
 

1 

 

 

 

 

 

 

 

Ovarian Cancer 

Peri-Operative Management 

 

GUIDELINES 

 

 

 

 

 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

2 

TABLE OF CONTENTS 

1 Introduction ................................................................................................................................................................................. 5 

2 Acknowledgements ................................................................................................................................................................... 5 

3 Responsibilities .......................................................................................................................................................................... 5 

4 Methods ......................................................................................................................................................................................... 6 

5 Funding .......................................................................................................................................................................................... 7 

6 Disclosure ..................................................................................................................................................................................... 7 

7 General recommendations ..................................................................................................................................................... 8 

8 Timing of surgery in relation to targeted and antihormonal agents ..................................................................... 9 

8.1 Bevacizumab ........................................................................................................................................................................................................ 9 

8.2 Poly(ADP-ribose) polymerase (PARP) inhibitors (Olaparib, Niraparib, Rucaparib, Veliparib) .................................. 9 

8.3 Antihormonal therapy ..................................................................................................................................................................................... 9 

9 Preoperative bowel preparation ...................................................................................................................................... 11 

10 Skin antisepsis and hair removal ..................................................................................................................................... 13 

10.1 Body bath or shower ..................................................................................................................................................................................... 13 

10.2 Surgical-site antisepsis................................................................................................................................................................................. 13 

10.3 Vaginal antisepsis ........................................................................................................................................................................................... 13 

10.4 Hair removal ..................................................................................................................................................................................................... 13 

10.5 Skin antisepsis for spinals and epidurals ............................................................................................................................................ 14 

11 Surgical safety checklists, patient positioning and retractors use ...................................................................... 15 

11.1 Surgical safety checklists ............................................................................................................................................................................ 15 

11.2 Patient positioning ......................................................................................................................................................................................... 15 

11.3 Surgical retractors .......................................................................................................................................................................................... 16 

11.4 Electrothermal devices ................................................................................................................................................................................ 16 

12 Anaesthesia, intra- and post-operative volume and replacement ....................................................................... 18 

12.1 Blood tranfusion and oncologic outcome ........................................................................................................................................... 18 

12.2 Perioperative fluid replacement.............................................................................................................................................................. 20 

12.3 Prevention of hypothermia ........................................................................................................................................................................ 22 

13 Major intra- and post-operative bleeding ..................................................................................................................... 24 

13.1 Local haemostatic agents and surgical internal iliac artery ligation options .................................................................... 24 

13.2 Surgical options ............................................................................................................................................................................................... 25 

13.3 Medical options ................................................................................................................................................................................................ 26 

13.4 Interventional radiology options ............................................................................................................................................................ 30 

14 Prevention and management of upper abdominal complications....................................................................... 32 

14.1 Liver resection and biliary leaks ............................................................................................................................................................. 32 

14.2 Spleen, pancreas .............................................................................................................................................................................................. 33 

14.3 Diaphragm .......................................................................................................................................................................................................... 34 

14.4 Stomach ............................................................................................................................................................................................................... 34 

14.5 Lesser sac, Porta hepatis, celiac region ................................................................................................................................................ 35 

14.6 Cardiophrenic lymph node resection .................................................................................................................................................... 36 

14.7 Postoperative pleura effusion................................................................................................................................................................... 36 

15 Prevention and management of infective and urological complications .......................................................... 39 

15.1 Postoperative sepsis, collection, drainage .......................................................................................................................................... 39 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

3 

15.2 Urological complications: hydronephrosis, ureteric fistulas, nephrostomies .................................................................. 39 

16 Management of bowel related morbidity, prophylactic stoma formation and stoma reversal ................ 42 

16.1 Anastomotic leak after colorectal resection ...................................................................................................................................... 42 

16.2 Stoma placement ............................................................................................................................................................................................. 43 

16.3 Stoma reversal.................................................................................................................................................................................................. 44 

16.4 Quality of life and low anterior resection syndrome ..................................................................................................................... 45 

17 Antibiotic/microbiologic management and post-splenectomy management ................................................. 46 

17.1 Perioperative antibiotic prophylaxis .................................................................................................................................................... 46 

17.2 Post-splenectomy management .............................................................................................................................................................. 46 

18 Postoperative pain management ...................................................................................................................................... 49 

18.1 Postoperative analgesia ............................................................................................................................................................................... 49 

18.2 Systemic analgesia ......................................................................................................................................................................................... 49 

18.3 Non-neuraxial regional analgesia ........................................................................................................................................................... 49 

18.4 Epidural/intrathecal analgesia ................................................................................................................................................................ 50 

19 Perioperative thromboprophylaxis (pharmacological and mechanical) and management of 

postoperative thromboembolic events .......................................................................................................................................... 52 

19.1 Prophylactic anticoagulation in routine patients without thrombophilia or previous thrombosis ....................... 53 

19.2 Mechanical thromboprophylaxis ............................................................................................................................................................ 53 

19.3 Management of high risk patients with previous VTE already on anticoagulation (VKA, LMWH, DOACs) ........ 54 

19.4 Management of high risk patients with previous VTE not anymore on anticoagulation and in high risk 

patients with a thrombophilia but without previous VTE ....................................................................................................................... 55 

19.5 Bridging in patients on anticoagulation and/or antiplatelet drugs due to cardiovascular comorbidities: atrial 

fibrillation, biologic or mechanic valve replacement in mitral and aortic position, cardiac stents and stroke ............. 56 

19.6 Management of postoperative VTE events ......................................................................................................................................... 59 

19.7 Spinal/epidural anesthesia and anticoagulation ............................................................................................................................. 60 

19.8 Indications and contraindications for insertion of an inferior vena cava filter................................................................ 60 

19.9 Types of inferior vena cava filter ............................................................................................................................................................ 61 

19.10 Value of cava filter implantation in case of lower limb DVT related to tumor compression/infiltration ........... 62 

20 Wound considerations/complications ........................................................................................................................... 64 

20.1 Prophylaxis of impaired wound healing .............................................................................................................................................. 64 

20.2 Wound care in high risk patients ............................................................................................................................................................ 64 

20.3 Surgical necrotizing fasciitis ...................................................................................................................................................................... 65 

20.4 Hernia repairs, use of mesh ....................................................................................................................................................................... 67 

21 Nutritional management ...................................................................................................................................................... 69 

21.1 Measures and principles of perioperative nutritional support ................................................................................................ 69 

21.2 Refeeding syndrome...................................................................................................................................................................................... 71 

21.3 Dietary management of the patients with a bowel stoma .......................................................................................................... 72 

22 Prehabilitation, enhanced recovery, postoperative ileus prevention ............................................................... 74 

22.1 Prehabilitation and ERAS concepts ........................................................................................................................................................ 74 

22.2 Physical exercise ............................................................................................................................................................................................. 74 

22.3 Nutritional interventions ............................................................................................................................................................................ 75 

22.4 Psychological, anxiety reducing support ............................................................................................................................................. 75 

22.5 Proactive measures for postoperative ileus prophylaxis ............................................................................................................ 76 

23 Postoperative physiotherapy and mobilisation ......................................................................................................... 78 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

4 

24 Frailty scores/Management of the fragile patient ..................................................................................................... 80 

25 Psycho-oncological and social support .......................................................................................................................... 82 

26 References ................................................................................................................................................................................. 85 

27 Appendices ..............................................................................................................................................................................133 

27.1 Appendix 1 - List of the international development group ..................................................................................................... 133 

27.2 Appendix 2 - Identification of scientific evidence ........................................................................................................................ 134 

27.3 Appendix 3 - List of the 117 international reviewers ................................................................................................................ 135 

 

  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

5 

1 Introduction 

Surgery for ovarian cancer has evolved significantly over the last decades with increasing implementation 

of a higher radicality with the aim to achieve maximal tumor clearance even in the most advanced stages 

of the disease1. The European Society of Gynaecological Oncology (ESGO) has developed and established 

for the first time in 2016 and updated in 2020 quality indicators for advanced ovarian cancer surgery to 

audit and improve clinical practice in Europe and beyond2,3. The aim of ESGO was to homogenise and 

standardize surgical care through well defined quality assurance programs and certification processes 

that will identify centres with the appropriate expertise and excellence to perform this type of radical 

debulkings without incremental increase of morbidity and mortality.  

As a sequelae of the continous effort to improve oncologic care in patients with ovarian cancer, ESGO has 

issued in 2018 a consensus guidance jointly with the European Society of Medical Oncology addressing in 

a multidisciplinary fashion twenty selected key questions in the mangament of ovarian cancer ranging 

from molecular pathology till palliation in primary and relapse disease4,5.  

In order to complement the above achievements and consolidate the promoted systemic advances and 

surgical expertise with the adequate perioperative management, the ESGO developed as next step, 

clinically relevant and evidence-based guidelines focusing on key aspects of peri-operative care and complications management as part of ESGO’s mission to improve the quality of care for women with 
advanced ovarian cancer and reduce iatrogenic morbidity. These guidelines are intended for use by all 

health professionals that are involved in the surgical care of ovarian cancer patients, across all allied 

disciplines. Even though our aim was to present the highest standard of evidence in an optimal treatment 

setting of qualified ovarian cancer centres,  the ESGO and the working group acknowledge the fact that 

there will be broad variability in practices between the various centres worldwide and also significant 

differences in terms of infrastructure, access to medical and surgical technology, but also training, 

medicolegal, financial, and cultural aspects that will affect the implementation of any treatment guidelines. 

2 Acknowledgements 

ESGO would like to thank the international development group for their energy, expertise and constant 

availability, to make the development of these guidelines possible, as well as the international reviewers 

and patients for their highly constructive comments to make our recommendations broadly 

implementable into clinical practice across the different countries and healthcare systems. 

3 Responsibilities 

These guidelines are a statement of evidence and consensus of the authors based on their views and 

perspectives of currently accepted approaches for the peri-operative management of patients with 

ovarian cancer. Any clinician applying or consulting these guidelines is expected to use independent medical judgment in the context of individual clinical circumstances to determine any patient’s care or 
treatment. These guidelines make no warranties of any kind regarding their content, use, or application 

and the authors disclaim any responsibility for their application or use in any way. 

  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

6 

4 Methods 

The guidelines were developed using a five-step process as defined by the ESGO Guideline Committee 

Standard Operative Procedures manual (see Figure 1). Strengths of the process include a multidisciplinary 

international development approach as well as a robust external reviewal process consisting of both 

physicians and patients. This development process involved one pilot, introductory meeting and three 

two-days meetings of the international development group, chaired by Professor Christina Fotopoulou 

(Imperial College London, London, United Kingdom). 

 

 

 

 

 

 

 

  

Figure 1. Development process 

ESGO nominated practicing clinicians who are involved in the peri-operative management of ovarian 

cancer patients and have demonstrated leadership through their expertise in clinical care and research, 

their national and international engagement and profile as well as their dedication to the work and vision 

of the ESGO society. The objective was to assemble a multidisciplinary panel and it was therefore essential 

to include professionals from all relevant disciplines  ie gynaecological oncology, anaesthetic and intensive 

care, interventional radiology, microbiology, haematology, nursing, psychooncology, and nutrition to 

contribute to the validity and acceptability of the guidelines. The list of the development group is available 

in Appendix 1. 

To ensure that the statements were evidence based, the current literature was reviewed and critically 

appraised. A systematic, unbiased literature review of relevant studies published between January 2015 

and June 2020 was carried out using the MEDLINE database (see Appendix 2). The bibliography was also 

supplemented by additional older relevant references (if any). The literature search was limited to 

publications in English. Priority was given to high-quality systematic reviews, meta-analyses, and 

randomised controlled trials, but studies of lower levels of evidence were also evaluated. The search 

strategy excluded editorials, letters, and in vitro studies. The reference list of each identified article was 

also reviewed for other potentially relevant articles. The development group was also allowed to consider 

older significant evidence (if any). 

The development group developed guidelines for all the topics. The guidelines were retained if they were 

supported by sufficiently high level scientific evidence and/or when a large consensus among experts was obtained. An adapted version of the “Infectious Diseases Society of America-United States Public Health Service Grading System” was used to define the level of evidence and grade of recommendation for each of 

the recommendations6 (see Figure 2). In the absence of any clear scientific evidence, judgment was based 

on the professional experience and consensus of the development group.  

 

 

External evaluation of guidelines (international review) 

Nomination of multidisciplinary international development group 

Identification of scientific evidence 

Integration of international reviewers’ comments 

Formulation of guidelines 
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LEVELS OF EVIDENCE 
  

I Evidence from at least one large randomised, controlled trial of good methodological quality (low potential for bias) or 
meta-analyses of well-conducted, randomised trials without heterogeneity 

  

II Small randomised trials or large randomised trials with a suspicion of bias (lower methodological quality) or meta-
analyses of such trials or of trials with demonstrated heterogeneity 

  

III Prospective cohort studies 
  

IV Retrospective cohort studies or case-control studies 
  

V Studies without control group, case reports, experts opinions 

GRADES OF RECOMMENDATIONS 
  

A Strong evidence for efficacy with a substantial clinical benefit, strongly recommended 
  

B Strong or moderate evidence for efficacy but with a limited clinical benefit, generally recommended 
  

C Insufficient evidence for efficacy or benefit does not outweigh the risk or the disadvantages (adverse events, costs, …), 
optional 

  

D Moderate evidence against efficacy or for adverse outcome, generally not recommended 
  

E Strong evidence against efficacy or for adverse outcome, never recommended 

 

Figure 2. Levels of evidence and grades of recommentions 

ESGO established a large multidisciplinary panel of practicing clinicians that provide care to ovarian 

cancer patients to act as independent expert reviewers for the guidelines developed. These reviewers 

have been selected according to their expertise and active involvement in clinical practice, while 

geographical balance ensured a global perspective. Ovarian cancer patients were also included. These 

independent reviewers were asked to evaluate each recommendation according to its relevance and 

feasibility in clinical practice (only physicians). Quantitative and qualitative evaluations were performed. 

Patients were asked to evaluate qualitatively each recommendation (according to their experience, 

personal perceptions, etc.). Evaluations of the external reviewers (N = 117) were pooled and discussed by 

the international development group before finalising the guidelines. The list of the 117 external 

reviewers is available in Appendix 3.  

5 Funding 

All costs relating to the development process were covered from ESGO funds. The development group 

members have not declared a specific grant for this research from any funding agency in the public, 

commercial or not-for-profit sectors. 

6 Disclosure 

CF: advisory boards for AstraZeneca, Clovis, Ethicon, Roche, MSD, GlaxoSmithKline, Tesaro, and grants for 

travelling from Sequana. AH: advisory boards for PharmaMar, Promedicis GmbH, Pierre Fabre Pharma 

GmbH, Roche Pharma AG, Tesaro Bio, Germany GmbH, MSD Sharp & Dohme GmbH, and honoraria from 

AstraZeneca GmbH, Celgen, MedConcept GmbH, Med update GmbH, Medicultus, Pfizer, Promedicis GmbH, 

Pierre Fabre, Roche Pharma AG, Tesaro Bio Germany GmbH, LEO Pharma. SSc: advisory boards for 

GlaxoSmithKline/Tesaro, Clovis, and grants for traveling from GlaxoSmithKline/Tesaro, Pharma Mar. JS: 

advisory boards for Roche, GlaxoSmithKline, AstraZeneca, Clovis, MSD, Merck, and grants for travelling 

from Roche, GlaxoSmithKline, AstraZeneca, Clovis. RUT: advisory boards for Atara Bio, research 

sponsored by Roche, grants for traveling from Roche, Atara Bio, Celgene, AbbVie, Glaxo Smith Kline and 

Janssen. TA, JC, LC, AC, OE, AF, DH, CH, PK, PM, FP, ES, SSu, and CT: no conflicts of interest. 
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7 General recommendations 

Patients with ovarian cancer have clearly demonstrated and expressed in numerous studies their high 

need and willingness to be involved in the decision-making processes around their treatment 

management7-10. This need appears to be irrespective of their age and cultural background but also 

disease stage7. Patients appeal for more effective treatment strategies and even though multicentre data 

have shown that they would accept higher risks of iatrogenic and surgical morbidity and mortality in 

exchange for substantial gains in their survival, they still have the strong desire to be thoroughly and 

adequately informed about the adverse side effects of the proposed treatment pathways but also about 

the available alternatives7,8.  

This clear desire about adequate information flow has been shown to be apparent from the earliest stages 

of the patients’ diagnosis and treatment journey, not to only be able to reach informed decisions but also 

to develop realistic expectations being aware of the risk and benefit profile of each proposed treatment 

strategy9,10. In addition to that, patients have expressed their right of having access to second opinions and 

being able to participate and have access to clinical trials9. Establishing quality of life as an outcome 

parameter of those trials, is a natural sequalae of the increased patients’ engagement and active 
involvement. 

These well-defined patients’ perspectives and wishes provide the clinicians with the necessary framework 
to not only discuss preferences with their patients but also to incorporate those preferences into any 

proposed treatment plans8. 

General recommendations 

• All patients should be adequately informed preoperatively about the risks and benefits of 

radical ovarian cancer surgery; about the most common complications and their management 

and also future steps of their journey [V, A]. 

• Early and continious patient education, information and coaching within a multidisciplinary 

approach is advised to holistically support and empowerd patients [V, A]. 

• A risk stratification of ovarian cancer patients who are planned to undergo debulking surgery 

should be preoperatively undertaken to tailor management and proactively act against expected 

risks [V, A]. 
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8 Timing of surgery in relation to targeted and antihormonal 

agents 

8.1 Bevacizumab 

Bevacizumab is a humanized anti-vascular endothelial growth factor (VEGF) monoclonal antibody applied 

both in the primary and recurrent setting11-15. In the GOG-218-trial bevacizumab was omitted at cycle 1 to 

avoid delayed wound healing if chemotherapy was initiated within 4 weeks of surgery11. In this setting, 

708 patients (95%) in the bevacizumab arm vs 737 (98%) patients in the standard arm showed no 

increased wound healing complications. However, bevacizumab treatment appeared to be associated with 

an increase in bleeding (mainly grade 1 mucocutaneous bleeding), hypertension of grade 2 or higher 

(18% with bevacizumab vs. 2% with standard therapy), thromboembolic events of grade 3 or higher (7% 

with bevacizumab vs. 3% with standard therapy), and gastrointestinal perforations (occurring in 10 

patients in the bevacizumab group vs. 3 patients in the standard-therapy group) compared to the standard 

arm11. 

A further analysis of the GOG-218 trial revealed that especially patients with a history of inflammatory 

bowel disease and bowel resection at primary surgery are exposed to a higher risk of bevacizumab related 

gastrointestinal complications16. Similar results have been reported in the ICON7 trial with an increased 

rate of gastrointestinal adverse events in the bevacizumab group (1.3% vs 0.4% in the control group)17. In 

this trial, adjuvant treatment with bevacizumab was also initiated at cycle 2 of chemotherapy13. An 

association has also been suggested between emergency surgery after bevacizumab treatment due to 

bowel obstruction and/or fistulas and an impaired wound healing in advanced heavily pretreated 

platinum-resistant ovarian cancer patients18. Safety data also exist regarding the application of 

bevacizumab in the context of neoadjuvant settings with similar recommendations in terms of timing to 

the adjuvant setting17,19. The European Medicines Agency therefore recommends that antiangiogenetic 

treatment should be started at the earliest 28 days after major surgery or after the surgical wound has 

completely healed and in the absence of any surgical fistulas. Patients who experience impaired wound 

healing under therapy should discontinue this until the wound has completely healed. Before an elective 

procedure, the therapy must be discontinued for at least 4 weeks as per recommendations of the licencing 

of bevacizumab in ovarian cancer20. In routine clinical practice, often 6 weeks are preferred to minimize 

complications. 

8.2 Poly(ADP-ribose) polymerase (PARP) inhibitors (Olaparib, Niraparib, 

Rucaparib, Veliparib) 

Poly(ADP-ribose) polymerase (PARP) inhibitors are part of the initial and relapsed treatment strategies 

against epithelial ovarian cancer21-24. They show activity in patients with pathogenic BRCA mutation 

(somatic and germ line mutations) as well as in patients with homologous recombination deficiency and 

patients with BRCA wild-type and no evidence of homologous recombination deficiency25,26. They may be 

combined with bevacizumab or given as monotherapy27,28. PARP inhibitors have not been associated with 

wound complications, so a distinctive negative effect on wound healing is not expected. Moreover, 

translational research data rather suggest even a favorable effect on wound healing processes29,30. In 

general, recovery from bone marrow toxicity should be awaited before surgery. 

8.3 Antihormonal therapy 

Antihormonal treatment in the form for example of tamoxifen or letrozole, is commonly used in low grade 

histologies both in the adjuvant as well as maintenance setting31. Due to the well defined thrombogenic 

side effects, endocrine therapy should be stopped at decision to operate. A perioperative treatment free 

interval of 2-3 weeks seems reasonable. For patients who are on endocrine therapy due to other 

malignancies, for example under tamoxifen for breast cancer, the risks and benefits of discontinuing this 

to reduce thromboembolic morbidity perioperatively need to be counterbalanced with the oncologic 
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benefits, so risk stratification should be individualized. However, since endocrine therapy is usually 

discontinued during cytotoxic treatment due to increased thromboembolic toxicity and patients who 

undergo surgery for advanced ovarian cancer will almost certainly need postoperative systemic 

treatment; endocrine therapy tends to be stopped preoperatively to avoid unnecessary morbidity.   

Timing of surgery in relation to targeted and antihormonal agents 

Bevacizumab 

• A treatment free interval of at least 28 days between bevacizumab administration and surgery is 

recommended [III, B]. 

• Patients who experience impaired wound healing under antiangiogenetic therapy should 

discontinue this until the wound has completely healed [III, B]. 

PARP inhibitors 

• No specific time interval is defined between elective surgery and oral PARP therapy 

discontinuation. A general evaluation of the known side effects and their resolution before 

surgery is recommended [IV, B]. 

Antihormonal therapy 

• In case of ovarian cancer progression on antihormonal therapy, this should be stopped at 

decision to operate to reduce risk of thromboembolic morbidity [III, B]. 
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9 Preoperative bowel preparation 

Most data regarding bowel preparation originate from colorectal surgery studies and no prospective 

randomised data exist specific for patients undergoing radical debulking surgery for advanced ovarian 

cancer. A major significant difference is that in the case of ovarian cancer debulkings, resections are 

commonly multivisceral, affecting the entire peritoneal and retroperitoneal cavity including multiple 

bowel segments, whereas surgery for colorectal cancer is usually more limited to single site organ 

resections. That, in addition to the fact that ovarian cancer patients often have large volume ascites at 

surgery, lead to acompletely different morbidity profile between the two surgical settings, especially in 

terms of bowel related complications32. For that reason, any experience and data from colorectal studies 

should not be just readily translated one to one in the setting of ovarian cancer debulkings.   

Although the first multicenter single-blinded randomized trial in 2010 demonstrated that rectal cancer 

surgery without mechanical bowel preparation was associated with higher risk of overall and infectious 

related morbidity, but without any significant increase of anastomotic leakage, further randomized 

control studies, systematic reviews and meta-analyses have shown no evidence of mechanical bowel 

preparation in reducing anastomotic leak, overall surgical site infections, extra-abdominal septic 

complications, reoperations or second intervention rates and death33-40.  

The guidelines of the American Society of Colon and Rectal Surgeons (ASCRS) state that preoperative 

mechanical bowel preparation alone, without oral antibiotics, is generally not recommended for patients 

undergoing elective colorectal surgery41. Preoperative enemas alone, without mechanical bowel 

preparation and oral antibiotics, are generally not recommended for patients undergoing elective 

colorectal surgery41. The use of enema did not show any superior benefit in terms of enhancing surgical 

field visualization and the efficacy of bowel packing when compared to the no-enema group42. In a clinical 

practice guideline endorsed by the Canadian Society of colon and rectal surgeons, mechanical bowel 

preparation before surgery should also be omitted43. In addition, the Enhanced Recovery After Surgery 

(ERAS) Society does not recommend preoperative bowel preparation before vulvar and vaginal surgeries 

but consider that enemas may be considered to reduce the stool burden at the time of vaginal surgery44.  

The combination of oral antibiotics (oral neomycin and tetracycline or erythromycin) + mechanical bowel 

preparation is recommended to decrease postoperative complications such superficial surgical site 

infection, and intra-abdominal infections in colorectal surgery41,45-50. Reduction in anastomotic leakage 

rate was observed in few studies41,45,51. Clostridium Difficile infection’s rate are not affected41,46. The role 

of oral antibiotic bowel preparation alone is not clear due to the low number of studies with low number 

of patients enrolled where indirect comparison is suboptimal37,46. The largest retrospective study 

including more than 20,000 patients showed worse results of oral antibiotic alone vs oral antibiotics + 

mechanical bowel preparation52.  

As per the American College of Surgeons and Surgical Infection Society and the American Society of 

Colorectal Surgeons, mechanical bowel preparation is usually performed with polyethylene glycol solution 

with oral antibiotics following mechanical bowel preparation in the afternoon or evening before 

surgery41,53. Usually three repeated doses of one of the following combinations of antibiotics are given 

orally over a period of approximately 10 hours: 1g neomycin sulfate and 1g erythromycin or 1g neomycin 

sulfate and 1g metronidazole54. 

Other regimens include drinking one bottle of MiraLax powder begining 24h before surgery with clear 

liquid diet followed by a combination of antibiotics and laxatives55. In Gynecological oncology surgery, if 

bowel preparation is desired for patients at high risk of needing a colorectal resection as part of the 

gynecologic procedure, trend is to consider use of oral antibiotics along with mechanical bowel 

preparation56. Nevertheless, as more than half of the patients who undergo a maximal effort debulking 

surgery for advanced ovarian cancer will require some type of bowel resection it is difficult to accurately 
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preoperatively predict which patients indeed will need a bowel resection32. Therefore, decisions around 

any bowel preparation should depend on the overall patients profile and tumour dissemination patterns. 

Preoperative bowel preparation  

• Mechanical bowel preperation alone is not routinely recommended [I, A]. 

• If mechanical bowel preparation is performed, this should be done in combination with oral 

antibiotics to decrease postoperative complications [II, A]. 

 

  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

13 

10 Skin antisepsis and hair removal 

10.1 Body bath or shower 

Despite the encouraging results of some smaller studies in regards to a risk reduction of surgical site 

infections through bathing or showering with 4% chlorhexidine gluconate, overall compliance appears 

low, while larger meta-analyses have failed to demonstrate any clear benefit on surgical site infections 

from bathing or showering with any antiseptic versus non-antiseptic preparation such as common soap57-

60. These data affect both intensive care unit and non-intensive care unitinpatients57. Patients are advised 

to shower or have a bath using common soap, either the day before, or on the day of, surgery for the 

prevention of surgical site infections and the overally hygiene61. 

10.2 Surgical-site antisepsis 

The impact on skin colonization using a combination of chlorhexidine gluconate and povidone-iodine for 

surgical site preparation has shown that “decolonization” rates (ie, no growth of skin cultures) were 
higher for the combination of chlorhexidine gluconate followed by povidone-iodine (90%), when 

compared to chlorhexidine gluconate alone (65%) or povidone-iodine alone (47%)62. A recent meta-

analysis of 30 studies including 29,006 participants revealed that chlorhexidine was superior to povidone-

iodine in the prevention of postoperative surgical site infection in both clean surgery and especially the 

clean-contaminated surgery63. However, there was no statistically significant difference in the incidence of 

skin adverse events between the two groups. Contraidications that need to be considered for the use of 

iodine antiseptic solutions are iodine allergy and thyroid comorbidities.  

10.3 Vaginal antisepsis 

Vaginal and perineal cleansing should be performed before surgery. To avoid mucosal irritation, solutions 

that contain low alcohol concentrations, such as the commonly used 4% (or 2%) chlorhexidine gluconate 

soap containing 4% alcohol, are usually preferred and may be used as an alternative to iodine-based 

preparations in cases of allergy or when preferred by the surgeon64-66. 4% chlorexidin vaginal preparation 

is considered one of the five-point surgical-site infection prevention bundle in women undergoing surgery 

for ovarian cancer55. 

10.4 Hair removal 

Perioperative hair removal is not recommended but results from few studies cannot be generalized to all 

surgical procedures because certain surgical subspecialties (eg, neurosurgery, gynecology) may involve 

body parts that are covered with more hair and are located in areas more prone to colonization by 

Staphylococcus, such as the groin, perineum, and axilla67,68. A nationwide survey among 638 primary, 

secondary and tertiary health care gynecological departments in Germany showed that preoperative hair 

removal was performed very heterogeneously and the awareness of preoperative hair removal and 

surgical site infection among junior doctors was very low69. Systematic reviews were performed to 

investigate whether the method (eg, using clippers, depilatory cream, or shaving with razors) and timing 

of hair removal versus no hair removal affect the incidence of surgical site infections. Fifteen randomized 

controlled trials or quasi-randomized controlled trials were identified, as well as several meta-analyses70-

84. The three hair removal methods did not affect the incidence of surgical site infections compared with 

no hair removal. However, when hair is removed, clipping significantly reduces surgical site infections 

compared with shaving. Because they have similar potential to cause microscopic skin trauma, no hair 

removal and clipping were combined in an additional meta-analysis, which showed that they are 

associated with significantly reduced prevalence of surgical site infections compared with shaving. There 

is no recommendation regarding the timing of hair removal, because the only one study assessing this 

question had no relevant results, but removal by clipping shortly before surgery seems the safest 

approach. Hence, the Association of Perioperative Registered Nurses Guidelines suggest clipping of hair is 

favored instead of shaving, when removal is deemed to be absolutely necessary, with the aim of reducing 
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minor skin injury and the risk of bacterial colonization and subsequent surgical site infection67,85. More 

research is necessary to determine if clipping or no hair removal is the best option for various patient 

populations. 

10.5 Skin antisepsis for spinals and epidurals 

Chlorhexidine gluconate is a potent, broad-spectrum antiseptic that is effective against nearly all bacteria 

and yeasts. It has been shown in several studies to result in a more rapid and superior bactericidal effect 

than povidone iodine, and its effects last for several hours beyond its initial application86,87. In one of these 

studies, Kinirons et al. compared colonisation of epidural catheters following skin preparation with 0.5% 

chlorhexidine in alcohol with skin preparation using 10% povidone iodine87. Catheters inserted following 

the use of chlorhexidine were six times less likely to be colonised than when povidone iodine was used. 

Caution should be used when using chlorhexidine gluconate for antisepsis prior to spinal or epidural 

insertion because it is known to be neurotoxic, and there have been cases of permanent neurological 

injury in which chlorhexidine gluconate was thought to be responsible. In one case, a whole syringe of 

chlorhexidine gluconate was mistakenly injected into the epidural space; in another case it was suggested 

that a syringe of bupivacaine injected spinally had been contaminated with chlorhexidine gluconate. All 

patients developed a chronic adhesive arachnoiditis causing progressive neurological deterioration 

leading to paraplegia. 

Skin antisepsis and hair removal 

• Preoperative patients bathing or showering with antiseptic solutions such as chlorhexidine 

gluconate has no benefit in reducing surgical site infections and is therefore not 

recommended over shower or bath with common soap [II, B]. 

• Preoperative hair shaving is not recommended [III, A]. 

• Surgical site antisepsis should be performed using 4% chlorhexidine gluconate with alcohol 

[II, B]. 
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11 Surgical safety checklists, patient positioning and retractors 

use 

11.1 Surgical safety checklists 

Surgical safety checklists were implemented less than 2 decades ago by the World Health Organization in 

an effort to improve the safety of patients undergoing surgical procedures by bringing together the whole 

operating team (surgeons, anaesthesia providers and nurses) to perform key safety checks during vital 

phases of the perioperative care: team briefing before starting the operating list, prior to the induction of 

anesthesia, prior to skin incision, after completion of each operation and after completion of the entire 

surgical list. The Checklist helps to ensure that important safety steps are reliably followed for each and 

every operation88-91. Every centre that performs ovarian cancer surgery should adhere to safety checklist 

protocols to ensure maximum patient safety in theatre.  

11.2 Patient positioning 

The aim when positioning a patient for surgery is to provide the best surgical access while minimising the 

risk of nerve and tissue injury. This risk is the highest in patients undergoing general anaesthesia as they 

are unable to make others aware of painful or compromised positions92-94. Apart from the actual 

positioning, shearing forces from moving/transporting the patient can damage skin and nerve tissues, 

especially in patients who are elderly, debilitated or obese. Careful moving techniques should be used to 

prevent this. Basic principles of positioning the ovarian cancer patient on the surgical table to be able to 

sustain long hours of a cytoreductive debulking include keeping the eyes closed using eye tape to reduce 

the risk of ocular injury, while the occiput should be well padded due to the risk of developing pressure 

sores in this area. Any limitation of joint movement or previous orthopaedic surgery must be assessed and 

considered before induction of anaesthesia to indicate important constraints on positioning. 

Patients undergoing surgery for ovarian cancer are usually in the lithotomy or Lloyd Davies positions, and 

this is modified with the addition of head-down (Trendelenburg) tilt. The key difference between the 

lithotomy and Lloyd Davies positions is the degree of hip and knee flexion. However, the resulting 

physiological changes and complications of these two positions are similar and therefore they will be 

considered together95-97. Peripheral nerve injury may occur when a nerve is subjected to compression, 

stretch, hypoperfusion or direct trauma. During the peri-operative period, these may result from 

suboptimal patient positioning and surgical retraction, can be severely debilitating, and are an avoidable complication of surgery for ovarian cancer. Staff members’ training and education should be implemented 
to prevent and reduce positioning-related complications98. Risk factors for intra-operative peripheral 

nerve injury are prolonged operative time, high ASA score and high body mass index95-97. Both legs should 

be flexed at the hips and knees simultaneously. Extreme flexion, abduction and external rotation of the hip 

joints can cause neuronal damage by stretch (sciatic and obturator nerves) or by direct pressure 

(compression of the femoral nerve as it passes under the inguinal ligament). Hip and knee movement 

should be therefore limited to the amount needed for adequate surgical exposure. The common peroneal 

nerve appears most susceptible to compression injury as it winds around the neck of the fibula. This is a particular risk if the patient’s knee and leg are resting laterally against stirrups. There should be adequate 
padding of this area to minimise compression. Calf support using a boot-like device is preferred to other 

supporting leg holders to reduce the risk of peripheral nerve injury. 

During the pelvic part of the debulking when patients are put into the Trendelenburg position to facilitate 

surgical access; injury to the brachial plexus may occur from the use of shoulder supports. If the support is 

placed too medially, the brachial plexus may be compressed against the first rib. If the support is placed 

too laterally, the brachial plexus may be stretched because of upward force on the shoulder while the head 

and neck move downwards under gravity. The ideal position for the position of a shoulder support is over 

the acromioclavicular joint. 
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If the arms are placed by the side, the fingers should be protected to prevent crushing injury when the leg 

section of the operating table is replaced. If the arms are placed on an arm board, they should not be 

abducted by more than 90° to reduce the risk of brachial plexus injury. Ideally, the arms should be in the 

supinated position to minimize stretching of the ulnar nerve. The ulnar nerve is vulnerable to 

compression in the ulnar groove behind the medial epicondyle of the humerus. This area should be 

padded adequately. 

11.3 Surgical retractors 

Care must be taken during the placement of the retractor to avoid bowel entrapment and compression of 

the femoral nerves through deep lateral blades. The femoral nerve may be injured by compression from 

the use of self-retaining retractors, and has a reported incidence of 7-12% during abdominal 

hysterectomy99. Therefore, when using self-retaining retractors, the shortest lateral blades possible that 

effectively retract the abdominal wall should be used to avoid compression of the psoas muscle. Rolled 

laparotomy sponges may be placed between the retractor and abdominal wall to additionaly reduce the 

risk of nerve compression especially in thin patients. 

11.4 Electrothermal devices 

Diathermy is widely used for coagulation and cutting during surgery for ovarian cancer, but harbours 

potential risks of electrothermal injury if adherence to rules of use are not followed.  Although advances in 

the safety of electrosurgical devices have contributed to the reduction of such accidental injuries, 

knowledge of electrosurgical safety by the surgeon and anaesthetist is essential100. The diathermy plate 

for the use of unipolar diathermy must be in close and even contact with a large area of skin, ideally over 

an area of well-vascularised muscle mass (usually the patient’s leg). Incorrect attachment of diathermy 
plates may cause burns, e.g. if contact is only made over a small surface area. If the diathermy plate is 

detached or malpositioned, diathermy current may flow through any earthed metal the patient touches 

(e.g. drip stands, ECG leads), causing burns at the site of contact.  It is therefore essential that the patient 

does not have contact to any earthed metal during surgery. Failure of insulation surrounding surgical 

instruments can lead to electrothermal injuries as a result of unwanted current leak. It is important to 

check all electrosurgical instruments for breaks in insulation before use. Moreover, burns may occur if the 

surgeon accidentally activates the diathermy especially after long debulking procedures. Therefore, when 

not used, the forceps or diathermy knife should be kept in a protective non-conducting holder. Since 

diathermy may act as an ignition source of flammable substances, e.g. alcoholic skin preparation solutions, 

these must have dried before diathermy is used. 
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Surgical safety checklists, patient positioning and retractors use 

Safety checklists 

• Safety checklists are mandatory in ovarian cancer surgery [III, A]. 

Patient positioning - General recommendations 

• Safe positioning requires planning and good communication between members of the 

operating room team and should be checked periodically [V, B]. 

• All members of the team should have adequate training in patient positioning [V, B]. 

• Intravascular lines, the endotracheal tube, urinary catheter, epidural catheter, and any other 

devices/equipment should be secured before any movement, and their position and function 

reassessed after repositioning [V, B]. 

Arm positioning 

• The arms may be positioned either by the side of the patient, or abducted and placed on an 

arm board. Abduction of more than 90 degrees should be avoided [V, C]. 

Surgical retraction 

• When using self-retaining retractors, the shortest blades possible should be used for 

adequate retraction without nerve- or muscle compression. Rolled laparotomy sponges may 

be placed between the retractor and abdominal wall to reduce nerve compression especially 

in thin patients [V, B]. 

Electrothermal devices 

• Electrosurgical instruments should be checked to ensure that they are safe to use [V, B]. 
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12 Anaesthesia, intra- and post-operative volume and 

replacement 

12.1 Blood tranfusion and oncologic outcome 

There are numerous conflicting data regarding the impact of blood transfusion on oncologic outcome. 

Possible mechanisms of action that have been described include transfusion-related immunosuppression, 

cytokine release, or proangiogenesis with vascular epithelial growth factor101,102. Although many 

retrospective studies showed better recurrence free survival and overall survival in ovarian cancer 

patients without blood transfusion, this might be a selection bias effect, since those patients with lower 

tumor burden and less complex surgery are those that will less likely require a tranfusion and also have a 

more favorable oncologic outcome and fewer surgical complications103-107. Hence, these studies had many 

limits including the absence of appropriate control for between-group differences of prognostic 

determinants. Hunsicker et al. conducted a retrospective study with a matched cohort to limit the risks of 

biases108. This study showed that transfusion does not worsen oncological long-term outcome after 

surgery. The meta-analysis recently published by Pergialiotis et al. suggested transfusion of blood 

products during the perioperative period is not an independent risk factor for inferior survival in ovarian 

cancer patients109. Further studies are required, however, to determine whether transfusion-related 

immunomodulation may be related to ovarian cancer recurrence.  

Evaluation of the anemia and iron deficiency According to the World Health Organization, a hemoglobin level ≥ 12 g/dl is considered normal in non-

pregnant women. Severe anemia is defined as a hemoglobin level < 8 g/dl. Although numerical cutoffs do not reflect patients’ comorbidities, they are the main parameters to guide transfusion practice. Studies 

show that 48% of gynecologic cancer patients are anemic. The most common factors associated with 

anemia are blood loss (during surgery of directly from the tumor), renal dysfunction, and marrow 

dysfunction (chemotherapy)110. Preoperative anemia was independently associated with an increase of 

the 30-day surgical mortality and composite morbidity rates in a retrospective study including 12,836 

gynecologic surgery patients111. Preoperative anemia was also associated with significantly increased 

perioperative transfusion rates. Blood administration during ovarian cancer surgery is common with 

incidence rates ranging from 25% to 77%110,112. Ackroyd et al. found the following variables were 

associated with blood transfusion in ovarian cancer surgery: advanced age (>65 years), preoperative 

anemia, low platelets, presence of ascites and/or disseminated tumor disseminated patterns as well as 

radical surgical resection techniques112. A diagnosis of anemia should be made with a screening complete 

blood count, ideally 3-4 weeks prior to the surgical procedure whenever possible.  

Iron deficiency is one of the causes of preoperative anemia. In patients with functional iron deficiency, oral 

iron is poorly absorbed in the duodenum. Oral iron also requires a long treatment period and commonly 

causes gastrointestinal side effects, potentially limiting dosages and compliance. Kim et al. demonstrated a 

decrease in blood transfusion in patients with cervical carcinoma undergoing chemotherapy who received 

iron supplementation113. A large review assessing intravenous iron administration showed no increased 

risk and rare short-term adverse drug events such as hypersensitivity reactions or anaphylaxis with low-

molecular weight iron preparations. Gastrointestinal adverse events were decreased compared to oral 

iron and the risk of discontinuation of therapy was lower114. Treatment with iron might favor neoplastic 

cell growth due to the high metabolic rate of tumor cells and the associated iron overturn101. However, 

cancer-related functional deficiency is unclear and the theoretical fears of stimulating tumor growth with 

a single iron supplementation are probably outweighed by the benefits of a higher hemoglobin level. 
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Threshold for blood transfusion 

Literature does not provide consensus about the optimum hemoglobin level at which to initiate 

transfusion. A single hemoglobin value cannot serve as a transfusion trigger without accounting for 

patient and clinical variables, while literature is conflicting regarding a liberal versus restrictive approach. 

However, since most ovarian cancer patients will need chemotherapy, more liberal transfusion thresholds 

may be used. The European Society of Anesthesiology recommends a target haemoglobin concentration of 

7 to 9 g/dl during active bleeding115. A large randomized controlled trial looked at a restrictive 

(hemoglobin level < 7 g/dl) versus a liberal (hemoglobin level < 10 g/dl) transfusion strategy116. Mortality 

was lower in the restrictive strategy group. In ovarian cancer, Altman et al. showed in a retrospective 

study better survival by maintaining average hemoglobin level > 8g/dl103. The usual restrictive strategies 

ranged from use of a hemoglobin trigger of 7 g/dl to 8 g/dl104,117-119. De Almeida et al. conducted a 

prospective trial to assess transfusion requirements in surgical oncology patients who had undergone 

abdominal major surgery with a restrictive (< 7 g/dl) or liberal (< 9 g/dl) transfusion strategy120. Unlike 

the previous study, they showed that a liberal transfusion strategy was superior in terms of 30-day 

mortality and severe clinical complications. Bergamin et al. conducted the other randomized study 

comparing two blood administration strategies in patient with solid cancers121. The mortality rate was 

also lower in the liberal group. These two studies presented debatable results essentially because the 

transfusion trigger was not maintained at the same level for the whole stay. A meta-analysis published in 

2016 showed that restrictive transfusion strategies appear to decrease blood utilization without 

increasing morbidity or mortality in oncologic patients118. Educational based transfusion awareness 

programs have been shown to be successful in improving awareness around the correct indication for 

blood transfusion122. 

Cell salvage 

Cell salvage aims to reduce or eliminate the need for allogeneic blood transfusion by recovering blood 

from surgical field, and then cleaning, filtering and reinfusing it into the patient. Cell salvage is routinely 

used successfully in other surgical specialties (cardiothoracic, vascular, orthopaedic and hepatobiliary). 

Theoretically, circulating tumor cells can be found in cell saver reinfusions and can potentially lead to 

metastases, and consequently cell salvage was initially contraindicated in cancer. However, patients with 

metastatic cancer are known to have circulating tumor cells in the blood, and operative manipulation of 

tumor leads to peripheral blood concentrations of malignant cells. In addition, leucocyte depletion filters 

which are used to reinfuse the salvaged blood are highly efficient at removing malignant cells. In patients 

undergoing oncologic surgery, leucocyte depletion filters have been shown to eliminate viable nucleated 

malignant cells from salvaged blood123. There are currently no data to contraindicate blood salvage in 

ovarian cancer surgery. However, the TIC TOC study (intraoperative cell salvage versus transfusion in 

ovarian cancer) may provide further evidence especially in terms of long term oncologic safety for those 

patients124. Nevertheless, the presence of large volume ascites and cystic tumors in ovarian cancer 

surgery makes the use of cell salvage techniques particularly challenging and it therefore cannot be 

recommended.  

Tranexamic Acid 

Tranexamic acid is routinely used in the perioperative setting in several surgical specialties. In a Cochrane 

review from 2011, tranexamic use hasebeen shown to decrease blood loss and reduce the relative risk of 

allogenic blood transfusion by 39%125. Lundin et al. published the results of a multicentre randomized 

double blind placebo-controlled trial which demonstrated that a single dose of 15 mg/kg intravenous 

tranexamic acid significantly reduced blood loss in women undergoing ovarian cancer surgery126. The use 

of transfusion was more frequent in the placebo group, but only postoperative transfusion showed a 

significantly lower rate in favor of tranexamic acid in the univariate analyses. They included only 50 

patients in each group, among them 56 participated in ultrasound assessment five weeks after the 

surgery. Thromboembolic events occurred in seven patients (7%), 2 in the tranexamic group and 5 in the 
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placebo group. A retrospective study showed a decreased rate of perioperative blood transfusion after the 

implementation of a tranexamic-acid based protocol in gynecologic oncology surgery127. Patients were 

predominantly operated on for ovarian cancer. Patients received 15 mg/kg intravenous tranexamic acid 

within 30 minutes of surgical incision. In this study, only 60.7% of patients in the intervention cohort 

received the drug. There was also a statistically significant reduction in median estimated blood loss and 

mean operative time in the historical and intervention cohort respectively. Among the 54 patients 

receiving tranexamic acid, only one patient developed a venous thromboembolism. The authors analyzed 

the subgroup of patients with ovarian cancer and showed a 60.3% risk reduction in blood transfusion 

compared to the historical cohort. Zakhari et al. conducted a review in 2020 supporting the use and safety 

of tranexamic acid in gynecologic surgery for procedures in which excessive bleeding is predictable such 

as ovarian cancer surgery128.  

Theoretically, tranexamic acid may be associated with an increased risk of venous thromboembolism. 

However, the literature confirms the benefits from tranexamic administration and the rare incidence of 

thrombosis after surgery. Clinical trials from trauma, orthopedic or general surgery confirm this129-131. In 

addition, transfusion itself may increase the risk of a thromboembolic event107,132. Transfusion related 

complications are not rare and this justifies transfusion-sparing practices.  

Various dosing regimens have been reported in the literature. In ovarian cancer surgery, tranexamic acid 

is administered as a single dose of 15 mg/kg just before the beginning of the surgery126,127. In a 

prospective double blind control trial of mostly gynaecological cancer patients, authors compared two 

different dosing regimens of tranexamic acid for patients undergoing laparotomy for abdominal cancer: 

10 mg/kg IV preoperatively or a bolus dose of 10 mg/kg IV followed by an infusion (1 mg/kg/h) until 4h 

postoperatively of tranexamic acid or saline. Patients receiving tranexamic acid as a bolus followed by an 

infusion had higher postoperative hemoglobin values and lower blood loss from the surgical drains than 

when tranexamic acid was given as a bolus alone133.  

12.2 Perioperative fluid replacement 

Serum albumin concentration is an important laboratory measurement to evaluate the nutritional status 

of patients. Hypoalbuminemia in cancer patients may result from malnutrition, low appetite, weight loss, 

and cachexia due to the host responses to the tumor and antitumor therapies. Low intake of amino acids 

and a negative nitrogen balance and a reduction in albumin synthesis are determinants of serum albumin 

levels. It was reported that 24% of patients with gynecological cancers are malnourished, and those with 

advanced ovarian cancer have the highest rate of malnutrition at 67%134.  

Albumin level was independently and significantly associated with overall survival. Subgroup analysis showed that patients with an albumin level < 32.5 and ≥ 32.5 g/l had mean estimated overall survival of 
40.6 and 96.0 months, respectively135. The preoperative albumin levels appeared to be an independent 

prognostic factor for overall survival in optimally debulked epithelial ovarian cancer patients. 

Hypoalbuminemia is also a predictive factor for severe post-operative complications. Furthermore, 

median overall survival time of patients with hypoalbuminemia was 24 months compared to 83 months in 

patients with normal albumin. Hypoalbuminemia was independently associated with shortened overall 

survival even after adjusting for established prognostic factors such as age, tumor stage, performance 

status, and post-operative residual disease136.  

Serum albumin levels provide a non-invasive method to assess the risk associated with surgical 

intervention. A preoperative albumin level of less than 3.5 g/dl has been associated with poor survival 

outcomes in multiple studies. A meta-analysis by Ge et al. found that 0.1 g/dl increases in serum albumin 

levels were significantly associated with improved survival outcomes137. Patient with severe 

hypoalbuminemia should therefore be considered for preoperative nutritional support for one to two 

weeks to optimize surgical outcomes.  
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The use of albumin as a source of protein for nutritional support is of no value. After administration, 

albumin is metabolized by the body and the majority is consumed as a source of calories. Albumin has low 

bioavailability and only a small fraction of the dose is metabolized into amino acids as materials for 

protein regeneration in the liver. Since only small amounts of the essential amino acids tryptophan, 

isoleucine, and methionine are formed, albumin is of little value as nutritional support.  

Use of albumin replacement during paracentesis 

Large volume paracentesis decreases the circulating plasma volume, and may result in renal impairment 

and hyponatremia. Paracentesis-induced circulatory dysfunction is a major complication with a high 

morbidity. Albumin has been shown to help prevent these adverse effects. In a study comparing large 

volume paracentesis with and without albumin replacement, patients receiving albumin replacement 

were less likely to develop renal impairment or electrolyte abnormalities. Albumin has also been 

compared with other colloid solutions because of its cost: paracentesis-induced circulatory dysfunction 

occurred significantly less frequently in patients treated with albumin compared to those receiving 

dextran 70 solutions or polygeline138.  

Perioperative fluid management and goal-directed fluid therapy 

The management of perioperative fluid balance in women undergoing cytoreductive surgery for advanced 

ovarian cancer poses unique challenges. A combination of pre-operative hypoalbuminaemia and 

mechanical bowel preparation, intra-operative drainage of ascites and pleural effusions, blood loss, fluid 

loss from extensive peritoneal resection and vasodilatation from the effects of epidural analgesia creates a 

complex fluid management problem throughout the peri-operative period136,139.   

The aim of intravenous fluid therapy during the perioperative period is to maintain an adequate 

circulating volume to ensure end-organ perfusion and oxygen delivery to the tissues. Insufficient fluid 

replacement may cause hypovolaemia and decreased tissue perfusion leading to acute kidney injury140. 

However, excess fluid administration may lead to tissue and pulmonary oedema, and in patients 

undergoing surgery for advanced ovarian cancer has been shown to increase the risk of surgical site 

infections, anastomotic leak and length of hospital stay141. In order for the anaesthetist to make decisions 

regarding perioperative fluid management, clinical parameters such as heart rate and arterial pressure 

and measures of organ perfusion such as urine output and serum lactate have traditionally been used. 

However, a healthy patient may lose up to 25% of their blood volume before there is a decrease in arterial 

pressure or an increase in heart rate. As a consequence, relying on these conventional methods is not 

sensitive enough to guide fluid therapy and results in wide variations in fluid volume administration 

across surgical specialties and procedures142. Goal-directed fluid therapy is a more individualised method 

of fluid administration based on objective feedback of the patient’s fluid responsiveness. Fluid boluses 
(usually a colloid) are administered to increase the stroke volume by more than 10% (measured using a 

minimally invasive cardiac output monitor) to optimise patients on their individual Frank-Starling curve. 

Once fluid boluses no longer improve the stroke volume, ongoing arterial hypotension may be treated 

with vasopressors. Inotropes may also be considered in patients with reduced contractility (cardiac index 

< 2.5 L/min) to achieve adequate oxygen delivery to the tissues143. Although early studies on goal-directed 

fluid therapy showed a significant reduction in postoperative complication rates and length of stay when 

compared with conventional fluid therapy, more recent studies performed within the context of enhanced 

recovery programmes have shown no difference in outcome144-148. A meta-analysis of 23 studies involving 

2,099 patients has shown that goal-directed fluid therapy in patients undergoing elective major 

abdominal surgery was associated with a significant reduction in morbidity, hospital length of stay, 

intensive care length of stay and time to passage of faeces. However, no difference was seen in mortality, 

return of flatus or risk of paralytic ileus149. 

The presence of malignant ascites has been shown to be a major determinant of haemodynamic stability 

during surgery for ovarian cancer136. Hunsicker et al. showed that in patients with ascites >500ml 
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undergoing surgery for ovarian cancer, in which fluids were administered as part of a goal-directed 

algorithm, administration of fresh frozen plasma (FFP) was associated with greater increases in stroke 

volume, prolongation of the time to fluid bolus requirement and decreased noradrenaline requirement 

compared to  artificial colloid or crystalloid solutions150. Fresh frozen plama should not be used for 

routine volume replacement, but may be beneficial during multivisceral resections to avoid coagulopathy 

and provide haemodynamic stability. 

12.3 Prevention of hypothermia 

Peri-operative hypothermia is defined as a core body temperature < 36°C and is a common consequence 

of anaesthesia for patients undergoing major surgery including ovarian cancer surgery. Both general and 

neuraxial anaesthesia contribute to peri-operative hypothermia due to vasodilatation and impairment of 

shivering, causing heat to redistribute from the core to the peripheral compartments of the body, leading 

to heat loss151. It is well established that peri-operative hypothermia may be associated with increased 

morbidity, mortality and length of hospital stay, and patients describe being cold in the post-anaesthesia 

care unit as one of the most distressing aspects of their surgery152. Hypothermia increases bleeding and 

transfusion requirements, increases the rate of adverse cardiac events and decreases anaesthetic drug 

metabolism153-155. Patients at higher risk of peri-operative hypothermia and its sequelae include ASA 

grade 2-5, pre-operative hypothermia, those undergoing a combination of general and regional 

anaesthesia, major surgery, low body mass index and those at risk of cardiovascular complications155. It is 

essential to measure core temperature accurately and continuously during surgery for ovarian cancer. 

This may be done using as a nasopharyngeal temperature probe or a zero-heat-flux cutaneous 

thermometer on the forehead. Body temperature may be maintained peri-operatively using several 

methods. These include maintaining an ambient operating theatre temperature of at least 21°C, warming 

and humidifying inspired anaesthetic gases, warming intravenous and irrigation fluids and using a forced 

air warming device. A small randomized controlled trial including 47 ovarian cancer patients scheduled 

for cytoreductive surgery showed that prewarming at 43°C reduces the drop in body-core-temperature 

and maintains normothermia without impeding the perioperative routine patient flow156.  
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Anaesthesia, intra- and post-operative volume and replacement  

Blood transfusion and oncologic outcome 

• Iron supplementation for correction of anemia should be considered (IV or oral depending 

on timing, availability, and patient’s profile) [III, B]. 

• There is no well-defined threshold for blood transfusion in advanced ovarian cancer surgery. 

Since many patients need chemotherapy, more liberal transfusion thresholds may be used [II, 

B]. 

• Tranexamic acid should be considered perioperatively to reduce blood loss [I, B]. 

Perioperative fluid replacement 

• The use of intravenous albumin should not be considered as a substitute for nutritional 

support [III, B]. 

• Hypoalbuminemia should not be used as a single marker for patient selection for surgery but 

as guidance for preoperative optimization of patients [III, B]. 

• Balanced crystalloids should be used for routine fluid replacement [III, B]. 

Prevention of hypothermia 

• Continuous temperature monitoring is recommended. Methods to actively warm patients 

should be applied [III, B]. 
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13 Major intra- and post-operative bleeding 

Major intraoperative haemorrhage during ovarian cancer cytoreductive surgery is not very common, 

especially under the increasing specialization and centralization of care in expert centres. Early 

preoperative identification of risk factors and adaptation of treatment protocols, including preoperative 

optimization of patients, additionally minimize the risk. Still in the occasions it occurs, the gynecological 

oncology team needs to be aware of all available surgical and non-surgical treatment options. Major 

haemorrhage protocols and fail safe algorithms developed within a multidisciplinary setting are 

mandatory in centres where advanced ovarian cancer surgery is performed, to minimize associated 

morbidity and mortality157. 

13.1 Local haemostatic agents and surgical internal iliac artery ligation options 

Local haemostatic agents can be used as a supplementary to traditional surgical coagulation and ligation 

technics in order to obtain bleeding control. There is nowadays a wide range of agents which include 

collagen, fibrin and synthetic glues or adhesives, gelatin or cellulose based products that can be used 

especially when access to the site of bleeding is more difficult158-175. For the appropriate use of the right 

agent for the right indication, it is essential to understand the mechanisms of actionand the possible 

adverse effects related to each agent176. 

Absorbable agents 

Oxidized cellulose-based haemostatic agents (Surgicel Original®, Surgicel Nu-Knit®, Surgicel Fibrillar®, 

Interceed®, Gelitacel®, Veriset®) have demonstrated their effectiveness in numerous case reports and 

prospective observational human studies since years177. Oxidized regenerated cellulose-based agents 

support a physical matrix for initiation of the clot and the low pH promotes antimicrobial effect178. The 

oxidised cellulose-based product can be impregnated with polyethylene glycol and other salts and 

achieves comparable and more rapid haemostasis compared to fibrin sealant patch (TachoSil®)179. 

Gelatin-based products are useful as a physical matrix for clot initiation (Surgifoam®, Gelfoam®, Gelfilm®, 

Gelita-spon®, Geli putty®), or can be combined with Thrombin (FloSeal®, Surgiflo®)174. Swelling of the 

gelatin in contact with blood reduces the blood flow and, in combination with a thrombin-based 

component, enhances haemostasis180-182. Although this property provides good hemostatic mechanical 

action, it also harbors the risk of complications of compressive origin when used in confined spaces or 

near nerve structures. Unlike the other topical hemostats with gelatin, FloSeal® is a gelatin matrix based 

on bovine collagen containing microgranules, crosslinked with glutaraldehyde (biological glue) and 

human thrombin that are mixed at the time of use. The gelatin particles when contact with blood, swell 

and induce a buffering effect183-185. 

Collagen-based agents (Instat®, Helitene®, Helistat®, Avitene®, Avitene flour®, Avitene Ultrafoam®, Endo 

Avitene®, Avitene Ultra Wrap®) provides a generous surface area that, when in contact with blood, allows 

adhesion and platelet activation, promoting thrombus formation186. They are often combined with a 

procoagulant substance such as thrombin to enhance the haemostatic effect. Considering that its 

mechanism of action depends on platelet activation, they are less effective in patients with severe 

thrombocytopenia or coagulopathies. However, they also successfully reach hemostasis even in 

heparinized patients187-190. 

Biological Agents 

Fibrin sealants (Evicel®, Tisseal®, Crosseal®, Quixil®) were some of the first clinically available hemostatic 

agents, having both haemostatic and sealant properties. The classic fibrin sealant consists of clustered 

human lyophilized fibrinogen and bovine or human thrombin, sometimes also containing concentrated 

coagulation factor XIII and aprotinin187-190. Thrombin and Fibrinogen are combined at the time of 

application. Thrombin degrades Fibrinogen into fibrin, forming clot. Factor XIII is a proenzyme activated 

by thrombin in the presence of calcium ions (fibrin stabilizing factor). Once activated, factor XIII forms 
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cross-link between fibrin chains, stabilizing the clot formation. Aprotinin is a protease inhibitor (bovine 

lung tissue) that inhibits trypsinin, plasmin and kallikreins, delaying plasmin-mediated clot lysis191. A 

compression period is required for polymerization of the sealant components. Fibrin sealants are 

especially suitable for controlling low pressure venous bleeding and from raw surfaces such as kidneys, 

liver and spleen192,193. Several controlled randomized studies have shown their significant effect on 

haemostasis in vascular, bone, skin and visceral surgeries194-196. A multicenter prospective randomized 

study reported, Fibrin sealants (Crosseal®/Quixil®) as the most effective hemostatic, with less time for 

effective hemostasis, less intraoperative bleeding and less induction of complications when compared 

with the control group (Avitene®, Surgicel®, Surgicel Nu-Knit®, Gelfoam®, Gelfoam + thrombin®)197. 

Finally, a further form of fibrin sealant (TachoSil®) which resembles a spongy plaque has demonstrated its 

utility not only as a hemostatic, but also in intestinal anastomoses due to its high adhesive capacity198-201. 

Synthetic agents 

Polyethylene glycol (CoSeal®) is a fully synthetic polymer used to cover vascular anastomoses. It uses two 

synthetic polyethylene glycols that, once mixed, can be applied directly to the surfaces of the tissues or 

used to seal synthetic suture lines or grafts. Polyethylene glycol is an effective agent for vascular and 

cardiac hemostasis or in surgical applications where volume expansion of the product is not a concern. Its 

performance in the anastomotic seal is equivalent to Gelfoam with thrombin, but the main advantage of 

CoSeal® lies in the rapidity with which it reaches hemostasis202,203. Although the evidence is mainly 

observational, these agents have become widely used.  

Surgical ligation of the internal iliac artery for control of pelvic bleeding 

Ligation of the internal iliac artery has been described for obstetrical indications (massive bleeding from 

invasive placenta previa) but also for bleeding during gynecologic oncology (mainly exenterations). 

Bilateral ligation of the internal iliac arteries leads to a reduction of pelvic arterial blood flow by 49% and 

pulse pressure by 85%. Usually, ligation of the anterior division of the iliac artery is enough to control 

massive bleeding in the pelvis. Collateral circulation is developed following the ligation of the internal iliac 

artery and will maintain its re-functioning in the long-term204.  

13.2 Surgical options 

A surgical vascular tray for emergency situations should be part of the armamentarium of surgical equipment in gynaecological cancer theatres. “Packing” has been successfully applied in trauma surgery 
and obstetrics with significant reduction of mortality associated with major vessel injury, parenchymal 

liver or splenic trauma as well as pelvic trauma and pelvic venous plexous bleeding205-207. In ovarian 

surgery, evidence is limited. One small case control study where 3-6 povidone-iodine soaked roller gauges 

were used for packing during intraoperative bleeding, showed that operative mortality could be avoided 

in 14 out of 16 packed patients (87.5%)208. Packing removal was done through exit sites on abdomen, 48h 

after packing at bedside. 

Several methods and variations of the technique of abdominal and pelvic packing have been described, 

such as the “umbrella pack”209-212. Despite the fact that no standardized method has been described, the 

technique must be meticulous, as evidence suggests that inadequate packing (packs placed in wrong 

locations or fewer than required) and insertion of an intra-abdominal drainage may reduce its efficacy in 

controlling blood loss213. Various materials may be used, including gauze sheets, plastic bags (eg, 

drawstring bag used to cover radiographic film) or cloth containers with wet gauzes for more weight that 

for example in the case of pelvic bleeding can be placed it against the pelvic bleeding area with subsequent 

traction of the attached drawstrings through the vagina to exert pressure against the pelvic floor with 

equivalent efficacy in controlling bleeding214. Hemostatic agents, such as tranexamic acid, can be 

additionally applied directly to the bleeding tissue or included in the packing material to increase efficacy, 

even though control randomized studies are lacking. Kaolin impregnated hemostatic agents such as 
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Combat Gauze™ and Trauma Pads™ have also been described; however, according to preliminary reports 

these do not seem to provide additional benefit215. 

Even though no consensus exists on the indication, type and duration of prophylactic antibiotics while the 

pack is in place, given the general high incidence of postoperative febrile morbidity, prophylactic broad-

spectrum antibiotic therapy is widely used and reported as anadditional effort to reduce morbidity and 

mortality. The duration of packing has not been standardized. Evidence from damage control surgery in 

the field of abdominal trauma suggests that in patients with coagulopathic hemorrhage due to extensive 

blood loss, abdominal packing should not be removed before the completion of the first day following 

surgery, whereas it seems ideal to keep the packing in place for 48-72 hours216. Longer intervals are 

associated with increased risk of infectious complications. The team should be familiar with the various 

techniques of temporary and permanent abdominal closure, including early and delayed fascial closure, 

mesh insertion, vacuum-assisted closure components separation, planned ventral hernia, either alone or 

in combined use217. 

13.3 Medical options 

Transfusion management and general considerations 

Multiple factors contribute to the complex causes of haemorrhagic diathesis in surgical patients. These 

include acquired platelet dysfunction, anticoagulation, blood loss, haemodilution, coagulation factor 

consumption, hypothermia, acidosis and the activation of fibrinolytic pathways. 

Platelet inhibitors and anticoagulants are the most frequent cause of acquired haemostatic defects. 

Although aspirin can increase the blood loss after major surgery, this usually does not result in an 

increased need for red blood cell transfusion. Moreover, improved surgical outcomes and prevention of 

adverse cardiovascular events postoperatively have been demonstrated with the continued use of 

aspirin218. Aspirin and thienopyrimidins have a short serum half-life, but their effect on thrombocyte 

function can last considerably longer. The effect can effectively be reverted by transfusion of platelet 

concentrates after these substances have been stopped for at least 12 hours219. In the management of 

haemorrhagic shock, a restrictive volume strategy with crystalloid solutions during the initial phase is 

widely accepted. The main reason for this is that all colloid solutions can alter haemostasis220. For 

critically ill patients, a balanced electrolyte solution should be favoured over 0.9% sodium chloride, and if 

a 0.9% sodium chloride solution is used, it should be limited to a maximum of 1-1.5 l205. Randomized 

clinical trials that have evaluated hemoglobulin concentration thresholds for transfusion in critically ill 

patients have consistently found that restrictive transfusion strategies (Hb thresholds between 7 and 9 g/dl) are as safe as, or safer than, liberal strategies (thresholds ≥ 9 g/dl), but these studies excluded 

patients with massive bleeding116,221. In a randomized clinical trial of 921 patients with acute upper 

gastrointestinal bleeding the probability of survival was slightly higher in patients with a restrictive transfusion strategy (Hb threshold 7 g/dl) than with a liberal strategy (Hb threshold 9 g/dl) in patients 
who had bleeding associated with a peptic ulcer, and it was significantly higher in patients with cirrhosis 

and Child-Pugh class A or B disease. The restrictive transfusion strategy was associated with further 

bleeding in 10% of the patients as compared with 16% of the patients in the liberal transfusion strategy 

group222. In the management of major bleeding and coagulopathy following trauma, a target hemoglobulin 

concentration of 7-9g/dl has been recommended205. There are no specific data for ovarian cancer surgery. 

However, if more than 4 units of packed red blood cells (PRBCs) are necessary to maintain a hemoglobulin 

concentration of 7-9 g/dl, balanced resuscitation of PRBCs and FFPs is recommended and additional 

platelet infusions and fibrinogen substitution in following rounds of transfusionin clinical guidelines for 

perioperative bleeding are recommended. The optimal ratio of PRBCs to FFPs in balanced resuscitation of 

patients who require massive transfusion still is in question, albeit retrospective data favour a ratio of 

0.75-2.3 to 1. FFP generally should be considered when bleeding is accompanied by prothrombin 

time/activated partial thromboplastin time (PT/aPTT) > 1.5 times normal and platelet transfusions are 
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recommended in case of thrombocytopenia < 50-100/nl. The recommended threshold for fibrinogen 

substitution is 2g/l. If refractory bleeding is noted, further factor concentrates should be considered223. 

Data from a meta-analysis of case reports and case-series using recombinant factor VIIa (rFVIIa, 

NovoSeven) in the treatment of bleeding after abdominal, vascular or urogenital surgery showed a 

reduction or cessation of bleeding in 39/50 patients after administration of rFVIIa224. The risk of 

thromboembolism was not increased compared with data from a meta-analysis of eight placebo-

controlled clinical trials. However, a randomized controlled trial evaluating rFVIIa in the management of 

refractory traumatic haemorrhage in 573 patients who bled 4 to 8 RBC units within 12 hours of injury 

found no difference in 30-day-mortality in patients assigned to rFVIIa (200 μg/kg initially; 100 μg/kg at 1 

hour and 3 hours) or placebo. Mortality was 11.0% with rFVIIa versus 10.7% with placebo in patients 

with blunt trauma and 18.2% with rFVIIa versus 13.2% with placebo in patients with penetrating trauma. 

Thrombotic events were similar across the two study cohorts225. 

A retrospective observational study comparing tranexamic acid with no tranexamic acid in 896 patients 

with wartime injury and haemorrhage identified a lower mortality in the tranexamic acid than the no-

tranexamic acid group despite a higher injury severity score in the tranexamic acid group226. The benefit 

was greatest in the group of patients who received massive transfusion and was associated with a lower 

incidence of coagulopathy. A retrospective study of 201 patients with peritoneal malignancies, that had 

cytoreductive surgery combined with hyperthermic intraperitoneal chemotherapy and were treated with 

tranexamic acid or cryoprecipitate upfront in addition to FFP or with FFP alone, not only found a 

reduction in PRBC, FFP and platelet transfusions associated with the use of tranexamic acid but also no 

increase in the postoperative venous thromboembolism (VTE) rate227. Moreover, 2 x 15mg/kg tranexamic 

acid in an interval of three hours did not show an increased risk of thromboembolic events in patients 

with high-energy fractures of the pelvis, acetabulum, and femur after major traumatic injury and up to 2g 

tranexamic acid in addition to standard care significantly reduced death due to bleeding in women with 

post-partum haemorrhage with no adverse effects in a randomised, double-blind, placebo-controlled trial 

of 20,060 women228,229. Given its good safety profile, the use of tranexamic acid is recommended in many 

massive transfusion protocols230. 

In massive transfusion, measurement and substitution of ionized calcium in case of hypocalcaemia are 

recommended. Hypothermia is associated with an increased risk of bleeding and is a significant 

contributing factor to the morbidity and mortality of patients with major haemorrhage. Both prothrombin 

time (PT) and partial thromboplastin time (PTT) are only minimally different at temperatures between 37 

and 41°C, but strongly altered by hypothermia. In a situation where factor levels were all known to be 

normal, PT increased from 11.8s to 12.9s to 16.6s and PTT increased from 36s to 39.4s to 46s when the 

temperature was lowered from 37 to 34 to 31°C, respectively231. Platelet aggregation and adhesion were 

already significantly reduced at a temperature of 33°C, anda pH decrease from 7.4 to 7.0 reduced the 

activity of FVIIa by over 90% and FVIIa/TF by over 60%158,159. Normothermia and the prevention of 

acidosis are therefore critical to control haemorrhage effectively. Target values in the setting of massive 

transfusion (traditionally defined as transfusion of 10 units of PRBCs within a 24 hour period) are a pH of 

7.35-7.45 and a body core temperature of > 34°C230. In massive transfusion prewarmed infusions and a blood warmer can help to prevent a critical drop in the patient’s body temperature. An experimental study 
about haemolysis and hypothermia found that the use of a blood warmer set at 41.5°C in conjunction with 

a compression sleeve at 150 or 300 mmHg does not generate haemolysis, but at 300 mmHg a blood 

warmer set at 41.5°C also did not totally avoid the risk of hypothermia associated with transfusion160. 

Calcium is a critically relevant part of the membrane bound procoagulant complexes of coagulation factors 

VIIIa/IXa, VIIa/TF and Xa/Va, but hypocalcaemia commonly occurs during massive transfusion due to 

citrate and serum calcium chelation. In a retrospective study of trauma patients who received massive 

transfusion, 152/156 patients includedexperienced hypocalcaemia (ionized calcium < 1.12 mmol/l), and 

111/156 had severe hypocalcaemia (ionized calcium<0.90 mmol/l). Mortality was significantly higher in 

the severe hypocalcaemia group (49% versus 24%) and patients with severe hypocalcaemia received 
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significantly more blood products (34 versus 22 PRBC)161. Another retrospective, single-center study of 7,431 trauma patients aged ≥ 18 years presenting to the emergency department found severe 

hypocalcaemia in 716 patients (9.8%) within 48h of admission. Patients with severe hypocalcaemia had 

received more PRBC, more FFP and more platelet transfusions. Multivariable analysis revealed higher 

PRBC or FFP administered as an independent predictor of severe hypocalcaemia and severe 

hypocalcaemia as an independent predictor of mortality162. The retrospective analysis of patients 

prospectively enrolled in two institutions participating in randomized clinical trials for the use of 

prehospital plasma in traumatic haemorrhagic shock (control, standard of care; experimental, plasma), 

with ionized calcium collected before calcium supplementation, showed that prehospital plasma 

recipients had significantly higher rates of ionized calcium levels of ≤ 1.0 mmol/l compared with controls. 
Severe hypocalcaemia was associated with decreased survival and massive transfusion163.  

Management of bleeding complications in patients receiving direct oral anticoagulants (DOACs) 

DOACs should be discontinued 48 hours before surgery. There is no routine monitoring of DOACs and 

aPTT and PT measurements are not useful to access the anticoagulatory effect of these substances. Their 

incidental administration prior to surgery, inadequate dose regimen, excessive alcohol consumption, 

potential pharmacokinetics interactions (e.g. amiodarone, diltiazem) and lack of treatment reassessment 

might cause higher-than-expected DOAC levels in patients undergoing surgery. In patients with 

unexpected bleeding complications, plasma concentrations of rivaroxaban, apixaban and edoxaban can be 

measured by calibrated chromogenic anti-Xa assays. Lack of prolonged times in the anti factor Xa assays can reassuringly prove absence of any of DOAC activity in the patients’ blood. However, rivaroxaban, 
edoxaban and apixaban have a substantially different impact on the anti-Xa-activity and especially low 

concentrations of apixaban at the treatment relevant threshold might cause only slightly elevated results 

in anti-Xa-assays. This means that even though commonly anti Xa assays 2-fold above the upper normal 

limit indicate relevant rivaroxaban plasma concentrations, for apixaban, the threshold is lower and any 

increase of the anti Xa assays means potentially effective anticoagulation and impairment of the clotting 

cascade perioperatively164. During treatment with DOACs the current safe-for-treatment threshold is 30 

ng/ml, Andexanet alfa is a recombinant modified inactive factor Xa that had been licenced as an antidote 

for rivaroxaban and apixaban, but not for edoxaban. It binds and sequesters oral factor Xa inhibitor 

molecules, thereby rapidly reducing the anti-factor Xa activity. There is a low and a high dosing regimen 

with 400 mg andexanet alfa given IV in 15 minutes followed by an infusion of 480 mg over 2 hours for 

patients with a rivaroxaban or apixaban intake more than 8 hours ago or within the recent 8 hours at low doses (≤ 10 mg rivaroxaban once daily or ≤ 5 mg apixaban twice daily). Patients that took more than 10 
mg rivaroxaban or more than 5 mg apixaban in the recent 8 hours or an unknown dose in the recent 8 

hours should be treated with 800 mg andexanet alfa IV in 15 minutes followed by an infusion of 960 mg 

over 2 hours. In a multicenter, prospective, open-label study of 352 patients with major bleeding (26% 

presented with gastrointestinal bleeding, 64% presented with intracranial hemorrhage) excellent or good 

haemostasis could be reached in 204 of 249 patients (82%) with andexanet alfa administration165. In 

patients who had received apixaban, the median anti-factor Xa activity decreased from 149.7 ng/ml, at 

baseline to 11.1 ng/ml after the andexanet alfa bolus. In patients who had received rivaroxaban, the 

median baseline anti-factor Xa activity decreased from 211.8 ng/ml to 14.2 ng/ml. 

Dabigatran has no effect on the anti-Xa-acitivity but a diluted thrombin time measurement is highly 

sensitive for the presence of dabigatran. Idarucizumab is a recombinant antibody fragment that 

specifically, rapidly, durably, and safely reverses the anticoagulant effect of dabigatran. In a multicenter, 

prospective, open-label study of 503 patients with either uncontrolled bleeding (302 patients) or in need 

of an urgent procedure (202 patients) 5g of intravenous idarucizumab was able to reverse the 

anticoagulant effect of dabigatran with a median maximum percentage reversal of 100%165. In patients 

presenting with uncontrolled bleeding (45.5% presented with gastrointestinal bleeding, 32.6% presented 

with intracranial haemorrhage) the median time to the cessation of bleeding was 2.5 hours. In patients 

undergoing urgent procedures the median time to the initiation of the intended procedure was 1.6 hours; 
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periprocedural haemostasis was assessed as normal in 93.4% of the patients. There were no serious 

adverse safety signals. The IV application of idarucizumab is either a bolus injection of 5g or an infusion of 

2 x 2.5 g over 5-10 minutes. 

When there is no specific antidote available, prothrombin complex concentrates at high doses (50 IU/kg 

PCC) should be considered, although its clinical effect still is in question. There is no role of FFP in this 

setting167,168. 

Management of bleeding complications in the context of disseminated intravascular coagulation (DIC) 

The incidence of disseminated intravascular coagulation in patients with ovarian cancer undergoing 

cytoreductive surgery is generally low169. Signature feature is the loss of localized activation of 

coagulation and the inefficiency of natural coagulation inhibitors to downregulate thrombin generation. It 

is associated with a high risk of macro- and microvascular thrombosis and progressive consumption 

coagulopathy, which leads to an increased bleeding risk. Cancer anyway represents a prothrombotic state 

that may promote hypercoagulation via factor VII overexpression and plasma release of tissue factor (TF) 

resulting in an ongoing low-level thrombin generation170. Thrombin generation is promoted by positive 

feedback-activation of the intrinsic pathway, and inhibiting natural anticoagulant pathways including 

tissue factor pathway inhibitor, antithrombin III and protein C do not neutralise this activation process 

sufficiently. The resulting availability of large amounts of thrombin results in platelet activation, fibrin 

generation and inflammation but also in the activation of fibrinolysis. The extent of this cascade depends 

on plasminogen activator inhibitor 1, thrombin-activatable fibrinolysis inhibitor, and other factors related 

to the underlying disease and the capacity of regulatory mechanisms. If not adequately counteracted by 

fibrinolysis, fibrin deposition may cause diffuse obstruction of the microvasculature while the 

consumption of platelets, coagulation factors and coagulation inhibitors result in hypocoagulability which 

might be worsened by additional hyperfibrinolysis171. Coagulation, anticoagulation and fibrinolysis can be 

stressed by major surgery or massive PRBC transfusion leading to decompensation of a before still 

controlled situation. 

The International Society of Thrombosis and Haemostasis (ISTH) suggested a scoring system for the 

diagnosis of acute decompensated DIC based on platelet count, plasma fibrinogen concentration, PT and 

D-dimer levels on an 8-point scale with one point each for a platelet count below 100/nl but higher than 

50/nl, fibrinogen levels lower than 1g/l and a PT of 40% to 70%. A platelet count below 50/nl and a PT 

lower than 40% is scored with two points each. Scoring of D-dimer levels has recently been modified with 

2 points for D-dimer levels between 3 and 7 µg/ml and three points for D-dimer levels >7 µg/ml. With 

modified D-dimer levels an ISTH score ≥ 4 suggests overt acute DIC172. However, an appropriate 

underlying disease is required and low antithrombin III levels might further guide diagnosis in patients 

with otherwise elevated D-dimer levels. 

The cornerstone of DIC managementis treatment of the underlying disease and all patients with DIC and 

bleeding in need of volume therapy should receive FFP and PRBCs in a 1:1 ratio instead of crystalloid or 

colloid infusions right from the beginning. In patients with DIC and bleeding and a platelet count of <50/nl 

transfusion of platelets is suggested by the British Society of Haematology in recent guidelines. In bleeding 

patients with DIC and prolonged PT and aPTT, administration of FFP is considered useful, while there is 

no evidence that infusion of plasma stimulates the ongoing activation of coagulation173. If transfusion of 

FFP is not possible in patients with bleeding because of fluid overload, factor concentrates (PCC) might be 

considered. Whereas acute decompensated DIC is a situation of global deficiency of coagulation factors 

and natural anticoagulants, the selective substitution of procoagulants using large amounts of PCC might 

shift the system towards a microcirculation defect. In cases of severe hypofibrinogenaemia (< 2 g/l), 

additional fibrinogen substitution is considered useful based on case reports. While patients with DIC 

should not be treated with antifibrinolytic agents by routine, patients with DIC and a suspected primary 

hyperfibrinolytic state who present with severe bleeding might benefit from treatment with tranexamic 

acid (e.g. 1g every 8h). 
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In the absence of prospective evidence from randomised controlled trials confirming a beneficial effect of 

antithrombin concentrate on clinically relevant endpoints in patients with DIC and not receiving heparin, 

the British Society of Haematology does not recommend the administration of antithrombin III173. 

However, most clinical trials evaluating DIC treatment were done in patients with sepsis with multiorgan 

dysfunction due to diffuse microvasculature obstruction. The KyberSept trial applied a total of 30,000 IU 

antithrombin III or placebo over a total of 96 hours to patients with sepsis. While there was no difference 

in survival at days 28, 56 and 90, the rate of severe bleeding was increased in patients receiving 

antithrombin III. In a subgroup of patients that did not receive heparin in addition to antithrombin III, 

survival at day 90 was significantly improved, but the trial did not allow the identification of patients that 

might benefit from the application of antithrombin III alone232. In a double-blind randomized trial of 

activated protein C (APC) and unfractionated heparin at a dose of 8 U/kg/h in the treatment of DIC 

aggravation of bleeding was seen in 8/55 patients receiving heparin, but in none of the 52 patients 

receiving APC233. While heparin clearly should not be given in patients with DIC and bleeding, substitution 

of antithrombin III to restore antithrombin III levels of up to 80% might be reasonable, especially in 

patients with additional microvasculature obstruction. The application of recombinant activated factor VII 

(rFVIIa) could have a potential role in the context of severe bleeding associated with DIC that cannot be 

controlled otherwise based on case reports234. The effect of any DIC treatment should be monitored by repeated analysis of the patient’s blood count, PT, aPTT, fibrinogen and antithrombin III levels, at least 
every 6 hours. 

13.4 Interventional radiology options 

Computed tomography with an arterial phase acquisition is the preferred method to identify and quantify 

arterial bleeding; to define type of lesion (vessel rupture, pseudoaneurysm, arterio-venous fistula) and to 

guide percutaneous transcatheter embolization. Computed tomography angiography is more sensitive 

than digital subtraction angiography for detection of active extravasation235. Digital subtraction 

angiography should be employed preferably during endovascular treatment rather than for the actual 

diagnosis of bleeding.  

Transcatheter embolization during digital subtraction angiography is a widely employed technique for 

vascular occlusion to treat acute or recurrent hemorrhage. The field of application of transcatheter 

embolization in the postoperative ovarian cancer surgery includes vaginal, bladder, gastrointestinal, 

muscular, parenchymal (liver, spleen, pancreas kidneys) peritoneal and retroperitoneal bleeding. The 

reported success rate for abdominal embolization for bleeding widely ranges from 62% to 100%. In 

hemodynamically stable patients, interventional radiological techniques are the gold standard and first 

choice of treatment to avoid relaparotomy236. All hospitals that routinely accommodate ovarian cancer 

surgery should have 24/7 access to interventional radiology either on site, or via a formalized referral 

pathway to another hospital. 

Coagulopathy, sepsis, and renal failure are relative contraindications to transcatheter embolization, hence 

appropriate efforts should be made to correct or improve these conditions before the procedure if at all 

possible. Lack of safe or adequate access to the target is a further contraindication as is an inability to 

achieve a stable catheter position, which occurs only in a minority of patients. A vascular communication 

between the target and an adjacent vital structure is a further obstacle to a succefulemobilisation 

technique.  

If an arterial bleeding is suspected but not detected, there is no strong evidence to support the practice for a “blind” or “prophylactic” embolization, however in some vascular areas as gastroduodenal-, internal 

iliac-or muscular arteries, an embolization with re-absorbable agents is often performed even without an 

obviously visible bleeding target237. 
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Major intra- and post-operative bleeding  

• A multidisciplinary major haemorrhage protocol should be in place in any centre 

performing ovarian cancer surgery. The protocol should be reviewed periodically [IV, B]. 

Surgical options 

• There is a variety of different local haemostatic agents that should be considered and used 

appropriately as per their mechanism of action and the hereby related potential adverse 

effects [IV, C]. 

• Abdominal and pelvic packing is an effective option in uncontrollable intraoperative 

bleeding in ovarian cancer debulking surgery [IV, C]. 

• A successful abdominal packing should not be removed or replaced before the completion 

of the first postoperative day. Intervals to remove or replace the pack longer than 3 days 

increase the risk of infectious complications [IV, B]. 

Medical options 

• Normothermia and the prevention of acidosis are critical to control bleeding effectively. A 

pH of 7.35-7.45 and a core body temperature of >34°C should be maintained [III, A]. 

• Replacement of combined blood and plasma products as well as pharmacologic agents to 

support coagulation pathways such as tranexamic acid are recommended in the 

management of intraabdominal blood loss in well defined algorithms [III, A].  

Interventional radiology options 

• Interventional radiology techniques such as percutaneous transcatheter embolization 

should be considered as a treatment option in an active arterial bleeding (or a suspected 

vascular lesion like pseudoaneurysm) in a stable postoperative patient to avoid a 

relaparotomy [III, B]. 
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14 Prevention and management of upper abdominal 

complications 

14.1 Liver resection and biliary leaks 

Liver metastases in ovarian cancer patients are mainly capsular-peritoneal and/or parenchymal238-240. The 

most common type is in the form of a capsular or subcapsular infiltrative pattern241. Complete liver 

mobilization is crucial to evaluate the whole capsule. In addition to the Glisson capsule, each sulcus, round 

ligament, gallbladder, porta hepatis, retrohepatic region and the hepatic bridge should be visualized 

carefully. During resection of the round ligament, caution should be taken not to damage the portal vein 

which is very close to the root of the ligament. The umbilical vein is drained into the portal vein during 

fetal life. Therefore, the root of round ligament is sutured or secured by hemoclip.  

Resection of subcapsular liver metastases can be performed by electric devices and subsequent 

coagulation by bipolar forceps or argon beam cautery to avoid bleeding or biliary leaks. In case of 

hematogenous parenchymal metastasis adequate preoperative imaging and mapping are essential safe 

complete resection238,241,242. Intraoperative ultrasonography can facilitate exact localization of the 

metastatic lesion within the liver together with the vascular anatomy to prevent unnecessary bleeding and 

bile leakage. The parenchymal metastases could be resected by using different techniques where 

necessary: wedge resection, segmentectomy, lobectomy and/or hepatectomy238. Although it is not always 

needed, Pringle manoeuvre may decrease the bleeding during liver resection. Nasser et al. analyzed the 

effect of extensive liver mobilization on hepatic function and liver failure by evaluating the results of 132 

patients who underwent primary or secondary cytoreduction243. Although the liver enzymes elevated 

following an operation, they get normalized within seven days, and no significant morbidity was noted 

specifically related with liver surgery except for one patient who died due to fatal fulminant hepatic 

failure. Therefore, they suggested following elevated liver enzymes until normalization and to avoid 

hepatotoxic medication the first days postoperatively after extensive liver manipulation. 

Postoperative biliary ductal injuries can result in significant morbidity, including biliary peritonitis, 

cholangitis, and sepsis. Postoperative bilomas can become colonized by bacteria and become infected if 

left undrained. Most evidence in literature is based on series published about postcholecystectomy leaks. 

The International Study Group of Liver Surgery established a uniform bile leak definition including a 

severity grading associated with postoperative morbidity and mortality244. Discharge from the abdominal 

wound or drain is being considered as of biliary origin if it has a total bilirubin level of > 5 mg/ml or 3 

times the serum level. 

Smaller biliary leaks that are adequately drained tend to spontaneously seal off without any further 

intervention necessary and so a watch and wait approach is appropriate if the patient is asympotatic and 

otherwise well. 

• The first-line treatment for clinically relevant biliary leaks is endoscopic retrograde 

cholangiopancreatography with sphincterotomy, stenting, or a combination of both techniques. The 

reported success rate of all these interventions is very high (>90%) without statistically significant 

differences between them. Complex injuries, such as transection, should generally be managed 

surgically. Naso-biliary drainage should be limited to patients with severe co-morbidities and/or 

coagulopathy to avoid a second endoscopic procedure (e. g. for stent removal) or sphincterotomy245. 

• If sepsis and biliary peritonitis predominate, a percutaneous, endoscopic ultrasound assisted or 

surgical drainage is also necessary as first line treatment. 

• The percutaneous transhepatic biliary drainage is a challenging option in case of non-dilated biliary 

tree and should be considered only when an endoscopic retrograde cholangiopancreatography is not 

feasible (e.g. for anatomical conditions) or has failed. 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

33 

14.2 Spleen, pancreas 

The International Study Group of Pancreatic Fistula classification has re-defined a clinically relevant 

postoperative pancreatic fistula as a drain output from the pancreatic resection bed with an amylase level 

>3 times the upper limit of normal serum amylase combined with a clinically relevant clinical picture. 

Therefore, the former "grade A postoperative pancreatic fistula" is redefined as a "biochemical leak," since 

it has no clinical importance and is therefore nolonger considered as a true pancreatic fistula246. 

Multicentre, retrospective evidence of 2,026 patients who have undergone distal pancreatectomy has 

failed to identify method of transection, suture ligation of the pancreatic duct, staple size, the use of staple 

line reinforcement, tissue patches, biologic sealants, or prophylactic octreotide as having any independent 

impact on the risk of clinically relevant postoperative pancreatic fistula247-249. The same study identified 

following risk factors as being independently associated with clinically relevant postoperative pancreatic 

fistula: age, obesity, hypoalbuminenia, absence of epidural anesthesia, neuroendocrine or nonmalignant 

pathology, concomitant splenectomy, and vascular resection248. 

Retrospective cohort studies in tertiary high-volume pancreas centers have demonstrated that the 

postoperative pancreatic fistula rate seems to increase according to the thickness of the pancreatic stump. 

Group II staplers, i.e closed height of 1.8mm, showed a significant reduction in the postoperative 

pancreatic fistula rate than other cartridges of closed height of ≤1.5 mm or ≥2.0 mm in pancreas with 
thickness <13 mm250. The type of cartridge did not appear to have any significant effect on pancreas 

thicker than 13 mm. 

The application of Fibrin sealant patches such as Veriset or Tachosil to the pancreatic stump after distal 

pancreatectomy does not seem to provide any relevant benefit in terms of postoperative pancreatic 

fistula, mortality, reoperation rate, blood loss or length of hospital stay251-253. Flowable hemostatic matrix 

on the pancreatic stump has been shown to be associated with significantly lower postoperative 

pancreatic fistula rates compared to thrombin-coated collagen patches, but in smaller studies254.  

Somatostatin and its analogues have been evaluated in multiple studies in their value to reduce 

postoperative pancreatic fistula, but evidence is conflicting with no significant differences in mortality in 

several systematic reviews255-263. The heterogeneity of the studies has made any comparison difficult and 

also no clear subgroup for which prophylactic treatment might be potentially more beneficial has been 

identified264. For selected patients who develop high-output fistulas, somatostatin may be useful to control 

the volume of output.  

A prospective randomised trial with pasireotide vs placebo, demonstrated decreased incidence of 

clinically significant postoperative pancreatic fistula, however recent studies have failed to replicate these 

results265. A large meta-analysis of five studies on 1,571 patients has shown that routine administration of 

pasireotide did not significantly decrease postoperative fistula rates at distal pancreatectomy266.  

In case of pseudocyst/abscess formation at the pancreatic tail after tumour resection in that area, a 

conservative approach with drainage is recommended. There are two main ways of approach: the 

percutaneous radiological fuided external drainage placement versus the endoscopic ultrasound-guided 

internal drainage. In the first option, the contents are bein drained externally while in the second option 

the internal drain empties the content into the stomach and from there into the gastrointestinal tract. 

Multiple retrospective series have shown that the endoscopic ultrasound-guided drainage is at least 

equally feasible and effective compared to the radiological drainage and in some studies led to a more 

rapid resolution, while having the advantage of not requiring an external drainage apparatus267-270. A large 

meta-analysis of 10 studies (239 patients) demonstrated that endoscopic ultrasound had significantly 

better clinical outcomes, in terms of clinical success and disease recurrence, in the management of 

pancreatic fistula as compared to percutaneous drainage271. 
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14.3 Diaphragm 

Upper abdominal debulking procedures are a key to achieving complete cytoreductive surgery in 

advanced ovarian cancer272. Crucial steps for achieving a complete tumor resection from the diaphragm/ 

diaphragmatic peritoneum are knowledge of anatomical landmarks and mobilization of the liver adequate 

exposure of the surgical field. The sandwich technique is one of the many described to strip the 

diaphragmatic peritoneum273. The most frequently described post-operative complication across multiple 

prospective and retrospective studies is pleural effusion, with rates ranging from 10% to 60%, depending 

the setting and timing of the surgery, as well as the tumour burden, extent of diaphragmatic resection, 

amount of pre-existent ascites and pleural effusion274-276. The need for post-operative thoracentesis or 

chest tube placement is low. The routine use of intraoperative trans-diaphragmatic decompression of 

pneumothorax reduces these rates275. Diaphragmatic lesions at the time of interval debulking are less 

frequent and smaller in size. The morbidity of diaphragmatic surgery in this setting is lower as compared 

to a primary. Pneumonia and pneumothorax were the next most commonly reported morbidities277. The 

described rates of postoperative pleural drainage are not high enough to justify prophylactic chest tube 

placement for all the patients, however, patients who underwent full thickness diaphragmatic resection 

and high volume preoperative pleuraeffusion merited special consideration for intraoperative 

prophylactic drainage. 

Phrenic nerve injury at diaphragmatic surgery for tumour debulking with clinically relevant consequences 

is very rare. The phrenic nerve provides the primary motor supply to the diaphragm, the major 

respiratory muscle. Phrenic nerve injury may more commonly occur from cardiothoracic surgery and can 

lead to diaphragmatic paralysis or dysfunction. The presentation of phrenic nerve injury is non-specific, 

and the diagnosis may easily be missed. Possible imaging modalities include ultrasound, 

electromyography, and fluoroscopy278. 

Diaphragmatic hernia is also a further rare complication in patients after ovarian cytoreduction. The 

literature describes only a limited number of cases and is mostly left since the liver usually protects the 

right diaphragm against this event279-281. The process may be multifactorial and may be caused not just 

due to direct injury and insufficiency of the diaphragmatic repair but also due to other reasons such as 

development of abdominal abscess for example after pancreatectomy that invades through the 

diaphragm281. Diaphragmatic hernia with herniation of the abdominal organs into the chest may also 

occur delayed and months after the actual surgery. As a possible pathogenetic explanation is devitalization 

of the muscle with peripheral denervation and progressive thinning of the muscle wall and inducing 

fibrosis leading to diaphragmatic rupture. 

14.4 Stomach 

Gastric perforation after ovarian cytoreduction is rare, most likely the result of a multifactorial process 

and most commonly described in combination with hyperthermic intraperitoneal chemotherapy. 

Therefore careful tissue handling is key to safe tumor dissection and avoiding of overmanipulation of the 

affected organs. The injury happens usually at infragastric omentectomy with ligation of the 

gastroepiploic vessels on the surface of the greater curvature. Associated mechanisms of action are 

vascular compromise, delay in wound healing from any previous chemotherapy, seromuscular tears 

related to traction on the stomach wall and point pressure on the greater curvature from a long-term 

indwelling nasogastric tube. Surgical exploration has often revealed protrusion of the nasogastric tube 

through stomach wall defects which were either located at or near the greater curvature of stomach at 

omentectomy. To reduce the risk of gastric perforation, oversawing of the greater curvature, if 

seromuscular tears occur and avoiding nasogastric suction may reduce complications and morbidity282,283. 

Gastroparesis is a syndrome of objectively delayed gastric emptying of solids in the absence of a 

mechanical obstruction and main symptoms are nausea, vomiting, early satiety, bloating, and/or upper 

abdominal pain284. Risk factors include polyfarmacy, frailty, comorbidities, diabetes. Gastric stasis is 

usually due to surgical injury to the vagus nerves. Vagal injury can be demonstrated by measurement of 
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the plasma pancreatic polypeptide response to modified sham feeding. Sham feeding, ie chewing but not 

swallowing food, results physiologically in cephalic vagal stimulation and thereby a rapid increase in 

plasma PP of at least 25 pg/ml in the first 20 minutes followed by a return to baseline. In patients with 

vagal injury, this mechanism is failed and no increase in PP over baseline occurs285. Foods that are fatty, 

acidic, spicy, and roughage-based increase the overall symptoms in individuals with gastroparesis286. Fat 

slows gastric emptying and nondigestible fiber (eg, fresh fruits and vegetables) require effective 

interdigestive antral motility that is frequently absent in patients with significantly delayed gastric 

emptying. Diet should be low in fat and in non-digestible (insoluble) fiber; in general, soluble fiber or fiber 

that is cooked and reduced in particle size by homogenization can be digested and emptied from the 

stomach except in the most severe patients with gastroparesis286,287. Patients should also be advised to 

avoid carbonated beverages as they can aggravate gastric distention.  

Pharmacologic therapy with prokinetics increases the rate of gastric emptying and should be ideally 

administered 10 to 15 minutes before meals with an additional dose before bedtime in patients with 

persistent symptoms. As compared with tablets, liquid formulations allow for easier dose titration and are 

less likely to accumulate in the stomach and cause erratic absorption. 

Metoclopramide is usually the first-line therapy for gastroparesis. In patients whose symptoms fail to 

respond to metoclopramide or with side effects that result in its discontinuation, a further option is 

domperidone at a dose of 10 mg three times daily and increase to 20 mg three times daily with an 

additional dose at bedtime, if symptoms persist. 

Macrolide antibiotics such as erythromycin would be the next step and also stimulate fundic contractility, 

or at least inhibits the accommodation response of the proximal stomach after food ingestion286-288. The 

liquid formulation is 40 to 250 mg three times daily before meals288. Oral erythromycin should be 

administered for no longer than four weeks at a time, as the effect of erythromycin decreases due to 

tachyphylaxis. Intravenous erythromycin is more effective than the oral form289. In a systematic review of 

five clinical trials involving oral erythromycin for gastroparesis, 43% of the patient had a significant 

clinical improvement290.  

In cases of refractory gastropares ultima ratio is surgery including placement of an enterostomy tube (eg, 

gastrostomy, jejunostomy), pyloromyotomy, transpyloric stent and pyloroplasty291-293. Intrapyloric 

injection of botulinum toxin is not recommended since randomized controlled trials failed to show any 

improvement in symptoms, even though some open-label trials have shown benefit294,295. Endoscopic 

pyloromyotomy (gastric per-oral endoscopic myotomy) and laparoscopic pyloroplasty have been 

successful in small studies in treating gastroparesis296-298. 

Gastric electrical stimulation is reserved for compassionate treatment in patients with refractory 

symptoms, particularly nausea and vomiting (eg, with persistence of symptoms despite antiemetic and 

prokinetic drug therapy for at least one year), without however proven benefit for postsurgical 

gastroparesis299.   

14.5 Lesser sac, Porta hepatis, celiac region 

The systematic evaluation of lesser omentum, lesser sac (bursa omentalis), porta hepatis, celiac trunk, 

gallbladder, liver and retrohepatic region is crucial to achieve complete tumor clearance in ovarian 

cytoreduction. The systematic visualization of the retrohepatic region including the anterior and posterior 

surface of caudate lobe after detachment of left triangular ligament up to the gastro-esopahegeal junction 

is relevant for adequate exposure. Common complications specific to these procedures are bleeding due to 

liver damage and due to left gastric injury. Tumor involvement of the porta hepatis/hepatoduodenal 

ligament, celiac trunk and lesser curvature of the stomach are common tumor sites that limit operability 

in various studies32,300-302. 
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Following localizations should be assessed for tumor involvement: 

• The peritoneal surface of hepato-duodenal ligament 

• Peri-portal lymph nodes 

• Celiac lymph nodes 

• Gallbladder/gallbladder bed 

• Hepatogastric ligament 

• Lesser sac, lesser omentum, bursaomentalis 

• Round ligament, hepatic bridge 

• The entire surface of the liver including each sulcus  

• The anterior and posterior surface of the caudate lobe 

• The surface of diaphragmatic crus 

• Retrohepatic surface down to inferior vena cava and up to gastro-esophageal junction 

14.6 Cardiophrenic lymph node resection 

The resection of bulky/suspicious cardiophrenic lymph node belongs in the armamentarium of the 

gynaecological oncology surgeon to achieve complete macroscopic tumor clearance in and outside of the 

peritoneal cavity303-320. The most commonly used access route is the transdiaphragmatic approach, which 

has been described as feasible and safe. The overall post-operative morbidity directly related to the 

cardiophrenic lymph node resection has been described as comparatively low with the most common 

being: pleura effusion, pulmonary embolism, chylothorax and acute respiratory distress 

syndrome304,307,309,313,314. If during dissection the pericard is opened, this should not be closed, to avoid 

tamponade effects and infection. The defects should be left open and heal spontaneously. The 

management of chylothorax can be very challenging with no concrete treatment algorithm having been 

adopted and no well-conducted randomized trials comparing therapies are available303,321-422. 

For most patients with a persisting, high volume postoperative chyle leak (ie, >1 l per day) (more than 2-5 

days) early invasive intervention with medical pleurodesis, percutaneous thoracic duct 

embolization/disruption, lymphangiography with highly viscous contrast or surgical thoracic duct 

ligation, should be considered early ie within the first few days after diagnosis, rather than prolonged 

conservative therapy with just chest tube drainage and dietary modification. The rationale for this 

approach is that these patients are likely to have major thoracic duct injury which is unlikely to close 

spontaneously, rather than leaks that originate from a smaller thoracic duct tributary which are more 

likely to undergo spontaneous closure. 

Additional perioperative dietary modification for those high-volume leak patients consists of complete 

bowel rest by total parenteral nutrition, combined with somatostatin/octreotide to reduce the flow of 

chyle through the leak. For patients with low volume postoperative chyle leak (ie, <1 l per day) more 

conservative and minimally invasive approaches such as pleural drainage for symptom control and 

dietary modification (low-fat diet or total parenteral nutrition) could be followed. Success rates with 

conservative therapy are variable ranging from 25-80% with patients who have low-output leaks more 

likely to respond than those with high output leaks303,321-422. 

14.7 Postoperative pleura effusion 

Postoperative pleura effusion is a common complication after upper abdominal and thoracic resection 

procedures. More than half of patients seem to develop ipsilateral pleural effusions after diaphragm 

peritonectomy for cytoreduction. The management depends mainly on the presence of associated 

cardiovascular symptoms and the volume, timing, progression, and persistence. Small to moderate 

effusions, not progressive and not associated with respiratory symptoms require only observation272,274-

277. 
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The incidence of symptomatic effusions does not appear high enough to recommend routine chest tube 

placement at the time of diaphragm peritonectomy or resection423. Drainage of postoperative pleura 

effusion usually occurs by the interventional radiologists or the thoracic physicians (pulmonologists, 

thoracic surgeons) or the gynaecological oncologists, depending on the expertise and availability of the 

team but also on medicolegal aspects and local guidelines272,274-277. Thoracentesis without pleural drain 

placement is not recommended for the treatment of parapneumonic effusion or empyema. Any pleural 

drainage should be performed under imaging guidance to increase success rates and decrease 

complications424,425: if ultrasound as a first step is not able to identify fluid collection due to its location, 

surrounding anatomic structures, or loculated nature, computed tomography can be an alternative option 

for localization of fluid and procedure guidance426. 

A retrospective study by Gouy et al., of 63 patients who underwent unilateral or bilateral diaphragmatic 

surgery, showed that a chest tube was routinely placed intraoperatively if there was a large resection 

(>5cm) of the diaphragm, including the muscle, or if there were many lesions resected from the same 

hemidiaphragm272. With this approach, the authors reported a rate of 5% of pleural effusion and 

pneumothorax that required drainage, which is extremely low.  

In 2013, Kato et al. presented a retrospective study of 37 patients who underwent a full-thickness 

diaphragm resection during cytoreductive surgery for advanced stage ovarian cancer427. All patients who 

had their thoracic cavity opened during diaphragmatic surgery routinely underwent an intraoperative 

tube thoracostomy, regardless of the size of the pleural opening. Post-operative chest x-rays 

demonstrated a higher density on the undrained side of the lung field than on the drained side in 24 

patients, due to pleural effusion. However, the placement of the chest tube was correlated with the 

estimated blood loss, blood transfusion during surgery and the operative time. The authors stated that, in 

a multivariate analysis, an estimated blood loss of 2,500 ml was the only factor that was significantly 

associated with pleural drainage.  

In a study by Sandadi et al., the authors assessed the incidence of symptomatic pleural effusion between 

patients who underwent intraoperative chest tube placement and those who did not receive any 

intervention428. The study included 156 patients who underwent diaphragmatic surgery for advanced 

stage ovarian cancer, 49 of which had a resected specimen of 10 cm or more in largest dimension. The 

authors demonstrated that, in these patients, without intraoperative chest tube placement, recorded a 

postoperative complication rate of 57%, such as moderate or large pleural symptomatic effusion, 

compared to 19% in the chest tube group. 

Exudate, empyema, chylothorax, pneumothorax and hemothorax are further indications for a drainage 

catheter placement.  In complicated pleural fluid collections small size catheters (<14 Fr) are as effective as large (> 14F) catheters; moreover, patients with smaller drainage catheters experience less pain than 
those with large catheters. For Stage II and mixed (II/III) acute empyema video-assisted thoracoscopic 

surgery should be the first-line approach429. 

Prevention and management of upper abdominal complications  

• In patients with large volume ascites and extensive peritoneal and/or lymph node resections 

a placement of an intraabdominal drainage could be considered [III, C]. 

Liver resection 

• A gynaecological oncology surgeon must be familiar with the anatomy of the liver and the 

biliary tree and also the various indications and anatomical borders of liver resection 

techniques (i.e. metastasectomy, segmentectomy and partial hepatectomy) [V, A]. 
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Biliary leak 

• The first-line treatment for biliary leaks includes conservative management with watch and 

wait and endoscopic/interventional radiology technics depending on the clinical picture of 

the patient and the extent of the leak [II, B]. 

• If sepsis and biliary peritonitis predominate, a percutaneous, ultrasound assisted or surgical 

drainage should be considered as additional treatment [II, B]. 

Spleen, pancreas 

• There is no value of routine use of prophylactic somatostatin for patients undergoing 

splenectomy +/- distal pancreatectomy. Somatostatin analogues, especially its longer lasting 

derivates may be used for selected patients with high-output fistulas [II, C]. 

• Pancreatic pseudo abscesses due to pancreatic leak should be managed with percutaneous 

drains or with an internal endoscopically inserted drain to avoid reoperation [III, B]. 

Diaphragm, pleural effusion 

• A prophylactic chest tube placement after diaphragmatic surgery is not routinely indicated 

[III, B]. 

• Prophylactic chest tube placement could be considered for those patients with high volume 

preoperative pleura effusion, frailtyand hypoalbuminemia and large/full thickness 

diaphragmatic resection [III, B]. 

• Small to moderate postoperative pleura effusions, which are not progressive and not 

associated with respiratory symptoms should be managed conservatively [III, B]. 

• Thoracentesis alone without pleural drain placement is not recommended for the treatment 

of parapneumonic effusion or empyema [III, B]. 

Lesser sac-Porta hepatis-celiac region 

• If postoperative gastric perforation occurs, reoperation is the mainstay of treatment [III, B]. 

• Postsurgical gastroparesis should be addressed with correction of electrolytes, appropriate 

diet and pharmacological support including metroclopramide, domperidone, and 

erythromycin [III, B]. 

Paracardiac lymph node resection 

• Complications like chylothorax after cardiophrenic lymph node resection are rare and 

multidisciplinary management is required [V, B]. 

• In case of pericardial opening, no pericardial closure is recommended to avoid tamponade 

and infection [III, B]. 
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15 Prevention and management of infective and urological 

complications 

15.1 Postoperative sepsis, collection, drainage 

Advanced, multivisceral cytoreductive procedures, especially in the upper abdomen and gastrointestinal 

tract increase the risk of postoperative sepsis, abscess formation, collections or lymphocysts. Computed 

tomography appears to be the most appropriate imaging modality to clarify symptoms of sepsis in a 

surgical patient. Ultrasonography is an easy and safe technique for image guided drainage of postsurgical 

collections with high success rates (>80%) and lower morbidity compared to relaparotomy. Close 

cooperation between surgeons and interventional radiologists is required to determine the best modality 

to perform image-guided percutaneous drainage. The success rate of image-guided percutaneous drainage 

is related to the interval between surgery and the onset of the abscess/collection as well as the number 

and septation of abscesses or collections. 

15.2 Urological complications: hydronephrosis, ureteric fistulas, nephrostomies 

The two major urological complications after gynecological oncologic surgery are urinary leaks/ fistulas 

and ureteric obstruction, mostly located at the ureterovesical junction. Pre- or intra-operative ureteric 

stenting has been shown to be associated with significantly lower urological complication rate especially 

in relapsed surgery and/or cases with preexisting hydronephrosis, even though the routine use of stents 

is not associated with a decreased risk of ureteral injury. They may make ureteric injury easier to detect 

intraoperatively by assisting with visualization and palpation of the ureters430. The most commonly used 

stent types include internal double-J (JJ) stents and externally draining percutaneous stents (PC). A small 

number of retrospective studies compared the outcomes of JJ stent versus PC stent placement in 

gynecological oncology surgery. All these studies support the use of a JJ stent, in terms of decreased 

urological complications, when compared to PC stents. None of these studies revealed a significant 

difference between the two groups in the number of urinary tract infections. These so-called JJ stents are 

placed typically using an anterograde approach through nephrostomy access; however, these need to be 

replaced every 3-6 months due to stent migration, encrustation, obstruction, and infection431. Exchange 

may be performed using a retrograde or anterograde approach, with the former being preferred as the 

anterograde approach requires nephrostomy432. Metallic stents can be considered as an alternative to 

long-term JJ stents and acute complications management of fistulas. The improvement in quality of life, 

reduction in the need to re-admit patients for repeated stent changes and effective maintenance of upper 

tract decompression are some of the benefits of metallic stents plastic stents. Metallic stents employed in 

the past were associated with epithelial hyperplasia and as such, plastic stents are preferred433. Metallic 

ureteric stents are not widely employed mainly due to lack of availability, higher costs as well as the 

complexity of management. Moreover, metallic stents may bean option for management of ureteric 

obstruction caused by chronic strictures434. Nevertheless, the wide acceptance of metallic stents would 

require well-designed clinical studies and long-term follow-up435. 

Identification, careful dissection and careful handling of the ureters during cytoreduction are keys to avoid 

unnecessary ureteric complications. The adventitia of the ureters should be meticulously preserved to 

avoid devascularization and formation of strictures, fistulas and leaks. Ureteric injuries should be repaired 

immediately with the placement of a stent and catheter. Less often anurinary diversion via a nephrostomy 

tube may be necessary depending on the extent of the damage. Ureteric stenting after injury provides 

canalization and may decrease the risk of stricture. Benefit of stents must be weighed against the risk of 

accidentally worsening the severity of the ureteral injury during stent insertion. 

In the event of ureteric transection, immediate reconstruction after mobilization of the ureteric ends and 

spatulation should be performed. End-to-end anastomosis is usually preferred. Ureteric stent placement is 

mandatory to avoid strictures and reduce anastomotic leak rates. The type of primary ureteric repair 
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depends on the distance from the insertion into the urinary bladder; in case of distal injuries close to the 

insertion of the ureter into the bladder (within the distal 2 cm from the ureterovesical junction), a ureteric 

reimplantation would be the preferred method. Even though in earlier years a submucosal tunnel was 

created to prevent reflux, nowadays nonrefluxing reimplantation techniques are usually preferred. When 

ureretic reimplantation cannot be performed without tension due to more extensive damage, we would 

recommend bladder mobilization and its anchoring to the psoas tendon (psoas hitch) as the most 

preferable approach. Placement of an intraabdominal drain is necessary in all these cases.  

Management of ureteric strictures depends on the location and length of the affected segment. A 

percutaneous nephrostomy with delayed repair should be considered if uretericing stent has not been 

effective or not possible. If the nephrostomy does not resolve the urine leak, placement of a periureteral 

drain or immediate surgery with open ureteral repair should be considered to avoid the significant 

complications from uro-peritoneum. Ureteric JJ stents should be preferred compared to externally 

draining ureteric stents to shorten the length of hospital stay. 

A more recent type of ureteric stents, the Allium Bulbar Urethral Stents is a self-expandable, large-caliber, 

round, metal urethral stent designed for urethral strictures treatment has however been suceesfully used 

for endoscopic management of iatrogenic ureteric injuries and or even transections. The stent is 

constructed of a coiled, super-elastic metal alloy (nitinol) and coated with a co-polymer which prevents 

mucosal hyperplasia and encrustations. It has been shown in studies to be an alternative to indwelling 

double J stents and although they are relatively high priced, they appear in some studies to show a 

financial benefit in the long-term; however large scale multicentre randomised evidence is lacking436,437. 

For the adequate prevention of vesicovaginal fistulas the gynae oncology surgeon should ensure to 

adequately mobilize and expose the bladder, in order to provide a tension-free closure of any defects and 

help determine if there is any bladder injury. Bladder defects should be ideally repaired in 2 layers.  

A preventive measure to avoid fistula formation is to avoid placing a suture line over any other suture line, 

such as those of the vagina and colon and to ensure interposition of viable tissue such as connective 

surrounding tissue. Vesicovaginal fistulas should be treated conservatively most commonly with adequate 

drainage via a bladder catheter. Other conservative management options may include:  

• Endoscopic electrofulguration of the fistulous tract 

• Occlusion of the fistulous tract 

Surgical repair should be considered for complex vesicovaginal fistulas or for simple vesicovaginal fistulas 

refractory to conservative management, or due to patient preference/choice of surgical repair depending 

on surgeon experience, location and size of fistula. Options for surgical repair include transvaginal repair 

versus transabdominal repair (open, laparoscopic or robotic depening on intraabdominal situs and patients’ picture and habitus). Postoperative bladder catheterization for at least 10-12 days is also here 

recommended. For bladder repair in case of partial bladder resection or cystotomy, there is no evidence 

that a two layer repair results is less complications than single layer repair' and it is at the discretion and 

expertise of the surgeon to choose the method of closure.  
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Prevention and management of infective and urological 

complications  

Postoperative sepsis, collection, drainage 

• Computed tomography scan is indicated as the best imaging modality in patients with septic 

symptoms and/or clinical symptoms evoking a collection or abscess after debulking surgery 

[III, B]. 

• Postoperative collections or intra-abdominal abscess should be managed with image-guided 

percutaneous drainage as the preferred option to avoid relaparotomy [III, B]. 

Urological complications: hydronephrosis, ureteric fistulas, nephrostomies 

• Use of prophylactic ureteric stents could be considered in patients at high risk for ureteric 

injury such as previous urological operations and/or preexistent hydronephrosis [III, B]. 

• Immediate primary repair is recommended for any iatrogenic ureteric injury recognized 

during surgery [III, B]. 

• In the event of complete ureteral transection, immediate reconstruction after mobilization of 

the ureteric ends and spatulation should be performed. End-to-end anastomosis is usually 

preferred. Ureteric stent placement is mandatory [III, B]. 

• Type of ureteric repair (end to end anastomosis versus reimplantation) depends on the 

distance from the insertion into the urinary bladder [III, B]. 

• For iatrogenic ureteral injuries/fistulas diagnosed postoperatively, ureteric stent insertion or 

urinary diversion via nephrostomy tube is recommended [III, B]: 

o Internal stenting (with or without dilatation) can be performed either retrogradely or 

antegradely through a percutaneous nephrostomy 

o Surgical repair is necessary in cases of failure of conservative management 

• In case of vesicovaginal fistulas we recommend adequate postoperative bladder drainage and 

delay of catheter removal until no contrast extravasation on cystogram is observed 7-21 days 

after leak/fistula diagnosis [III, B].  
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16 Management of bowel related morbidity, prophylactic stoma 

formation and stoma reversal 

16.1 Anastomotic leak after colorectal resection 

Average anastomotic leak rates at ovarian cytoreductive surgeriesare approximately 6% even at a 

restrictive stoma policy438,439. Early recognition of an anastomotic leak translates in lower mortality and 

overall morbidity. Advanced age, multiple bowel resections, low albumin serum levels and/or a short 

distance from the anastomosis to the anal verge have been described in one of the largest analysis of 

anastomotic leak in ovarian cancer patients as the most significant risk factors439. Also, other studies have confirmed that distance from the anal verge ≤7 cm but also previous neoadjuvant chemotherapy were 

associated with an elevated risk for anastomotic leak440.  

A refined and meticulous surgical technique, careful tissue handling, adequate mobilization to achieve 

tension-free anastomosis and sufficient vascularization are keys for any successful and any safe 

anastomosis. Appropriate indication for the procedure itself is also crucial to reduce the risk of 

anastomotic leak. Preoperative oral antibiotics in combination with mechanical bowel preparation have 

been shown to contribute towards a reduced gastrointestinal morbidity. 

Anastomotic leak is the most challenging complication after colorectal resection. In 2010, the 

International Study group of Rectal Cancer defined colorectal anastomotic leakage as the defect of the 

intestinal wall integrity at the colorectal anastomotic site leading to a communication between the intra- 

and extraluminal compartments441. A pelvic abscess close to the anastomosis was also considered 

anastomotic leakage. Not all anastomotic leaks need immediate intervention. The same group classified 

the anastomotic leakage in three groups depending on the need of interventions: 

• Grade A : No active therapeutic intervention 

• Grade B : Active therapeutic intervention but manageable without re-laparotomy 

• Grade C: Requiring re-laparotomy 

Patients with anastomotic leaks frequently show pain, nausea, and fever, primarily if the leak is not 

contained442. The diagnostic tool of choice is the abdominal computed tomography. The presence on the 

computed tomography of extraluminal contrast, free air perianastomotic air, perianastomotic fluid and a 

disrupted staple line are associated with anastomotic leak443. However, the sensitivity of the computed 

tomography is lower than 70%. A negative computed tomography does not rule out entirely a leak and 

may worsen the outcome of an undiagnosed leak or perforation444. The C-reactive protein and the 

procalcitonin have been proven very useful in discovering a potential leak, specifically between 

postoperative days three and five445. In some cases an endoscopic exam could be useful to check the 

integrity of the anastomosis.In view of the uncertainty of imaging to exclude an anastomotic breakdown it 

is critical to use all the available data (biochemical, clinical) to verify that the patient is advancing 

correctly and for ruling out a leak. Patients with suspected sepsis or unstable (Grade C) should be 

managed rapidly by intervention. 

Colorectal anastomotic leaks without associated extensive peritonitis and critical clinical picture may be 

managed conservatively by keeping the patient nil by mount and introducing parenteral nutritional 

support, broad-spectrum antibiotics, and percutaneous drainage. Surgery may be necessary in patients 

with continuing leakage of enteric contents or lack of clinical improvement following drainage. Various 

techniques have been described: repairing the anastomosis and perfoming a protective stoma proximally 

to the anastomotic site, taking down the anastomosis with end colostomy/ileostomy after stapling of the 

distal anastomotic end. A further option might be damage control surgery where the perforated bowel 

segment is resected and the 2 bowel segments proximaly and distally to the anastomosis are left as blind 
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loops in situ and reanastomosed after improvement of the local peritonitis and clinical picture a few days 

later. Novel transanal endoscopic approaches help to manage anastomotic leaks in stable patients: coated 

stents, endoluminal staples, endo-sponges, and lately, transanal endoscopy to place sutures on the defect. 

Intraoperative placement of abdominal drainsis based on the notion that they reduce perioperative fluid collections and simulate “an eye” in the abdominal cavity for the early detection of complications, such as 
bleeding or anastomotic leakage444. In a prospective randomized study by Merad et al., in 712 patients that 

underwent bowel surgery, the authors assessed the intraoperative need for drain placement in the 

abdominal cavity446. A total of 314 patients had a drain placement and 391 did not, with the anastomotic 

leaks being 4.8% and 5.1%, respectively and so not statistical significantly different between the two 

arms. Therefore, in cases of low anterior resections, drain placement should be indicated based on the entire tumor dissemination, ascites and procedures performed and also on the surgeon’s discretion, but 
not with the aim to prevent or reduce anastomotic leaks.  

Intraoperative fluorescence angiography with indocyanine green has been shown to be a safe tool for 

assessing anastomotic rectal perfusion after rectosigmoid resection and anastomosis, associated with a 

reduction of anastomotic leakage rates following colorectal surgery for cancer reaching low anastomotic 

leak rates of 1.5%447,448. Two meta-analyses showed that indocyanine green fluorescence angiography was 

associated with a lower anastomotic leakage rate after colorectal resection449,450. The value of this 

technique should be assessd in randomized trials in patients undergoing ovarian cancer debulking 

surgery. 

16.2 Stoma placement 

Previous treatment with bevacizumab, multiple bowel resections, extended operating time and intra-

operative red blood transfusion have been shown to be associated with diverting ileostomy formation444. 

An ileostomy at the time of cytoreductive surgery for advanced stage ovarian cancer has been shown to 

negatively affect survival, but this might be also just due to the bias of retrospective studies, where higher 

tumor burden patients with less favorable oncologic prognosis required higher ileostomy rates446. Even 

though diverting stomas are a low-risk surgical procedure from a technical stand point they carry substantial postoperative morbidity that can greatly hamper patients’ quality of life and recovery. For that 
reason, the risks of a diverting loop ileostomy may outweigh its benefits and should not be routinely 

performed to prevent rectal anastomotic breakdown443. 

There are no prospective randomized trials to assess the value of protective stoma formation after 

colorectal anastomosis especially in ovarian cancer patients. So, most of our prospective randomized 

experience is extrapolated from studies on patients with colorectal malignancies. A prospective 

multicenter study of 2,729 patients undergoing low anterior resection for low rectal carcinoma, has 

demonstrated similar anastomotic leak rates in patients with versus without a stoma: 14.5 versus 

14.2%451. However, patients with a protective stoma formation required significantly lower surgical 

interventions due to anastomotic leak: 3.6 versus 10.1% and had a lower mortality; 0.9 versus 2.0%. Data 

from a meta-analysis of four randomized trials including 358 rectal cancer patients showed that 

protective stoma formation could significantly reduce anastomotic leaks after low anterior resection, 

resulting in significantly fewer reoperations for leaks452. In a randomized controlled trial of 234 patients 

undergoing a low anterior resection for rectal cancer that was included in the meta-analysis, the rate of 

anastomotic leakage with a protective stoma was significantly lower compared with no protective stoma 

in both men and women453. 

Nevertheless, in all these colorectal cancer studies, the anastomotic leak rates in the patients without a 

protective stoma was with 14-29% significantly higher than the 6% anastomotic leak rate described in 

ovarian cancer patients and so attempts to reduce that with a protective stoma formation seem justified. 

To adopt however these strategies of routine stoma formation also to patients with ovarian cancer who 

appear to have much lower risk and incidence of anastomotic leak, needs careful consideration, especially 
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in view of the morbidity associated with bowel stoma such as herniation, electrolyte dysbalance etc. The 

lower incidence of anastomotic leak in ovarian cancer patients compared to colorectal cancer patients 

may be attributed to the fact that the anastomosis is usually higher after adequate mobilization of the en 

bloc pelvic package, patients are not previously irradiated and also the anatomy of the female pelvis is 

wider and shallower compared to the male pelvis454. Especially now, where most ovarian cancer patients 

are treated with maintenance regimens after completion of their cytotoxic treatment, such as 

antiangiogenetic agents; the reversal of any protective stoma appears challenging in terms of timing, since 

many of these maintenance treatments would have to be interrupted. 

Morbidity rates following the creation of loop ileostomy were significantly decreased compared with loop 

colostomy at the cost of a risk for dehydration455,456. There is increasing literature regarding the possible 

role of ghost ileostomy in ovarian debulking procedures444. High-risk patients such as those with low 

colorectal anastomoses, previous radiotherapy, technically difficult resections, abscess/infections in the 

pelvis, malnutrition and frailty seem to obtain the greatest benefit from fecal diversion. Appropriate 

support for patients following stoma reversal but also optimal preoperative preparation, to foster realistic 

expectations and subsequent adaptation are strongly encouraged453.  

16.3 Stoma reversal 

Reversal of temporary stomas is associated with significant complications, which can be minimizing by 

optimizing timing of closure and evaluating anastomotic integrity prior to stoma closure. A relevant 

number of patients are at risk of remaining with a permanent stoma after a bowel diversion, and therefore 

patients should be preoperatively informed of this possibility. There is no definition of the optimal time of stoma closure. This depends on multiple factors such as the patient’s profile, targeted maintenance 
therapies planned and their impact on wound healing such as bevacizumab, integrity and risk factors of 

the actual anastomosis etc. Early closure of loop defunctioning ileostomy in patients undergoing distal 

colorectal resections is feasible with comparable outcomes to delayed closure457. A large meta-analysis 

has demonstrated that early stoma closure is asafe and feasible therapeutic approach in patients who 

have undergone colorectal surgery; early stoma closure was associated with reduced bowel obstruction 

but a higher wound complication rate458.  

Incisional hernia of the previous stoma site appears common and frequently required surgical correction 

(6%)459. Insertion of a mesh to prevent incisional hernia has doubtful role and may cause 

complications/challenges in case of peritoneal carcinosis and future cytoreductive surgery460-462. There 

has been described significantly lower prevalence of sepsis, prolapse, parastomal hernia and hospital stay 

after loop ileostomy compared toloop colostomy463,464. Also, patients with colostomies demonstrated 

significantly more complications related to stoma reversal, such as wound infections and incisional 

hernias, than patients with ileostomies. Overall complications related to stoma formation and closure did 

not demonstrate significant differences465. However, patients with loop ileostomy had higher risk of 

electorolyte dysbalances and fluid losses. Further risk factors for surgical site infection are history of 

fascial dehiscence, thicker subcutaneous fat, colostomy, and Caucasian ethnicity466. In colorectal studies, 

9% of patients who underwent a stoma reversal suffered a major complication requiring return to 

theatre467. The best available evidence demonstrates that the skin pursestring closure technique has 

significantly fewer surgical site infections and better cosmetic outcomes following stoma reversal than the 

conventional primary closure technique465,468,469. Laparoscopy may be an option to implement the hernia 

repair at the time of stoma closure470. 
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16.4 Quality of life and low anterior resection syndrome 

Low anterior resection syndrome is a common serious, long-term complication observed in patients after 

low anterior resection471-474. Low anterior resection syndrome comprises a collection of intestinal 

dysfunction symptoms, such as diarrhea, fecal incontinence (gases or stool), increased bowel movements 

and frequencies of defecation, fecal urgency, constipation and incomplete emptying or accumulation of 

intestinal gases471-474. The prevalence of major low anterior resection syndrome - described to impair 

patient's quality of life - is almost 40%474. Low anterior resection syndrome prevalence is stable 

irrespective of time interval between surgery and its evaluation. Multiple bowel anastomoses increase the 

risk for developing major low anterior resection syndrome. Potential therapeutic options for patients 

diagnosed with low anterior resection syndrome comprise medical treatment options (e.g. Loperamide 

Hydrochlorid, 5-HT3 antagonists), local supportive strategies (e.g. transanal irrigation, pelvic floor 

rehabilitation), as well as surgical treatment options (e.g. sacral nerve stimulation)471. Diet modifications 

include intake of probiotics, adopt small frequent meals, plenty of fluids, avoid caffeine and alcohol, eat 

foods high in soluble fiber and use of fiber supplements, avoid lactose products in those who do not 

tolerate milk products etc. Of note, all of these modalities are based on individual physician's and patient's 

preference and severity of symptoms as none of these treatments has been evaluated in high-quality 

prospective studies. 

Management of bowel related morbidity, prophylactic stoma 

formation and stoma reversal 

Prevention and management of anastomotic leak 

• Routinely applied protective stoma formation is not recommended to reduce risk of 

anastomotic leak in ovarian cancer patients with colorectal resection [III, B]. 

• Postoperative fasting does not prevent anastomotic leak and should not be recommended 

[III, B]. 

• Treatment of patients with gastrointestinal anastomotic leak should be assessed for 

conservative treatment with radiological and endoscopical interventional techniques if 

stable and appropriate. Those patients with extensive peritonitis through bowel content 

should be managed with reoperation, lavage, and repair and/or diversion [II, B]. 

• Endoscopic therapies, including self-expanding metal or covered stents, clips, glue, 

suturing, (alone or in combination), VAC systems could be considered as part of the 

management of gastrointestinal leak [III, C]. 

• Patients without symptoms but wih incidentally detected small leaks/fistulas may be 

managed expectantly with close surveillance [III, C]. 

Stoma reversal and care 

• Early versus delayed stoma reversal show comparable outcomes and timing should be 

chosen depending on patients-, surgery- and treatment related factors [III, B]. 

• Support by a dedicated stoma care team is recommended [V, B].  
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17 Antibiotic/microbiologic management and post-splenectomy 

management 

17.1 Perioperative antibiotic prophylaxis 

Optimal timing for administration of surgical antibiotic prophylaxis 

Surgical antibiotic prophylaxis aims to the prevention of infectious complications through administration 

of an antimicrobial agent before exposure to bacterial contamination during surgery54. Administration is 

therefore recommended to occur before the surgical incision. The half-life of the antibiotic, the underlying 

condition(s) of the individual patient (eg, body mass index, or renal or liver function), the time needed to 

complete the procedure and the protein binding ofthe antibiotic should be considered for timing, since 

successful prophylaxis requires delivery of the antimicrobial agent in effective concentrations to the 

operative site intravenously at the appropriate time to ensure adequate serum and tissue concentrations 

during the period of potential contamination475. Aim is the shortest effective period to minimize adverse 

effects and emergence of antibiotic resistance. 

Low-quality evidence showed that the administration of surgical antibiotic prophylaxis after incision was 

associated with a significantly higher incidence of surgical site infection compared with administration 

before incision476-488. Moderate quality evidence showed that administration earlier than 120 min before 

incision was associated with a significantly higher prevalence of surgical site infection compared with 

administration within 120 min. Further comparisons of administration within 60 min before incision 

compared with 60-120 min, or within 30 min before incision compared with 30-60 min, showed no 

significant differences in the reduction of surgical site infections. On the basis of the available evidence, a 

more precise timing within this 120 min preoperative window before incision cannot be exactly defined. 

In general, administration should be closer to the incision time (<60 min before) for antibiotics with a 

short half-life, such as cefazolin and cefoxitin, and penicillins in general.  

Postoperative routine surgical antibiotic prophylaxis 

The preventive effect of the routine use of surgical antibiotic prophylaxis has long been recognized. 

However, the necessary duration of surgical antibiotic prophylaxis to achieve the desired effect has been a 

matter of debate. Most guidelines recommend maximum postoperative surgical antibiotic prophylaxis 

duration of 24 h, but increasing evidence shows that using only a single preoperative dose (and possible 

additional intraoperative doses depending on the duration of the operation) might be non-inferior. 

Despite this, surgeons still often routinely continue surgical antibiotic prophylaxis up to several days after 

surgery, which leads to serious concerns for the risk of antibiotic resistance. 

A systematic review investigated whether prolonged surgical antibiotic prophylaxis in the postoperative 

period is more effective in reducing the risk of surgical site infections than perioperative prophylaxis 

(defined as a single dose before incision and possible intraoperative additional doses according to the 

duration of the operation)489. In total 69 randomized controlled trials were reviewed investigating the 

optimal duration of antibiotic prophylaxis in a variety of surgical procedures. The overall meta-analysis 

which pooled studies using any prolonged surgical antibiotic prophylaxis regimens, showed no benefit in 

terms of reducing the surgical site infection incidence compared with a single dose of antibiotic 

prophylaxis.  

17.2 Post-splenectomy management 

Ovarian cancer patients post-splenectomy are at a lifelong high risk for overwhelming infections with 

encapsulated bacteria (eg, Streptococcus pneumoniae), bloodborne parasites, and other infections that the 

spleen plays an important role in controlling. Key components of care for preventing such infections 

include patient and family education, vaccination against encapsulated bacteria and influenza, and low 
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threshold for antibiotic prophylaxis490,491. Especially patient education has been associated with decreased 

rates of severe infections492. 

Post-splenectomy vaccination protocols 

For protection against S.pneumoniae (pneumococcus), H. influenza type b, and N.meningitidis 

(meningococcus), ovarian cancer patients who have undergone splenectomy as part of their debulking 

require the following post-splenectomy vaccinations approximately 2 weeks after surgery (Table 

1)491,493,494. In regards to the timing with systemic chemotherapy; any vaccination should occur outside of 

the chemotherapy nadir which is usually expected 7-12 days post chemotherapy. 

 
 

The 13-valent pneumococcal conjugate vaccine (PCV13) followed by the 23-valent pneumococcal 
polysaccharide vaccine (PPSV23) ≥ 8 weeks later. This should be repeated in 5 years.  
 

 

The H. influenzae type b vaccine (Hib). No need for revaccination booster. 
 

 

The quadrivalent meningococcal conjugate ACWY vaccine series (MenACWY). This should be repeated 
in 5 years. 
 

 

The monovalent meningococcal serogroup B vaccine series (MenB-4C or MenB-FHbp). 
 

 

Table 1. Post-splenectomy vaccination protocols 

In addition to these vaccinations, post splenectomy patients should receive all routinely recommended 

age-appropriate vaccinations, including the annual vaccination against seasonal influenza virus, due to the 

increased risk of infection with S. pneumoniae. Splenectomy alone is not a contraindication for any other 

vaccination, including live vaccines. However, if additional immunocompromising conditions such as 

hematologic malignancies, immunosuppresion under chemotherapy or HIV infection co-occur and can be 

contraindications to especially live vaccines.  

Antibody responses to vaccination appear to be sufficiently protective in most post splenectomy patients 

but may be lower than in healthy persons495. In order to optimize the immune response, vaccinations 

should occur at least 2 weeks, and ideally 10 to 12 weeks, prior to splenectomy when possible. However, 

to realise this preoperative time frame in ovarian cancer patients is most of the times not feasible. 

Furthermore, due to the fact that we cannot predict with accuracy whethera splenectomy will be part of 

the debulking or not; most patients who will have had a splenectomy will end up being vaccinated rather 

two weeks after surgery and not before. Even in patients with clear splenic involvement at imaging, the 

spleen may not be removed if the rest of the disease is for example not fully operable and so the surgery is 

abandoned or it is often possible that lesions which are merely abutting the spleen are removed without 

associated splenectomy. Hence, an individualized approach should be followed whether vaccination should be performed before or after the operation, depening on the patients’ profile and tumor 
dissemination patterns.  

Post splenectomy patients should seek immediate medical care in suspect of sepsisor any animal bite. Dog 

bites, in particular, can transmit Capnocytophagacanimorsus, which can be rapidly progressive and fatal in 

patients with impaired splenic function. There are two main approaches regarding antibiotic prophylaxis 

in post splenectomy patients depending on their risk profile: routine daily antibiotic prophylaxis with 

Penicillin V 250 mg twice daily or Amoxicillin 500 mg twice daily or just empiric antibiotic treatment in 

case of fever and infection with Amoxicillin-clavulanate 875 mg/125 mg twice daily. Alternative antibiotic 

agents in case of intolerance or allergy, include Cephalexin, Cefdinir, fluoroquinolones (Levofloxacin) or a 

macrolide (eg, azithromycin or erythromycin). No matter the approach, post splenectomy patients should 

be provided with an emergency supply of antibiotics in case of acute infection, along with appropriate 

education about seeking medical advice when signs or symptoms of infection occur490-496. 
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The need for daily antibiotic prophylaxis and its duration is determined on an individual basis upon 

factors such as patient age, immune status, history of infections with encapsulated organisms, potential 

antibiotic side effects, local prevalence of antibiotic-resistant organisms, and patient values and 

preferences. Even though universal trend is to recommend daily antibiotic prophylaxis to asplenic or 

hyposplenic patients younger than 5 years of age, which of course does not apply in the ovarian cancer 

population, concurrent immunocompromising conditions, or history of sepsis caused by encapsulated 

bacteria, national guidelines vary substantially, since data supporting best practice are limited. The British 

guidelines for example recommend daily antibiotic prophylaxis for high-risk patients such as adults >50 

years old, immunocompromised patients, and/or those with a history of sepsis497. In general an 

individualized decision-making approach is recommended for patients without high-risk features, where 

some experts recommend daily antibiotic prophylaxis only for 1-2 years post splenectomy due to the 

overall decline in incidence of pneumococcal disease493. 

Antibiotic/microbiologic management and post-splenectomy 

management 

Optimal timing for administration of surgical antibiotic prophylaxis 

• Administration of surgical antibiotic prophylaxis is recommended in the 2 hours time 

window before surgical incision, while considering the half-life of the antibiotic [III, A]. 

• Repeat intraoperative dosing of the antibiotic prophylaxis should be performed depending 

on the half-life time of the antibiotic and the duration of the surgery [III, A]. 

Postoperative routine surgical antibiotic prophylaxis 

• A routine prolonged surgical antibiotic prophylaxis after completion of the operation for 

the purpose of preventing surgical site infections is not recommended [III, A]. 

• In case of postoperative complications, antibiotic treatment should be considered 

depending on patients’ clinical picture, biochemistry results, microbiological cultures, and 
previous treatments [III, B]. 

Post-splenectomy management 

• All ovarian cancer patients post-splenectomy should receive vaccinations against S. 

pneumoniae (pneumococcus), H. Influenzae type b, and N.meningitidis (meningococcus) 

approximately 2 weeks after surgery [III, A].  

• Annual vaccination against seasonal influenza virus is strongly recommended in post-

splenectomy patients [III, A]. 

• Patient education regarding higher susceptibility to certain infections is strongly 

recommended in post-splenectomy patients, along with an emergency antibiotic supply in 

case of acute infection [III, A]. 
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18 Postoperative pain management 

18.1 Postoperative analgesia 

Management of postoperative pain is an essential part of the peri-operative care of patients undergoing surgery for ovarian cancer. It is well established that optimal pain management improves the patient’s 
experience and enhances recovery after surgery, for example by facilitating early mobilisation and establishment of enteral feeding, and may reduce the patient’s length of stay. Analgesic techniques 
therefore form a key part of ERAS pathways. 

The use of multi-modal analgesia in open abdominal surgery is well established498. This involves using 

several analgesics which target different nociceptive pathways, with the aim of reducing the requirement 

for opioids and therefore minimising their adverse effects such as reduced gastrointestinal mobility, 

postoperative nausea and vomiting, respiratory depression, sedation and urinary retention.  

18.2 Systemic analgesia 

Paracetamol (acetaminophen) and non-steroidal anti-inflammatory drugs (NSAIDs) are simple analgesics 

which have an opioid-sparing effect and are widely used in ovarian cancer surgery. Appropriate patient 

selection and dosing must be ensured to avoid hepatotoxicity with paracetamol, and nephrotoxicity and 

impaired platelet function with NSAIDs. 

The N-methyl-D-aspartate receptor antagonist ketamine and magnesium may be used for pain relief in 

ovarian cancer surgery. Low dose ketamine has been shown to improve postoperative analgesia and 

reduce morphine consumption in major abdominal surgery, although the anaesthetist must be aware of its 

adverse psychomimetic effects including hallucinations499. Magnesium has also been shown in a meta-

analysis to reduce postoperative pain and opioid consumption in patients undergoing a range of types of 

surgery500. 

Pre-operative administration of gabapentinoids (gabapentin, pregabalin) has been shown in many clinical 

trials to reduce postoperative pain scores and opioid consumption, and there is also evidence that they 

might reduce the risk of development of chronic post-surgical pain501,502. 

The alpha-2 adrenoreceptor agonist clonidine exerts its analgesic effect by reducing central sympathetic 

outflow and noradrenaline release, inhibiting central and peripheral pain pathways, althoughits 

widespread clinical use is limited by hypotension503.  

18.3 Non-neuraxial regional analgesia 

Wound infiltration with local anaesthetic as part of a multimodal analgesia regimen is well described, but 

the main limitation is its short duration of action. In an attempt to prolong the duration of action, 

indwelling catheters that allow continuous infusion of local anaesthetic agents using elastomeric pumps 

have been developed. Wound infusion with local anaesthetic has been shown to produce a small reduction 

in pain intensity in patients undergoing gynaecological and obstretic surgery compared to placebo504. 

The transversus abdominal plane block is a widely used technique in which local anaesthetic is placed 

bilaterally in the musculofascial plane between the internal oblique and transversus abdominis muscles, 

providing analgesia to the anterior abdominal wall from T10 to L1505. As transversus abdominal plane 

blocks only provide analgesia below the umbilicus, subcostal and rectus sheath blocks are adjuncts which 

can cover the upper abdomen. One major weakness of abdominal wall blocks is their short duration 

following a single injection of local anaesthetic; this may be prolonged with the use of infusion catheters. 

In an attempt to prolong the duration of action of local anaesthetic drugs, liposomal bupivacaine has been 

developed which provides slow, sustained release of bupivacaine from multivesicular liposomes. 
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However, a recent review of 76 randomized controlled trials did not provide evidence to support the 

routine use of liposomal bupivacaine over standard local anaesthetics506. 

18.4 Epidural/intrathecal analgesia 

Epidural analgesia 

Thoracic epidural analgesia remains the gold standard in patients undergoing major open abdominal 

surgery. It is well established that epidurals provide superior analgesia compared to systemic opioids for 

the control of postoperative pain, provided they are correctly inserted and managed507,508. In addition, 

epidural analgesia may reduce pulmonary, cardiovascular and gastrointestinal complications after 

abdominal surgery509. A systematic review of epidural analgesia compared to systemic opioid-based 

analgesia in patients undergoing surgery showed that epidurals not only provided superior pain relief, but 

reduced the risk of respiratory depression, pneumonia, atrial fibrillation and supraventricular 

tachycardia, there was a decreased incidence of postoperative ileus and postoperative nausea and 

vomiting, accelerated return to normal bowel function, and mortality was reduced510. Perioperative 

epidural use has also emerged as a potential prognostic factor in solid tumour malignancies. Epidural 

analgesia is thought to blunt the neuroendocrine and metabolic stress response to surgery, leading to 

decreased pro-tumorigenic cytokine and catecholamine release. In a retrospective analysis, Tseng et al. 

showed that perioperative epidural use in patients undergoing primary debulking surgery for advanced 

ovarian cancer was associated with improved progression-free survival and overall survival511. There are 

no prospective data validating this overall survival improvement.  

A continuous epidural infusion of a mixture of low dose local anaesthetic and lipophilic opioids provides 

better analgesia than local anaesthetic alone507. Thoracic epidural analgesia should be initiated before 

surgery and continued in the intra- and postoperative period for up to 72 hours. Postoperative support 

from a dedicated acute pain team is important to troubleshoot issues and improve the efficacy of 

analgesia. 

Epidural analgesia may be associated with adverse effects during the perioperative period. The most 

common problem is failure of the epidural as a result of incorrect placement, epidural catheter migration 

and/or suboptimal management512. Popping et al. found that this occurred in about 1 in 15 patients510. 

Hypotension from sympathetic blockade may require increased fluid administration and/or require the 

use of vasopressors, motor block may delay mobilisation of the patient postoperatively and there is also a 

risk of urinary retention and pruritus. Although catastrophic permanent neurological complications such 

as vertebral canal haematoma and abscess formation are well described they are extremely rare513. 

A retrospective cohort study of 2,035 patients conducted using the American College of Surgeons' 

National Surgical Quality Improvement Program database, to identify the rate of postoperative 

complications after the use of epidural analgesia in women undergoing hysterectomy for gynecologic 

malignancy showed that the rate of 30-day complications and length of stay was higher for those women 

who received epidural analgesia, although there was no difference in 30-day mortality514. Specific 

complications that were higher in the epidural group included: blood transfusion, wound disruption, 

surgical site infection, and delay in return of bowel function. Hospital length of stay was significantly 

longer, and readmissions were higher, in the epidural group compared to the no-epidural group, although 

there was no difference in 30-day mortality. The authors concluded that although epidural analgesia can 

provide a number of benefits when used for postoperative analgesia, the possible association with 

increased 30-day morbidity and hospital length of stay needs to be considered.  
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Intrathecal analgesia 

Intrathecal or spinal analgesia is an effective and technically simple method of postoperative analgesia 

with a relatively low complication rate513. Single-dose intrathecal morphine has been shown to produce 

effective analgesia following open abdominal surgery including for gynaecological malignancy and may 

reduce postoperative intravenous opioid requirements by up to six times515-519. 

In addition to the analgesic effect, spinals have been shown to reduce the neuroendocrine and metabolic 

stress response to surgery, but only for the duration of the local anaesthetic520. Spinal analgesia has a 

lower side effect profile than epidural analgesia. For example, the patient is at less risk of postoperative 

hypotension from the sympathetic block induced by continuous epidural analgesia and may therefore 

require less intravenous fluids and/or vasopressors peri-operatively, and since the motor block wears off 

more quickly, the patient may be mobilised sooner after surgery519. A study showed that length of stay 

following open gynaecological cancer surgery was significantly shorter following use of a single dose of 

intrathecal morphine compared to epidural analgesia518. However, as intrathecal analgesia is a single 

injection technique, it has a shorter duration of action compared with epidural analgesia and the patient is 

likely to require systemic opioids in the postoperative period. 

Commonly-used doses of intrathecal opioids are 300-500 µg diamorphine or 100-150 µg preservative-free 

morphine. The main concern of using intrathecal opioids is delayed respiratory depression (12 hours for 

diamorphine and 24 hours for morphine). Similar standards of monitoring of sedation and respiratory 

rate should therefore be used as for a patient using a patient-controlled analgesia pump. 

Postoperative pain management  

• A multi-modal approach to postoperative analgesia including systemic and regional 

techniques should be used forovarian cancer surgery [III, B]. 

• There is evidence that epidurals provide benefits in addition to analgesia and these should 

be considered [I, B]. 

• Prolonged use of opioids is not recommended [III, B]. 
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19 Perioperative thromboprophylaxis (pharmacological and 

mechanical) and management of postoperative 

thromboembolic events 

To reduce and counterbalance the risks of thromboembolic events and bleeding, physicians must be 

aware of the distinct pharmacologic aspects of the different anticoagulants and antiplatelet drugs. 

Antiplatelet drugs belong to three different pharmacologic groups: (1) acetylsalicylic acid (aspirin), (2) 

thienopyrimidines (clopidogrel, prasugrel, ticlopidine) and (3) GPIIbIIIa-antagonists (abciximab, tirofiban, 

eptifibatid). Aspirin has a serum half-life of less than 12 hours but irreversibly inhibits the enzyme 

cyclooxygenase of thrombocytes, permanently affecting their ability to synthesize thromboxan A2 and 

thus leading to an irreversible thrombocytic dysfunction. 50 to 75 mg aspirin is sufficient for a full 

antithrombotic effect. Recovery occurs about 7 days from the moment aspirin is stopped which is the time 

required for a sufficient production of new thrombocytes. While different NSAIDs can also affect 

thrombocyte function by interacting with their enzyme cyclooxygenase; their effect is reversible and 

limited by their half-life. Thienopyrimidines inhibit the ADP-mediated thrombocyte activation with a 

latency of hours and their effect usually decays within 5 days. GPIIb/IIIa-inhibitors inhibit the interaction 

of thrombocytes and fibrinogen which is the final step of thrombocyte activation. This is a reversible effect that decays with the substance’s half-life. 

On the plasmatic side of coagulation, warfarin and other vitamin K antagonists (VKA) inhibit the -
carboxylation of different coagulation factors (II, VII, IX,X) and of anticoagulatory acting proteins (C, S, Z). 

In the initial phase of an anticoagulant treatment using VKA, there is an increased risk of thrombotic 

events due to the shorter half-life of protein C as compared to the half-life of factor II (50 hours). 

Moreover, due to the 50-hour half-life of factor II, VKA need some days to establish their full 

anticoagulatory effect, while INR values increase more rapidly due to an earlier decrease of factor VII 

levels. The individual half-life of different VKA affect the time for recovery of a patient’s full coagulation 
potential from the moment that VKA are stopped. The range is between 3 to 5 days for warfarin and 5 to 7 

days for phenprocoumon, but there is high interindividual variability. 

Unfractionated heparin (UHF) and low-molecular weight heparins (LMWH) mainly inhibit coagulation by 

potentiating the ability of antithrombin III to covalently bind and inactivate activated thrombin (IIa) and 

factor Xa, thus inhibiting thrombin-formation and the thrombin-mediated final step of coagulation: the 

transformation of fibrinogen to fibrin. Unfractioned heparin (UFH) predominantly acts via factor IIa; has a 

short half-life of 1-2 hours but a difficult to predict dose-effect relation requiring dose monitoring by 

aPTT-measurement. It is inactivated by enzymatic degradation in the liver. Therapeutic doses (100 

units/kg followed by 15-20 units/kg/h) are usually given intravenously and should result in a target 

aPTT-increase of about 100 to 150%. Prophylactic doses of UFH can be administered subcutaneously. Established regimens are 7,500 units twice daily or 5,000 units given every 8 hours. LMWH’s have a more 
predictable anticoagulatory effect that involves mainly factor Xa; are administered subcutaneously in a 

fixed dose regimen in prophylactic, half-therapeutic and therapeutic doses, are (partially) eliminated from 

circulation by renal filtration, resulting in substantial accumulation in patients with renal impairment, and 

affect aPTT-measurements to a lesser degree. All these effects vary considerably between the different LMWHs and greatly depend on the LMWH’s weight distribution curve. 
DOACs act similarly to LMWHs, but bind directly to either factor Xa (rivaroxaban, apixaban, edoxaban) or 

IIa (dabigatran). Their mode of action is reversible, bypassing the need of antithrombin III for factor Xa or 

IIa inactivation, respectively. Anticoagulatory properties are reached within 2 to 3 hours after oral 

administration. aPTT and PT measurements are not useful to monitor the anticoagulatory effect, but the substances’ predicable dose/effect relation makes monitoring dispensable in almost all situations. The 
half-life of dabigatran, rivaroxaban, apixaban and edoxaban is 7 to 14 hours, which is about 4-times longer 

than that of LMWHs (2-4 hours). Dabigatran is eliminated via the renal pathway by 80%, hence it is that 

only DOAK that requires a dose reduction when the creatinine clearance is less than 50 ml/min, while its 
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use is contraindicated in patients with a creatinine clearance below 30 ml/min. Rivaroxaban, apixaban 

and edoxaban are eliminated to a lesser degree via the renal pathway, and so can be safely administered 

till a creatinine clearance of 15 ml/min. As opposed to LMWH, DOACs carry no risk of heparin-induced 

thrombocytopenia.  

19.1 Prophylactic anticoagulation in routine patients without thrombophilia or 

previous thrombosis 

Abdominal surgery for cancer carries a high risk of venous thromboembolism and two double-blind, 

multicenter, placebo-controlled trials in patients undergoing planned curative open surgery for abdominal 

or pelvic cancer analyzed the optimal duration of postoperative thromboprophylaxis. In the prospective 

randomized phase III ENOXACAN II trial, patients received 40 mg enoxaparin daily for 6 to 10 days and 

were then randomly assigned to receive either enoxaparin or placebo for another 21 days521. A total of 

332 patients were included. VTE rates at the end of the double-blind phase were 12% in the placebo group 

and 4.8% in the enoxaparin group. The difference persisted at three months. There were no significant 

differences in the rates of bleeding or other complications during the interventional or follow-up periods. 

The FAME-study evaluated the efficacy and safety of thromboprophylaxis with 5,000 IU dalteparin 

administered for 28 days after major abdominal surgery compared to 7 days treatment. The first dose of 

dalteparin was administered on the evening prior to surgery, or a reduced dose of 2,500 IU was 

administered 2 hours prior to surgery and repeated 12 hours later. A total of 427 were randomized, and 

343 reached an evaluable endpoint. The cumulative incidence of VTE was reduced from 16.3% with short-

term thromboprophylaxis to 7.3% after prolonged thromboprophylaxis. Bleeding events were not 

increased through prolonged thromboprophylaxis522. Even though no prospective randomized trials exist 

to compare pre- versus postoperative start of prophylactic anticoagulation, most randomized trials have 

started anticoagulation with LMWH the night before surgery. For that reason, most experts initiate 

prophylactic anticoagulation with LMWH the night before surgery. 

A new prospective randomized trial evaluated the safety of DOACs for prophylactic postoperative 

anticoagulation in patients with gynecological cancer523. Postoperative bleeding- and VTE-rates were 

compared between apixaban versus enoxaparin as prophylactic postoperative anticoagulation during a 

90-day follow-up period. Patients received 5,000 units unfractionated heparin sc 30 minutes before 

incision. Postsurgical care included 5,000 units of unfractionated heparin 3 times per day starting 6 to 8 

hours after surgery until patients were deemed safe for randomization by the operating surgeon. 

Randomization had to occur within a maximal period of 7 days postoperatively. Postoperative major 

bleeding events, clinically relevant non-major bleeding and VTE events were an absolute contraindication 

for randomization. If epidural anesthesia was used, randomization occurred 8 hours after removal of the 

epidural catheter. Eligible patients were randomly assigned in a 1:1 ratio to 2.5 mg apixaban twice daily 

for 28 days or 40 mg enoxaparin once daily for 28 days. Four hundred women were enrolled and 

randomized. There were no statistically significant differences between the apixaban and enoxaparin 

groups in terms of rates of major bleeding events and clinically relevant non-major bleeding events. Even 

though the study was underpowered for the prevention of VTE, rates were slightly lower in the apixaban 

group, although the difference was not statistically significant. 

19.2 Mechanical thromboprophylaxis 

Intermittent pneumatic compression devices (IPC), graduated compression stockings (or else elastic 

stockings) and the venous foot pump represent the major mechanical methods of thromboprophylaxis 

and they contribute preventing thrombosis by stimulating the venous flow of the lower extremities and so 

avoiding venous stasis. Meta-analyses of smaller randomized trials of surgical patients across multiple 

specialties, have shown that IPC use is superior to no prophylaxis and to graduated compression 

stockings, and appear to offer additive benefit in combination with LMWH524-528. 
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The largest meta-analysis on 16,164 mostly surgical patients has idenitified IPC as an effective method to 

significantly reduce deep venous thrombosis (DVT) and pulmonary embolism (PE) compared to no 

prophylaxis without, however, any effect on mortality529. The addition of pharmacologic prophylaxis to 

IPC further reduced the risk of DVT, but had no effect on the incidence of PE. In a prospective study with 

682 Korean patients with gastric adenocarcinoma and prophylaxis with IPC combined with LMWH the 

incidence of postgastrectomy VTE after was found to be 0.6% in the IPC + LWMH group, and mechanical 

methods are recommended in current clinical practice guidelines for VTE prophylaxis in high risk cancer 

patients undergoing surgery to improve efficacy over LWMH prophylaxis alone530,531. 

Major challenges with the IPC devices are compliance and appropriate fitting difficulties with common 

errors in their application resulting in lower efficacy. Moreover, IPC are contraindicated in those patients 

with skin leg conditions such as ischemia, skin ulceration etc like in peripheral arterial disease532. Even 

though data about the optimal timing of mechanical prophylaxis are rather scarce, available evidence 

suggests applying the devices just before surgery and to continue until discharge. Occasional interruptions 

are allowed, but they devices should be reapplied when the patient is in seated or supine position524-529,532.  

19.3 Management of high risk patients with previous VTE already on 

anticoagulation (VKA, LMWH, DOACs) 

The optimal perioperative management of patients receiving chronic anticoagulant therapy is anchored 

on four key principles: (1) risk stratification of patient-related and procedure-related risks of venous 

thromboembolism and bleeding, (2) the clinical consequences of thromboembolic or bleeding events, (3) 

pharmacokinetic properties of the various anticoagulantsand (4) whether the risk reduction of VTE by 

bridging procedures outweighs the risk of bleeding increase. Several nationaland international societies 

have developed clinical guidelines to recommend on bridging of VKAs in patients on chronic 

anticoagulation due to previous/ recent VTE533-535.  

Three bridging dose regiments have been studied extensively: (1) A high dose (therapeutic dose) heparin 

bridging regimen involves administering an anticoagulant dose that is similar to that used for the 

treatment of acute VTE (eg enoxaparin 1mg/kg twice daily or 1.5 mg/kg once daily; dalteparin 100 

international units/kg twice daily or 200 international units/kg/day; tinzaparin 175 international 

units/kg/day; IV UFH to attain an aPTT 1.5 to 2 times the control aPTT). A low-dose (prophylactic dose) 

heparin regimen (2) involves administering a dose that is used to prevent postoperative VTE (eg 

enoxaparin 30-40 mg daily; dalteparin 5,000 international units daily; UFH 5,000-7,500 international 

units twice daily and (3) an intermediate-dose regimen of intermediate anticoagulation intensity between 

high- and low-dose regiments (eg enoxaparin 40mg twice daily). Most data are available for the 

therapeutic-dose regimen534. 

Assessing risk for VTE during perioperative interruption of antithrombotic therapy is based largely on 

indirect evidence from studies outside the perioperative setting536-538. There is a clustering of recurrent 

VTE during the first 2 to 3 weeks after the start of any VTE treatment and therefore any dose 

interruptions or reductions during that period are to be strictly avoided unless absolutely necessary536. 

There is no difference in the rates of thromboembolic recurrence in patients with DVT versus PE, but 

recurrence is more likely to be fatal in patients who initially present with PE. Current guidelines of the 

American College of Chest Physicians assume a high recurrence risk in patients with a recent VTE in the 

last 3 months and in patients with VTE in the context of severe thrombophilia (eg protein C, protein S or 

antithrombin III deficiency, antiphospholipid syndrome or multiple abnormalities)534. In these patients, 

heparin bridging at a therapeutic level is recommended. In patients with VTE in the past 3 to 12 months or 

a moderate recurrence risk is assumed allowing heparin bridging at lower than therapeutic dose levels. 

In cancer patients with newly diagnosed VTE, the VTE recurrence risk is 4% to 9% on anticoagulation 

with LMWH at therapeutic levels in the first 6 months with an absolute incidence of about 2% to 4% in the 

first month already539. In patients with proximal deep vein thrombosis and a recent VTE in need of 
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immediate ovarian cancer surgery therefore the use of IVCF should be considered in addition to bridging 

with LMWH or UFH at therapeutic doses. However, in those cases, other non-surgical alternatives such as 

neoadjuvant chemotherapy should be applied wherever possible, to reach a safer window to operate at a 

later time frame to allow anticoagulation to have been effective. Ideally, 3 months should elapse between 

VTE and cancer surgery. 

In contradiction, a prospective cohort study demonstrated that the additional presence of inherited or 

acquired thrombophilia was not a significant predictor of the 3-month cumulative incidence of 

thromboembolism, major bleeding or mortality among chronically anticoagulated patients who had a 

temporary interruption of their chronic anticoagulation to undergo an invasive procedure. This applied 

also to those patients with severe thrombophilia, such as antiphospholipid syndrome540. However, in this 

study the majority of patients had experienced their VTE more than 3 months prior to their procedure. 

Observational studies assessing LMWH bridging at therapeutic doses (i.e. 100 IU dalteparin/kg/twice 

daily) did not find an increased bleeding rate if the last dose of LMWH was given at least 12 hours before 

surgery541,542. However, studies assessing anti-factor Xa levels found a detectable anticoagulant effect at 

surgery in more than 90% of patients who received their last LMWH dose around 12 hours before surgery 

with 34% of patients having still full therapeutic anti-Xa levels543,544. Considering the extensive tissue 

defect of cytoreductive surgery in ovarian cancer, LMWH thus should be stopped at least 24 hours before 

surgery.  

No studies have assessed the timing of interruption of IV UFH before surgery, but the dose-dependent 

elimination half-life of 30 to 120 minutes suggests that an infusion can be stopped 4 to 6 hours before 

surgery545. 

Current guidelines of VTE treatment in patients with cancer suggest the use of LMWH and DOACs over 

VKAs for prolonged anticoagulation530. Most information on the management of patients on DOACs 

undergoing elective surgery and invasive procedures is from clinical trials for patients with nonvalvular 

atrial fibrillation receiving DOACs for stroke prophylaxis. In patients with high bleeding risk procedures 

and intermediate and high thromboembolic risk interruption of DOACs but no bridging with LMWH is 

suggested by guidelines546. Timing of stopping DOACs depends on their half-life; sufficient elimination 

requires 3 to 4 half-lives. The half-life of dabigatran, rivaroxaban, apixaban and edoxaban is 7 to 14 hours, 

which is about 4-times longer than that of LMWHs (2-4 hours). In patients with atrial fibrillation (and a 

glomerular filtration rate (GFR) > 50ml/min when receiving dabigatran) a bleeding risk of 0.9%-1.9% was 

found when apixaban, rivaroxaban or dabigatran were stopped 2 days prior to high bleeding risk 

interventions or 4 days prior to high bleeding risk interventions in patients receiving dabigatran with a 

GFR of 30-50 ml/min (PAUSE-trial)547. 

Postoperative anticoagulation of patients with VTE should follow the recommendations for cancer-related 

VTE with LMWH at a 75% to 100% therapeutic level or DOACs for a total  of 36 months as detailed in the 

section below. 

19.4 Management of high risk patients with previous VTE not anymore on 

anticoagulation and in high risk patients with a thrombophilia but without 

previous VTE 

In patients with a single recent VTE > 3 months but < 12 months ago the VTE might already have been 

cancer-associated and a moderate recurrence risk during ovarian cancer surgery is assumed. 

Perioperative VTE prophylaxis with LMWH at lower than therapeutic doses is recommended by different 

guidelines although clinical evidence is low543. We recommend a postoperative VTE prophylaxis with 

LMWH at at least a 50% therapeutic dose level for 28 days, provided there are no significant risk factors 

for bleeding. 
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In patients with a single recent VTE more than 12 months ago without thrombophilia, prophylactic 

pharmacological anticoagulation similar to routine patients without previous VTE is recommended. There 

is no data indicating that patients with inherited thrombophilia without previous VTE undergoing cancer 

surgery have an increased risk of VTE. These patients also should receive perioperative anticoagulation 

similar to routine patients without thrombophilia and previous thrombosis.  

19.5 Bridging in patients on anticoagulation and/or antiplatelet drugs due to 

cardiovascular comorbidities: atrial fibrillation, biologic or mechanic valve 

replacement in mitral and aortic position, cardiac stents and stroke 

Clinical guidelines recommendingon bridging of VKAs in patients on anticoagulation because of atrial 

fibrillation, valve replacement, cardiac stents and strokes have been addressed by numerous national and 

international societies534,535.  

Nonvalvular atrial fibrillation 

The risk of thromboembolic events in nonvalvular atrial fibrillation is assessed by specific scoring 

systems548,549. Most widely used is the CHADS2-Score, which includes the five predispositions (1) chronic 

heart failure, (2) arterial hypertonus, (3) age > 75 years, (4) diabetes mellitus and (5) previous stroke on a 

6-point scale with one point for each predisposition and two for a previous stroke550. The predicted risk of 

thromboembolic events is between 1.9%/year and 18.2%/year for patients with 0 and 6 points, 

respectively, while a high, moderate, or low risk for arterial thromboembolism and valve thrombosis 

refers to > 10%/year, 5% to 10%/year and < 5%/year.  

Nonvalvular atrial fibrillation, patients receiving VKAs 

The 3-month cumulative incidence of thromboembolism, bleeding, and death among patients with 

nonvalvular atrial fibrillation on chronic anticoagulation therapy with VKA with an intermediate and low 

CHADS2-Score was analyzed in a prospective cohort study of 345 patients with AF that underwent 386 

procedures. Patients receiving LMWH bridging were more likely to have prior thromboembolism and a 

higher CHADS2-Score. Neither bleeding nor TE rates (1.1%) differed by anticoagulant management 

strategy suggesting that it might be safe to temporarily interrupt anticoagulant therapy with VKAs 

without the need of bridging anticoagulation in selected patients551. 

Observational studies including patients at high risk for thromboembolism typically applied bridging of 

VKA with LMWH at therapeutic doses. This bridging regimen was associated with a 1%-2% incidence of 

arterial thromboembolism542,543,551-554. Bridging of high-risk patients with UFH at therapeutic doses was 

associated with a 0% to 5% incidence of arterial thromboembolism, but this data predominantly is based 

on patients requiring anticoagulation because of mechanic heart valves552,555,556. 

The BRIDGE trial addressed the question whether no-bridging would be noninferior to bridging with 

LMWH for the prevention of perioperative arterial thromboembolism in patients with atrial fibrillation on 

chronic anticoagulation with VKA in a randomized, double-blind, placebo-controlled clinical trial557. 

Patients with a recent stroke in the last 3 months had been excluded. After perioperative interruption of 

warfarin therapy, patients were randomly assigned to receive bridging anticoagulation therapy with 

dalteparin (100 IU/kg twice daily) or matching placebo from 3 days before the procedure until 24 hours 

before the procedure and then for 5 to 10 days after the procedure. 1,884 patients were enrolled, with 950 

assigned to receive no bridging therapy and 934 assigned to receive bridging therapy. The incidence of 

arterial thromboembolism was 0.4% in the no-bridging group and 0.3% in the bridging group. The 

incidence of major bleeding was 1.3% in the no-bridging group and 3.2% in the bridging group. The mean 

CHADS2-Score was 2.3 with 38.3% of patients that had a CHADS2-Score of 3 or higher. Only a few patients 

had a CHADS2-Score of 5 or 6. Patients in whom arterial thromboembolism occurred had a mean CHADS2-

Score of 2.6. The median time to an arterial thromboembolism event after the procedure was 19.0 days. 
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The findings impressively show that the perioperative risk of arterial thromboembolism in patients with 

atrial fibrillation during interruption of warfarin treatment has been considerbly overstated and that 

anticoagulation can safely be stopped perioperatively in most patients with a CHADS2 score ≤4. 

Nonvalvular atrial fibrillation, patients receiving DOACs 

Clinical trials for patients with nonvalvular atrial fibrillation receiving DOACs for stroke prevention 

included several patients that required temporary interruption of the study drug due to surgery. The RE-

LY randomized trial compared dabigatran (150 mg or 110 mg twice daily) with warfarin (INR 2.0-3.0) in 

18,113 patients with atrial fibrillation with a median CHADS2-score of 2.1. 4,591 patients required therapy 

interruption for a surgery/procedure and a preprocedural dabigatran interruption protocol had been 

introduced during the trial based on the procedure bleeding risk and patient renal function558. Procedures 

included pacemaker/defibrillator insertion (10.3%), dental procedures (10.0%), diagnostic procedures 

(10.0%), cataract removal (9.3%), colonoscopy (8.6%), and joint replacement (6.2%). The rates of 

thromboembolism and bleeding were 0.5% and 3%, respectively, and were not significantly different 

between the treatment arms. The ROCKET AF trial compared 20 mg rivaroxaban once daily with warfarin 

(INR 2.0-3.0) in 14,264 patients with atrial fibrillation with a median CHADS2-score of 3.4. 2,997 patients 

required therapy interruption for a surgery/procedure559. In most patients, rivaroxaban therapy was 

stopped at least 3 days preprocedure. The median duration of treatment interruption was 5 days. Only 6% 

(N=483) involved bridging therapy. Stroke/systemic embolism rates during the at-risk period were 

similar in rivaroxaban-treated and warfarin-treated participants. Risk of major bleeding during the at-risk 

period was also similar in rivaroxaban-treated and warfarin-treated participants (0.99% versus 0.79% 

per 30 days). The ARISTOTELE trial compared 5 mg apixaban twice daily with warfarin in 18,201 patients 

with atrial fibrillation with a median CHADS2-score of 2.1. 4,692 patients required surgery/procedure560. 

In 62.5% of these the study drug was interrupted. Stroke/systemic embolism rates during the at-risk 

period were similar in both treatment groups. However, patients in whom therapy was interrupted had 

significant lower rates of stroke/systemic embolism and major bleeding than patients who continued to 

receive the study drug. Patients receiving apixaban had similar rates of major bleeding whether or not 

they had treatment interruption. 

The PAUSE trial analyzed the timing of stopping DOACs in 3,007 patients with atrial fibrillation. Apixaban, 

rivaroxaban or dabigatran (patients were required to have a GFR > 50ml/min when receiving dabigatran) 

were stopped 2 days prior to high bleeding risk interventions or 4 days prior to high bleeding risk 

interventions in patients receiving dabigatran with a GFR of 30-50 ml/min. DOACs were resumed the 

second day after the intervention547. The risk for severe bleeding within 30 days was 1.35% for apixaban, 

0.9% for dabigatran and 1.85% for rivaroxaban. 0.16% of patients receiving anticoagulation with 

apixaban, 0.60% of patients on dabigatran and 0.37% of patients on rivaroxaban had an arterial embolic 

event. 

Patients with replaced cardiac valves 

In patients with mechanical cardiac valves anticoagulation greatly depends on the type of valve and 

position. A high, moderate, or low risk for arterial thromboembolism and valve thrombosis refers to > 

10%/year, 5% to 10%/year and < 5%/year risk, respectively, in the absence of anticoagulation. Patients 

receiving oral anticoagulation with VKA with a target INR of 2.5 to 4.5 for valve replacement with the St. 

Jude Medical device showed a linearized incidence of 0.75 thromboembolic events per 100 patient-years, 

of which 0.32% per patient year were minor, 0.15% per patient-year were moderate, and 0.28% per 

patient-year were severe. Thromboembolism following aortic valve replacement was significantly lower 

than after mitral valve replacement561. A meta-analysis of 46 studies including 13,088 patients studied for 

53,647 patient-years found an incidence of major embolism in the absence of antithrombotic therapy of 4 

per 100 patient-years562. With antiplatelet therapy this risk was 2.2 per 100 patient-years, and with 

coumarin therapy it was reduced to 1 per 100 patient-years. Mitral valve replacement increased the risk 

almost twice as compared to the aortic position. Tilting disc valves and bileaflet valves showed a lower 
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incidence of major embolism than caged ball valves. Although not validated prospectively, a high risk for 

arterial thromboembolism and valve thrombosis is assumed for any mechanical mitral valve prothesis, 

any caged-ball or tilting disc aortic prothesis and in all patients with mechanical heart valve replacement 

and a stroke within the recent 6 months. A moderate risk for arterial thromboembolism and valve 

thrombosis is assumed for bileaflet aortic valve prothesis in the presence of at least one more risk factor 

(aterial fibrillation, prior stroke, hypertension, diabetis mellitus, congestive heart failure, age > 75 years), 

while a low risk is assumed for bileaflet aortic valve prothesis without any of these risk factors534. In 

observational studies bridging of high-risk patients with therapeutic-dose UFH IV was associated with an 

incidence of 0-5% for arterial thrombotic events. Bridging of high-risk patients with therapeutic doses of 

LMWH showed an incidence of 1-2% for arterial thrombotic events, and the American College of Chest 

Physicians summarized the recommendations in their current evidence-based clinical practice 

guidelines534. 

Patients on long-term aspirin medication and patients with cardiac stents 

Despite evidence for the benefit ofaspirin for secondary prevention, it is often discontinued in the 

perioperative period due to the risk of bleeding. A randomized, double-blind, placebo-controlled trial 

compared the effect of low-dose aspirin with that of placebo on myocardial damage, cardiovascular, and 

bleeding complications in high-risk patients undergoing non-cardiac surgery563. Aspirin (75 mg) or 

placebo was given 7 days before surgery and continued until the third postoperative day. Twelve patients 

(5.4%) had a major adverse cardiac event during the first 30 postoperative days. Two of these patients 

(1.8%) were in the aspirin group and 10 patients (9.0%) were in the placebo group (p = 0.02). Hence, 

treatment with aspirin resulted in a 7.2% absolute risk reduction for postoperative major adverse cardiac 

events. The relative risk reduction was 80%. Even though the study was not powered to evaluate bleeding 

complications, no significant differences were seen between the two groups.  

An earlier meta analysis of 40,590 patients of whom 14,981 were on long-term aspirin medication prior to 

surgery, found that perioperative continuation of aspirin multiplied the overall bleeding risk by factor 1.5, 

but did not lead to a higher level of the severity of bleeding complications requiring medical therapeutic 

intervention564. 

There are no randomized trials comparing different perioperative management strategies in patients with 

coronary stents and there is substantial uncertainty about whether the potential benefits of continuing 

dual platelet therapy outweigh the likely increased risk for bleeding. Indirect evidence from the non-

perioperative setting indicates that premature discontinuation of dual antiplatelet therapy within 6 weeks 

of bare-metal stent placement or within 3 to 6 months of drug-eluting stent placement, increases the risk 

of stent thrombosis. In a retrospective study of 899 patients with bare-metal stent the frequency of major 

adverse cardiac events was 10.5% when non-cardiac surgery was performed less than 30 days after bare-

metal stent placement, 3.8% when non-cardiac surgery was performed between 31 and 90 days after 

bare-metal stent placement, and 2.8% when non-cardiac surgery was performed more than 90 days after 

bare-metal stent placement565. In 600 surgeries on 481 patients with a mean time from drug-eluting stent 

placement to surgery of 1.1 ± 0.9 years the incidence of stent thrombosis was 2% and the incidence of a 

combined endpoint of 30-day post-operative risk of death, nonfatal myocardial infarction or stent 

thrombosis was 9%. The incidence of the combined endpoint decreased with time during the first 6 

months after drug-eluting stent placement566. However, a single center retrospective trial from the Mayo 

clinic found a major cardiac adverse event rate of about 6% throughout the first year after drug-eluting 

stent placement in a total of 520 patients that underwent non-cardiac surgery within 2 years after drug 

eluting stent placement. Characteristics found to be associated with major cardiac adverse events in 

univariate analysis were advanced age, emergent surgery, shock at time of coronary intervention, 

previous history of myocardial infarction, and continuation of ticlopidine or clopidogrel into the 

preoperative period. The rate of transfusion seemed to be associated with antiplatelet therapy use567. 
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19.6 Management of postoperative VTE events 

There is no difference in the treatment regimens of incidentally detected, asymptomatic VTE (PE or DVT) 

and symptomatic VTE. Patients with cancer-associated VTE are at a substantial risk of thromboembolic 

recurrence and should therefore receive prolonged anticoagulation for at least 6 moths. A benefit/risk 

assessment at least every 3 months is required beyond these initial 6 months in all cancer related VTE. 

Anticoagulation beyond the initial 6 months should be offered to selected patients with still active cancer, 

especially those with metastastatic disease and activetreatment. Anticoagulation regimes include LMWH, 

DOACs or to a lesser degree VKA. 

Patients with cancer have a substantial risk of recurrent thrombosis despite the use of anticoagulant 

therapy using VKA, and several prospective clinical trials evaluated the efficacy of a LMWHs with that of 

VKA in preventing recurrent thrombosis in that setting568-572. The most important ones are the CLOT trial 

using dalteparin at a 75% therapeutic level for a prolonged anticoagulation of six months after initial full 

therapeutic doses of dalteparin for 1 month and the CATCH trial using a full therapeutic dose of tinzaparin 

(175 mg/kg/day) for 6 months569,572. 

In the CLOT trial patients with solid cancers who had acute, symptomatic proximal DVT, PE, or both were 

randomly assigned to receive dalteparin at a dose of 200 IU per kilogram of body weight subcutaneously 

once daily for five to seven days and a coumarin derivative for six months (target international 

normalized ratio, 2.5) or dalteparin alone for six months (200 IU per kilogram once daily for one month, 

followed by a daily dose of approximately 150 IU per kilogram for five months)569. Symptomatic VTE 

occurred in 27/336 patients in the dalteparin group and 53/336 patients in the VKA group. The Kaplan–
Meier estimate of the probability of recurrent thrombosis at six months was 9% with LMWH and 17% 

with VKAs. Both Kaplan-Meier curves showed a plateau after 3 to 4 months with more than 50% of events 

occurring in the first 30 days in the warfarin group and more than 50% events occurring in the first 60 

days in the dalteparin group. All recurrent DVT events were proximal. Of the 53 VTE events in the oral-

anticoagulant group, 20 occurred when the INR was below 2.0. There was no significant difference 

between the dalteparin group and the oral-anticoagulant group in the rate of major bleeding or any 

bleeding. 

The CATCH trial is the largest and most thoroughly planned trial comparing a 1:1 randomized treatment 

of 6 months with tinzaparin (175 mg/kg/day) to 6 months of warfarin with a target INR of 2.0 to 3.0 after 

an initial phase of tinzaparin at a dose of 175 mg/kg/day for 5 to 10 days in 900 patients with 

symptomatic VTE and active cancer572. Patients were stratified according to tumor characteristics, the 

presence of metastasis, recurrent versus first VTE and region. Recurrent VTE occurred in 31/449 patients 

treated with tinzaparin and 45/451 patients treated with warfarin. More than half of the events had 

occurred in the first 60 days of treatment in both groups. There were no differences in major bleeding or 

overall mortality, but a significant reduction in clinically relevant non-major bleeding with tinzaparin.  

LMWH monotherapy for the initial 6 months thus is considered a standard of care for the acute and long-

term management of cancer associated thrombosis with a risk reduction for recurrent VTE of 44% with 

LMWH in the five randomized trials addressing this issue539. Dabigatran, rivaroxaban, apixaban and 

edoxaban became standard of care in the treatment of patients with VTE, but respective licensing trials 

included low numbers of patients with cancer and all used VKA in the comparator arm. However, a 

systematic review and meta-analysis of these trials found a lower VTE relapse rate for patients with 

cancer in the DOAC arms573. 

The HOKUSAI VTE cancer trial was the first noninferiority trial that randomly assigned patients with 

cancer who had acute symptomatic or incidental VTE to receive either LMWH for at least 5 days followed 

by oral edoxaban at a dose of 60 mg once daily or subcutaneous dalteparin at a dose of 200 IU/kg once 

daily for 1 month followed by dalteparin at a dose of 150 IU/kg once daily574. Treatment was given for at 

least 6 months and up to 12 months. Recurrent venous thromboembolism occurred in 41/522 patients 
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(7.9%) in the edoxaban group and in 59/524 patients (11.3%) in the dalteparin group. Major bleeding 

occurred in 36/522 patients (6.9%) in the edoxaban group and in 21/524 patients (4.0%) in the 

dalteparin group. This difference was mainly due to the higher rate of upper gastrointestinal bleeding 

with edoxaban, which mainly occurred in patients with gastrointestinal cancer. 

The SELECT-D trial randomly assigned 203 patients with active cancer who had symptomatic or 

incidental PE, or symptomatic lower-extremity DVT to rivaroxaban (15 mg twice daily for 3 weeks, then 

20 mg once daily for a total of 6 months) or dalteparin (200 IU/kg daily during month 1, then 150 IU/kg 

daily for months 2-6)575. The primary outcome was VTE recurrence over 6 months. Safety was assessed by 

major bleeding and clinically relevant nonmajor bleeding. Twenty-six patients experienced recurrent VTE 

(dalteparin, n = 18; rivaroxaban, n = 8). The 6-month cumulative VTE recurrence rates and the 6-month 

cumulative rates of major bleeding were not significantly different among groups. 

The ADAM-VTE trial randomly assigned 300 patients with cancer-associated VTE to apixaban 10mg twice 

daily for seven days followed by 5mg twice daily for 6 months or dalteparin 200 IU/kg daily during month 

1 followed by 150 IU/kg daily for months 2-6576. 66% of patients had metastatic disease and 74% were 

receiving concurrent chemotherapy. Recurrent VTE was significantly higher in the dalteparin group than 

in the apixaban group. Major bleeding occurred in 0% of 145 patients receiving apixaban, compared with 

1.4% of patients receiving dalteparin. Major bleeding or clinically relevant non-major bleeding rates were 

6% for both groups. 

Initial anticoagulation of patients with cancer-associated VTE thus includes apixaban, rivaroxaban or 

LMWH at therapeutic doses as a safe and effective treatment option based on results of multiple 

randomized clinical trials. Initial anticoagulation should be followed by LMWH at a 75% to 100% 

therapeutic dose level or by apixaban, rivaroxaban or edoxabanfor up to 12 months. There is no role of 

oral anticoagulation using VKA in cancer patients in the first 12 months and only a very limited one 

thereafter.  

19.7 Spinal/epidural anesthesia and anticoagulation 

Concerns exist about the risk of neurological damage from compressive vertebral canal haematoma when 

central neuraxial blockade (spinal or epidural) is performed in a patient receiving antithrombotic drugs. 

Vertebral canal haematoma is a rare but potentially devastating complication and permanent neurological 

injury is likely unless it is rapidly diagnosed and treated. The Royal College of Anaesthetists national audit 

of major complications of central neuraxial blockade showed that the incidence of permanent harm 

fromvertebral canal haematoma was approximately 1 in 20,000 for peri-operative epidurals and 1 in 

140,000 for all types of central neuraxial blockade513. Of the eight reported cases of vertebral canal 

haematoma, seven had received an antithrombotic drug around the time of epidural catheter insertion or removal. A number of countries have developed clinical guidelines to recommend “safe” time intervals 
between antithrombotic drug administration and performing central neuraxial blockade577-579. 

Spinal/epidural anesthesia is not recommended in patients with abnormal clotting or platelet/clotting 

disorders. 

19.8 Indications and contraindications for insertion of an inferior vena cava filter 

The indications of inferior vena cava filter placement have evolved over the last years by becoming more 

restricted due to the well recognized complications and long-term harm effects by an often-questionable 

benefit. Moreover, perioperative inferior vena cava filter placement may be associated with increased risk 

of hematogenous distant metastasis and decreased survival580. For that reason, the most recent ASCO 

guidelines do not recommend the insertion of an inferior vena cava filterwith established or chronic 

thrombosis (more than 4 weeks ago), nor to patients with temporary contraindications to anticoagulant 

therapy such as surgery530. Moreover, there is no role for inferior vena cava filterinsertion for primary 

prevention or prophylaxis of pulmonary embolism or deep venous thrombosis in high risk patients. A 

postoperative color-Doppler ultrasound examination of the lower limbs is rather encouraged in the early 
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postoperative period to assess status of a preexisting thrombus, since 50% of venous thrombo embolisms 

occur within 24 hours after surgery and an overall of 75% within 72 hours581.  

Only two randomized trials have addressed the value of inferior vena cava filter582,583. It was 

demonstrated that in high-risk patients with proximal DVT, the initial beneficial effect of inferior vena 

cava filterfor the prevention of PE gets counterbalanced by an excess of recurrent DVT, without any 

difference in mortality. Furthermore, among hospitalized patients with severe acute PE, the additional use 

of a retrievable inferior vena cava filterdid not reduce the risk of symptomatic recurrent PE at 3 

monthscompared with anticoagulation alone. 

There is no evidence that free-floating thrombi areassociated with a higher incidence of venous 

thromboembolism than thrombi which are adherent to the inferior vena cava. Moreover, most VTE had 

already occurred when the free-floating deep venous thrombosis is detected584. For that reason, there is 

no indication of a routine prophylactic inferior vena cava filter placement in this scenario.  

In patients with a fresh deep venous thrombosis (diagnosis less than 4 weeks, particularly if femoro-

popliteal or iliac) and/or venous thromboembolism, (particularly if symptomatic or with hemodynamic 

impairment or located in proximal pulmonary arteries) and a concomitant clear contraindication of 

anticoagulant therapy such as major bleeding diathesis (e.g., coagulation defects, severe thrombocytopenia [platelet count < 50,000/μl]), hemorrhagic stroke, recent or planned major surgery 
with persistent bleeding risk that cant be postponed, or active bleeding, inferior vena cava filter has a 

value and should be considered585. However, as discussed previously, cytoreductive ovarian cancer 

surgery should be - if possible - delayed in tha setting with the use for example of neoadjuvant 

chemotherapy, to avoid high morbidity in terms of bleeding and thromboembolic events.  

A further accepted indication is aDVT extension/ new VTE or recurrent DVT- without PE -despite 

adequate anticoagulant therapy and appropriate escalation530,586. Due to the increased risk of caval 

thrombosis after inferior vena cava filter implantation, anticoagulation should be resumed in patients 

with an inferior vena cava filter once contraindications to anticoagulation or active bleeding complications 

have resolved587.  

19.9 Types of inferior vena cava filter 

Modern inferior vena cava filter can be classified into two categories: permanent and retrievable inferior 

vena cava filters. Permanent inferior vena cava filters are percutaneously placed intracaval filtration 

devices that trap migrating venous thromboemboli and prevent venous thromboembolism while allowing 

caval flow-through. As opposed to permanent inferior vena cava filters, retrievable inferior vena cava 

filters are designed with features that permit percutaneous removal if and when the risk of VTE resolves. 

It is important to note that all retrievable inferior vena cava filters have FDAand CE approval for 

permanent use. Current retrievable inferior vena cava filters are considered equivalent to definitive ones 

for long term efficacy, and should employed as first option588. A permanent inferior vena cava filter could 

be considered in patients with limited life expectancy or long-term contraindication to anticoagulation. 

The optimal timing for retrievable inferior vena cava filter removal is not always easy to determine. 

Average successful removal rates of 41.6% have been reported. Patients who receive retrievable inferior vena cava filter should be evaluated periodically for filter retrieval within the specific filter’s  retrieval 

window ideally within a multidisciplinary and systematic follow-up protocol to optimize filter retrieval 

rates589. 
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19.10 Value of cava filter implantation in case of lower limb DVT related to tumor 

compression/infiltration 

No evidence is reported in literature. If in the surgical planning the ligation of the iliac veins is expected 

there is no need for inferior vena cava filter implant; however, in the case of a large thrombus extending 

above the lesion into the common iliac and/or vena cava axis, the filter implantation may be considered as 

a reasonable indication, if surgery cannot be delayed, for example via neoadjuvant chemotherapy, till the 

thrombus gets resolved/treated by effective anticoagulation. A multidisciplinary approach is here strongly 

recommended (surgeon, hematologist, and interventional radiologist). 

Perioperative thromprophylaxis (pharmacological and mechanical) 

and management of postoperative thromboembolic events 

Prophylactic anticoagulation in routine patients without thrombophilia or previous thrombosis 

• Patients undergoing cytoreductive surgery for ovarian cancer, without additional risk factors such 

as thrombophilia or prior thromboembolic events, should receive prolonged postoperative 

thromboprophylaxis with LMWH at prophylactic doses for 28 days [I, A]. 

• Perioperative mechanical thromboprophylaxis should be considered in addition to 

pharmacological thromboprophylaxis [IV, B]. 

• Postoperative thromboprophylaxis with 2.5 mg apixaban twice daily for up to 28 days after 

ovarian debulking procedures, could be considered as an equally effective alternative to the 

traditional thromboprophylaxis with prophylactic doses of LMWH in low risk ovarian cancer 

patients [II, A]. 

Management in high risk patients with previous VTE already on anticoagulation (VKA, LMWH, DOACs) 

• In patients with recent VTE in the last 3 months, there is a high risk of VTE recurrence, requiring 

bridging of VKAs with heparin/LMWH at therapeutic doses [IV, B]. 

• In patients with recent VTE in the last 3-12 months, there is a moderate risk of VTE recurrence, 

allowing bridging of VKAs with heparin/LMWH at lower than therapeutic doses, for example in half 

therapeutic dose [IV, B]. 

• Therapeutic doses of LMWH should not be resumed sooner than 48 hours after surgery [III, A]. 

Management in high risk patients with previous VTE not anymore on anticoagulation and in high risk 

patients with a thrombophilia but without previous VTE 

• Patients undergoing cytoreductive surgery for ovarian cancer with a previous VTE who are no 

longer on anticoagulation and patients with non-severe thrombophilia without previous VTE 

should receive preoperative (evening before surgery) and prolonged postoperative 

thromboprophylaxis for 28 days with LMWH at prophylactic doses similar to routine patients 

without thrombophilia or previous thrombosis [V, C]. 

• Patients with severe thrombophilia and previous VTE are already on long term anticoagulation 

and should be managed with bridging as per instructions above [V, B]. 
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Bridging in patients on anticoagulation and/or antiplatelet drugs due to cardiovascular comorbidities: 

atrial fibrillation, biologic or mechanic valve replacement in mitral and aortic position, cardiac stents 

and stroke 

• In patients at high risk for cardiovascular events due to for example previous ischemic heart 

disease, stents, or cerebrovascular disease who are receiving antiplatelet monotherapy with 

aspirin and require ovarian cancer surgery, aspirin should be continued peri- and intraoperatively 

[II, B]. 

• In patients at low risk for cardiovascular events who are receiving antiplatelet monotherapy with 

aspirin, aspirin should be stopped 7 to 10 days before ovarian cancer surgery [III, B]. 

• Surgery under dual antiplatelet therapy is not recommended [IV, C]. 

Management of postoperative VTE events 

• Initial anticoagulation for cancer-associated VTE should be treated with UFH or LMWH at full 

therapeutic doses, or rivaroxaban (15 mg twice daily for 3 weeks) or apixaban (10 mg twice daily 

for 7 days). LMWH is preferred over UFH for the initial 5 to 10 days of anticoagulation in patients 

who do not have severe renal impairment (GFR <30 ml/min) [I, A]. 

• Edoxaban (60 mg once daily starting at day 5), or rivaroxaban (15 mg twice daily for 3 weeks 

followed by 20 mg once daily) or apixaban (10 mg twice daily for 7 days followed by 5 mg twice 

daily) can be used as a safe alternative to 75%-100% therapeutic dose of LMWH for prolonged 

anticoagulation of patients with cancer-associated VTE [I, A]. 

Spinal/epidural anesthesia and anticoagulation 

• At least 12 hours should elapse after the last prophylactic dose of low-molecular-weight heparin 

before performing a spinal or epidural, or removing an epidural catheter [V, A]. 

• Therapeutic doses of LMWH should be discontinued at least 24 hours before performing a spinal or 

epidural, or removing an epidural catheter [V, A]. 

• Low dose aspirin (≤ 100 mg) is not a contraindication for spinal/epidural anesthesia [V, A]. 

Indications and contraindications for insertion of an inferior vena cava filter 

• Routine prophylactic preoperative inferior vena cava filter placement is not recommended in 

patients at high risk for thrombosis such as history of thromboembolism or thrombophilia outside 

of specific indications [III, B]. 

• Retrievable inferior vena cava filters should be employed as first option over permanent ones, due 

to equivalent long-term efficacy and additional option of retrieval [IV, B]. 
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20 Wound considerations/complications 

20.1 Prophylaxis of impaired wound healing 

Common practice for care of surgical incisions inludes typically covering with a dry dressing that is held in 

place by an adhesive for the first 48 hours. This initial postoperative dressing can then be removed, 

provided the wound is dry590. 

Implementation of an established surgical site infectionreduction bundle is recommended to significantly 

decrease surgical site infection rates. A perioperative surgical site infection reduction bundle consisting of 

patient education, preoperative showering (with bar soap or 4% chlorhexidine), intraoperative 

normothermia, perioperative antibiotic administration, 2% chlorhexidine gluconate and 70% isopropyl 

alcohol coverage of incisional area, antibiotic redosing 3-4 hours after incision, sterile closing tray and 

staff glove change for fascia and skin closure, dressing removal at 24-48 hours, dismissal with 4% 

chlorhexidine gluconate, and follow-up nursing phone call, have been shown to significantly reduce 

surgical site infections. The surgical site infections relative risk reduction was 77.6% among ovarian 

cancer with bowel resection, 79.3% among ovarian cancer without bowel resection, and 100% among 

uterine cancer achieving an overall relative risk reduction of surgical site infection of 82.4%591,592. There is 

no evidence to suggest that use of any particular wound dressing over a closed surgical wound has any 

effect on the rate of surgical site infection593.  

A single-centre, single-blind prospective, randomized controlled trial of 456 elective laparotomies found 

demonstrated that a wound irrigation with 0.04% polyhexanide solution reduced surgical site infection 

rate compared with saline irrigation594. Special attention should be given to patients after targeted 

therapies and perform a comprehensive wound healing assessment to prevent and adequately manage 

potential wound healing complications. 

20.2 Wound care in high risk patients 

Frailty, obesity, medical comorbidities such as diabetes and polypharmacy are well established risk 

factors for impaired wound healing post surgery highlighting the need of identifying high risk surgical 

population595,596. Patients with a higher risk profile for wound complications may benefit from a 

prophylactic subcutaneous wound drainage, especially when large potential dead spaces are created (ie, 

extensive sheeth mobilisation for hernia repair) to avoid creation of subcutaneous collections, seromas 

and haematomas that might lead to a wound breakdown597. Still, there is no clear systematic evidence that 

the use of subcutaneous closure for non-cesarean laparotomy reduces the risk of surgical site 

infections598. Meticulous attention to control of subcutaneous bleeding may additionally help prevent 

wound seroma, hematoma, infection or wound disruption, especially in obese patients599-601. 

Closed suction drain systems are preferred in the subcutis since they can achieve lower wound infection 

rate than Penrose wound drain602. While the studies of cesarean section did not show any benefit; the 

series on gynecological surgery is controversial because of several different confounding factors and also 

only a few patients had a gyanecologocal cancer603. A subcutaneous negative-pressure drain prevents 

wound dehiscence following a midline incision in obese patients undergoing extensive cytoreductive 

surgery. In the literature there are at least 3 randomized controlled trials regarding subcutaneous drains 

including both benign and malignant gynecologic patients with controversial results599,604,605. Two 

randomized controlled trials published by Gallup et al. and Cardosi et al. did not show any benefit for the 

drain group contrary to the randomized controlled trial conducted by Panici et al. which showed benefit 

for overall wound complications and hospital stay599,604,605. The drains were removed when the drainage 

was less than 50 ml/day, and the skin was closed by stapler in the former studies in contrast to the study 

published by Panici et al. in which the drains have remained in situ until the daily drainage is less than 20 

ml and the skin is closed by a subcuticular method. A common belief that the drains may increase the 

wound infection is a complete surgical dogma, as demonstrated in several studies606-608. 
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Kim et al. evaluated a mixed group of general gynecologic and oncologic cases, and reported significantly 

better healing with a subcutaneous negative pressure drain in cancer patients603. This superiority 

remained significant after multivariate analysis with a shorter hospital stay. They have proposed that 

closed suction drains may be beneficial for obese advanced stage ovarian cancer patients who underwent 

long and complex surgical procedures. Further evidence investigating the value of negative pressure 

drains after cytoreductive surgery for ovarian cancer, has reported a lower rate of wound infection by 

comparing 163 patients with a drain to 37 women without a drain609. In multivariate analysis, disruption 

and infection were significantly less in the drain group. The drains were remained in situ until the time of 

stitch-out or if drainage was more than 1 ml/24 hr. By using the same methodology for drain placement 

and removal without subcutaneous tissue closure, Chung et al. recently compared 99 patients with a drain 

to 213 women without a drain at ovarian cancer setting610. Although the drain group had worse baseline 

characteristics such as older age, more previous abdominal surgeries, more bowel surgery and higher 

surgical complexity scores, they had more clean wound healing and a lower rate of seroma formation. This 

difference was also significant in multivariate analysis. On the other hand, no significant difference was 

noted for infection, dehiscence, hematoma or reoperation. 

There is only one retrospective study addressing ovarian cancer patients undergoing major cytoreduction 

which showed a benefit for those that had a negative pressure subcutaneous drain versus those that did 

not609. Finally, the SAWHI randomized controlled trial published in 2020 is the only randomized trial 

showing that negative-pressure wound therapy is superior to conventional dressings and achieves better 

wound closure611. 

The vacuum assisted closure is a form of negative-pressure wound therapy and is the application of 

subatmospheric pressure across a wound bed to create an environment that promotes wound healing by 

secondary or tertiary intention. The continuous negative pressure keeps together the edges of the wound 

and removes all the potential infectious agents and fluids, which in turn can lead to contamination of the 

wound. It provides moist environment, increases blood perfusion, accelerates the formation of 

granulation tissue and removes excess exudate from the site of the injury, thus indirectly reducing the risk 

of infection. Although today there is not enough randomized controlled trials to justify the cost of the use 

of vacuum assisted closure in all obese patients with wound complications who undergo major 

cytoreductive surgery, this method may prevent surgical site infection and reduce hospital costs when 

individualized612. This applies particularly for patients who have meshes as vacuum assisted closure has 

been shown to decrease the rates of wound complications613.  

Finally, an algorithm for selecting the cases that will benefit most from vacuum assisted closure should be 

developed and factors as pressure level, dressing type, dressing time intervals and duration of treatment 

should be standardized.  

20.3 Surgical necrotizing fasciitis 

Postoperative necrotizing fasciitis is a rare condition and often challenging to manage due to the usual and 

unexpected rapid onset with rapid progression. It is an aggressive subcutaneous infection that tracks 

along the superficial fascia, which comprises all the tissue between the skin and underlying muscles614. The term “fasciitis” sometimes leads to the mistaken impression that the muscular fascia or aponeurosis is 
involved, but in fact it is the superficial fascia that is most commonly involved615. Prompt recognition and 

optimal timely surgical debridement has been shown to reduce morbidity and improve overall outcome. 

Clinical signs include crepitus, skin discoloration/ necrosis, foul-smelling wound discharge, pain and 

clinical deterioration615,616. The presentation is variable with respect to the etiology, anatomic location, 

and extent of required initial and subsequent debridement, and the manner and complexity of 

reconstruction. The extent of the disease is frequently underestimated at initial presentation. Necrotizing 

fasciitis may involve any or all layers of the skin and soft tissue, including dermis, subcutaneous fat, fascia, 

and muscle, as well as other structures616. The diagnosis may not always be apparent upon first seeing the 

patient. Overlying cutaneous inflammation may resemble cellulitis. However, features that suggest 
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involvement of deeper tissues include (1) severe pain that seems disproportional to the clinical findings; 

(2) failure to respond to initial antibiotic therapy; (3) the hard, wooden feel of the subcutaneous tissue, 

extending beyond the area of apparent skin involvement; (4) systemic toxicity, often with altered mental 

status; (5) edema or tenderness extending beyond the cutaneous erythema; (6) crepitus, indicating gas in 

the tissues; (7) bullous lesions; and (8) skin necrosis or ecchymoses. In the monomicrobial form, the usual 

pathogens are S. pyogenes, S. aureus, V. vulnificus, A. hydrophila, and anaerobic streptococci 

(Peptostreptococcus). Infection with staphylococci and hemolytic streptococci can occur simultaneously. 

There is often a predisposing condition, such as diabetes, arteriosclerotic vascular disease, venous 

insufficiency with edema, venous stasis or vascular insufficiency, ulcer, or injection drug use. The 

mortality in patients with group A streptococcal necrotizing fasciitis, hypotension, and organ failure is 

high, ranging from 30% to 70%617,618. 

Computed tomography or magnetic resonance imaging may show edema extending along the fascial 

plane, although the sensitivity and specificity of these imaging studies are ill defined. In practice, clinical 

judgment is the most important element in diagnosis.  

Surgical exploration is crucial not just for debridement but also for confirmation of diagnosis and to obtain 

cultures for optimal antimicrobiological treatment. Empiric antimicrobial therapy is recommended as a 

first step, until the responsible organisms are isolated from debridement specimens. In the absence of 

definitive clinical trials, antimicrobial therapy should be administered until further debridement is no 

longer necessary, the patient has improved clinically, and fever has been absent for 48-72 hours. Empiric 

treatment of polymicrobial necrotizing fasciitis should include agents effective against both aerobes, 

including methicillin-resistant Staphylococcus aureaus, and anaerobes. These could be vancomycin, 

linezolid, or daptomycin combined with one of the following options: (1) piperacillin-tazobactam, (2) a 

carbapenem (imipenem-cilastatin, meropenem, and ertapenem), (3) ceftriaxone plus metronidazole, or 

(4) a fluoroquinolone plus metronidazole. Once the microbial etiology has been determined, the antibiotic 

coverage should be appropriately modified. Necrotizing fasciitis and/or streptococcal toxic shock 

syndrome caused by group A streptococci should be treated with both clindamycin and penicillin. 

Clindamycin suppresses streptococcal toxin and cytokine production. Clindamycin was found to be 

superior to penicillin in animal models, and 2 observational studies show greater efficacy for clindamycin 

than β-lactam antibiotics619,620. Penicillin should be added because of potential resistance of group A 

streptococci to clindamycin.  

Patients may appear initially well, but often experience rapid deterioration later. Therefore, failure to 

recognize the severity of disease resulting in delays of the initial debridement is associated with worse 

outcomes and higher mortality rates621-623. Collective data from the American Association for Surgery of 

Trauma demonstrate an overall lower mortality rate of 14% vs 26% in 341 patients when managed with 

early compared with late debridement624. Initial surgical debridement should be undertaken aggressively 

without compromise to remove all the necrotic tissue starting at the most severely involved region and 

progressively working outwards until healthy soft tissue is encountered. The risk of multiorgan failure 

and mortality increases with incomplete initial debridement623. 

Optimal care is on a multidisciplinary level including ideally plastic surgery colleagues and intensive care 

team. Repeated aggressive debridement in a supportive critical care setting is usually required due to an 

often prolonged and complex process of reconstruction615,616.  

No covering of the area is recommended until all necrotic areas have been debrided. Once achieved, 

temporary coverage may be very valuable to protect the wound from desiccation and further infection, 

reduce evaporative heat and fluid losses, limit the inflammatory and hypermetabolic response, thus 

enabling the patient to recover physiologically before it can be exchanged for definitive coverage. During 

this period, and once allograft is adherent, definitive wound covering and closure should be planned and 

undertaken, which may include autografting, fasciocutaneous flap, or muscle flap coverage.   
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Medical photographic documentation with the consent of the patient is recommended for recording and 

medicolegal purposes. 

20.4 Hernia repairs, use of mesh 

Incisional hernias are a frequent complication following abdominal operations and can reach an incidence 

of 38% in specific groups. Suturing of the fascia after abdominal midline incision with a continuous small 

bites technique reduces the incidence of incisional hernia compared with suturing with the conventional 

large bites technique. The technique is applied with tissue bites of 5mm and intersuture spacing of 5 mm. 

The rationale for this is to apply as many stitches as the length of the incision trying to incorporate only 

the aponeurosis and not muscle or fat. There are two randomized controlled trials showing that this is the 

safest way of closing midline abdominal incisions625,626.  

Use of mesh for abdominal wall hernia repair should be avoided in case of extensive cytoreductive surgery 

with bowel resection, long surgery and large hernia defects due to the higher risk of wound infection627. 

Intraoperative risk factors associated with a wound infection following hernia repair include: bowel 

resection/injury/fistula, emergency procedure, prolonged operative time, perioperative blood 

transfusion, ventral hernia defects (>10 cm)627. 

The risk of prosthetic mesh-related infections is higher in case of contamination during or after the mesh 

insertion. Main reason is that it is difficult for the host to eradicate mesh-related infections related to the 

formation of a biofilm around the inserted mesh628. In a systematic review that included 2,418 patients 

from six cohort studies, predictors of mesh infection included steroid or other immunosuppressive drug 

use, urgent repair, and postoperative surgical site infection; while predictors of mesh explantation were 

polytetrafluoroethylene mesh, onlay mesh position, and associated enterotomy in the same procedure629. 

In case of creation of a large dead space subcutaneously after sheeth mobilisation and hernia repair, a 

drain with negative suction might be appropriate to reduce seroma and hematoma formation630. Fluid 

collections as those, that are not associated with signs of infection should generally not be aspirated, 

unless the patient is symptomatic, due to risk of introducing infection into a sterile site631. 

Also, in view of the fact that ovarian cancer patients may undergo multiple cytoreductive attempts during 

their disease journey to achieve longer remission, the risks and benefits of use of mesh should be 

counterbalanced with potential challenges in future relaparotomies with abdominal entry and adhesions 

especially in the presence of peritoneal carcinosis. The sublay mesh position (ie. below the fascia and 

muscular layers but above the peritoneum) has been demonstrated to have the lowest risk of infection, 

and the underlay position (directly beneath the peritoneum) had the second lowest risk for surgical site 

infections632. 
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Wound considerations/complications 

• Implementation of an established surgical site infection reduction bundle is recommended to 

reduce surgical site infection rates [IV, B]. 

• In extensive sheeth/subcutaneous mobilisation with creation of large dead space and in 

largely obese patients, a closed suction drainage and subcutaneous closure may be 

recommended [IV, C]. 

• Meticulous hemostasis at abdominal closure especially in the subcutis is strongly 

recommended to prevent postoperative wound haematomas and seromas [IV, B]. 

• A continuous closing technique of a midline fascial incision using a slowly absorbable suture 

material is the best way for closing the abdomen in the elective setting. The small bites suture 

technique seems to be more effective than the traditional large bites suture technique for the 

prevention of incisional hernia in the midline incisions [I, B]. 

• Negative pressure wound treatment is an option for patients in wound management of 

perioperative infections and/or wound breakdown [II, B]. 

Surgical necrotizing fasciitis 

• Immediate surgical exploration in case of suspected necrotizing fasciitis is recommended for 

confirmation of diagnosis, wound debridement and to obtain cultures for optimal 

antimicrobiological treatment [IV, B]. 

• Initial broad empiric antibiotic therapy that covers both gram-negative and gram-positive 

organisms (eg., vancomycin or linezolid plus piperacillin-tazobactam or carbapenem, or 

ceftriaxone and metronidazole) is recommended as the etiology maybe polymicrobial (mixed 

aerobic-anaerobic microbes) [IV, B]. 

• Second-look surgery should be considered within 24 hours after the initial debridement. On 

average, three to four debridements may be needed [IV, C]. 
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21 Nutritional management 

Patients with peritoneally disseminated ovarian cancer have a high risk of malnutrition and 

hypoalbuminemia through the extensive volume losses with ascites and pleura effusion and impairment 

of bowel function633. Malnutrition increases in ovarian cancer patients the risk of treatment related 

toxicity andimpairs overall outcomes while increasing length of postoperative stay634-638. Studies have 

interestingly shown, that ovarian cancer patients are more likely to have a body mass index classified as 

overweight, while they have at the same time low serum protein levels and high malnutrition scores639. In 

under- and overweight patients alike, sarcopenia is associated with higher incidence of chemotherapy 

related toxicity, shorter time to tumour progression, physical disabilities, poorer surgical outcomes, and 

reduced survival633. 

Decreased albumin is significantly associated with more postoperative complications, hospital 

readmissions, reoperations, intensive care admissions, and cancer recurrence640. Up to 40% of all cancer 

patients die from causes related to cancer induced malnutrition. Outcomes depend on (a) patient 

characteristics, (b) tumor biology, and (c) the quality of treatment. Whereas the first 2 factors are non-modifiable, the latter can be. Nutrition represents an important aspect of patients’ management that 
impacts on patient outcomes; hence, strategies to support and ensure maintenance of adequate nutrient intake throughout the patients’ journey are warranted641. Identification of those who are at risk for 

malnutrition relied traditionally on low body weight (or body mass index) and a history of weight loss. 

This approach, however, has become increasingly ineffective in the face of the global obesity epidemic and 

the new understanding of the metabolic alterations that occur prior to any measurable change in body 

weight. Evolving definitions of cachexia and sarcopenia aim to identify and quantify signs/symptoms of 

malnutrition or its risk, including evidence of inflammation as well as loss of muscle mass and function. 

The Glasgow Prognostic Score, based on serum concentrations of C-reactive protein and albumin as 

markers of inflammation, is an easy-to-use and highly predictive tool for the assessment of inflammation 

in cancer patients633.  

Screening for malnutrition before major surgery is essential to identify patients at risk who may benefit 

from a nutritional intervention preoperatively while increasing overall awareness642,643. Baseline 

nutritional assessment should be ideally carried out by a professional expert in artificial nutrition taking 

into consideration the nutritional status and estimated duration, benefits and side effects of potentially 

needed artificial nutritionon an individual basis644,645. 

Use of validated malnutrition screening tools is associated with better nutritional care and lower 

malnutrition prevalence rates in hospitalized patients646. Various nutritional screening scores have been 

used such as: nutritional risk screening score, subjective global assessment, patient-generated subjective 

global assessment, Malnutrition Universal Screening Tool, and preoperative nutrition screen643,647. 

Regardless of the actual screening tool applied, centres should define and implement an appropriate and 

validated screening and assessment protocol, and subsequent action plan648. For the nutritional screening 

to be efficient, it should be brief, inexpensive, with a high specificity and sensitivity. For this purpose, body 

mass index, weight loss, and an index of food intake may be obtained directly, or via validated nutrition 

screening tools, e.g. nutritional risk screening score, Malnutrition Universal Screening Tool, Malnutrition 

Screening Tool, Mini Nutritional Assessment Short Form Revised649. The Global Leadership Initiative on 

Malnutrition (GLIM) has introduced a two-step approach for the malnutrition diagnosis, i.e., first screening to identify “at risk” status by the use of any validated screening tools, and second, assessment 
for diagnosis and grading the severity of malnutrition650. 

21.1 Measures and principles of perioperative nutritional support 

The main objective of preoperative carbohydrate loading is to stimulate the metabolism like a full 

breakfast would do. For non-diabetic patients, administiration of oral carbohydrate drinks containing 100 

g of carbohydrate (maltodextrin) the evening before and 50g of 2-4h before surgery is recommended to 
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improve insulin sensitivity, post-operative muscle function, and to reduce the hunger and anxiety. After 

their intake the metabolism enters into a carbohydrate-storing state. When the trauma of surgery occurs, 

a release of mediators shuts off glucose uptake in the muscles while increasing glucose production. These 

two components lead to a state of insulin resistance651. Carbohydrate metabolism is activated by 

preoperative carbohydrate fluids given up to 2 hours prior to surgery in contrast to the traditional 

midnight preoperative fasting and so are hypothesized to help the body to overcome surgery induced 

insulin resistance, to reducepatients catabolism, and also having a positive impact on perioperative 

glucose control and muscle preservation643,651-655. For that reason, carbohydrate loading is an established 

practice in many countries and a key component of ERAS programs, yet its independent effects on clinical 

outcomes remain unclear656. In contrast to that, preoperative fasting has significant side effects including 

thirst, hunger, headaches, and increased anxiety654. Following ingestion of carbohydrate drinks, no 

adverse events such as apparent or proven aspiration during or after surgery were reported642,657-659. 

Several randomized studies on early feeding have been performed in gynecologic oncology and ovarian 

cancer. Maintenance of appropriate nutritional status post-operatively has led to improvements in return 

of bowel activity, reduced length of hospital stay, and equivalent complication rates as measured by 

wound healing, anastomotic leaks, or pulmonary complications654,660-663. Currently, ERAS protocols for 

colorectal surgery recommend oral intake of regular solid food within 24 h of the operation, based on the 

evidence that gastrointestinal function tends to resume almost immediately postoperatively, and 

provision of enteral nutrition promotes bowel hypertrophy, improved wound healing and healing of the 

anastomotic site, leading so to decreased intensive care unit length of stay643,654,661,662. Postoperative diet 

should be tailored to the patients' nutritional habits and intolerances to avoid diet related side effects.  

The European Society for Clinical Nutrition and Metabolism (ESPEN) guidelines suggest that severely 

malnourished patients are supplemented before any elective surgery. Seven to 14 days of preoperative 

nutritional support is indicated even if surgery has to therefore be delayed. Equally, the ERAS 

recommendations also suggest 7 to 10 days of preoperative supplementation in severely malnutritioned 

patients with oral nutritional supplements654. 

In general, although perioperative nutritional support is useful in modulating the stress response, the 

extent to which this is accomplished depends not only on the medical care provided, but also the timing, 

route of delivery, and composition of the nutritional support regimens provided. 

A further important message is that since anabolism cannot be achieved in the postoperative period when 

glucose is administered alone, inadequate protein intake is associated with loss of lean mass, which in 

turn can impair physiologic function. Provision of protein, regardless of whether or not energy 

requirements are met, are strongly recommended in the form of oral nutritional supplements in addition 

to regular mealsto maintain adequate intake of protein664. Evidence shows that this approach maintains 

lean mass and reduces the risk of incident frailty654. Wischmeyer et al. recommended reaching an overall 

protein intake goal is more important than total calorie intake in the postoperative period642. Higher post-

operative protein intake is also associated with earlier discharge660. Currently there are no definitive 

guidelines for surgical patients in regards to protein needs; however, in the acute care setting guidelines 

have recommended up to 2.0 g of protein/kg/day and 25-30 kcal/kg/day653,660. Without adequate 

dietitian support,many patients do not meet protein their needs with oral nutrition alone in the 

immediate postoperative period654. The ESPEN Clinical Nutrition in surgery guidelines suggest that the 

energy and protein requirements can be estimated with 25-30 kcal/kg and 1.5 g/kg ideal body weight662. 

Protein intake should be above 1 g/kg/day and, if possible up to 1.5 g/kg/day, and Muscaritoli et al. 1 g/kg 

and aiming for 1.2–1.5 g/kg body weight per day633,665. 

There is no specific data for the perioperative requirements of lipids in ovarian cancer patients. It should therefore be tailored to the patients’ needs. In weight-losing cancer patients with insulin resistance, 

ESPEN recommends to raise the ratio of fat to energy from carbohydrates. This is intended to increase the 

energy density of the diet and to reduce the glycemic load649. 
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Vitamins and trace elements should be generally substituted in parenteral nutrition unless there are 

contraindications. The supplementation of vitamins and trace elements is obligatory after a parenteral 

nutrition of more than 1 week649. 

The current ESPEN guidelines for nutritional support therapy during adult anticancer treatment 

recommend the use of immune-modulating EN formulas containing arginine, nucleic acids, and essential 

fatty acids for 5-7 days preoperatively for malnourished patients undergoing gastrointestinal or head and 

neck surgery. Benefits of such use have resulted in improved immune parameters, including infectious 

and wound healing complications, even if without differences in overall mortality653,661,662. According to 

Bisch et al. immunonutrition may be most beneficial in the preoperative period and may be more 

important than post-operative immunonutrition in all but the most complex surgeries633,643. Several large 

randomized trials in colorectal patients compared an immune nutrition/high protein diet to a high calorie 

supplement and found a lower rate of infection and length of stay in the immune nutrition group.  

When the energy needs cannot be met by normal feeding, oral nutritional supplements are recommended. 

The next step would be feeding through nasogastric tube. Parenteral nutrition, which results in more side 

effects, is only started when enteral nutrition is insufficient to ensure adequate nutritional status or in 

contraindications of enteral feeding, post-surgical complications or short bowel syndrome666. The ESPEN 

and the Americal Society for Parenteral and Enteral Nutrition (ASPEN) guidelines define following 

circumstances as beneficial for parenteral nutrition in the surgical patient: in undernourished patients in 

whom enteral nutrition is not feasible or not tolerated, and in patients with postoperative complications 

impairing gastrointestinal function who are unable to receive and absorb adequate amounts of 

oral/enteral feeding for at least 7 days662. Wischmeyer et al. recommended for patients who are not 

anticipated to meet nutritional goals (>50% of protein/kcal) through oral intake to start early enteral 

nutrition or tube feeding within 24h642. Where goals are not met through enteral nutrition, they suggested 

early parenteral nutrition, in combination with enteral nutrition if possible. They also recommended 

starting patients on enteral nutrition and/or parenteral nutrition, who are not able to take in at least 60% 

of their protein/kcal requirements via the oral route642. For patients with nutritional need, the route of administration should be tailored to the patient’s physical condition665. Enteral nutrition and parenteral 

nutrition have to be considered equally effective in maintaining or improving nutritional status in cancer 

patients. However, use of parenteral nutrition is not without risks, including increased infections, 

increased surgical complications, and increased costs661. 

21.2 Refeeding syndrome 

If oral food intake has been decreased severely for a prolonged period of time, ESPEN recommend 

increasing (oral, enteral or parenteral) nutrition only slowly over several days and to take additional 

precautions to prevent a refeeding syndrome649. Refeeding syndrome describes the biochemical changes 

(electrolyte abnormalities), clinical manifestations (fluid retention), and potential complications 

(cardiorespiratory dysfunction) that can occur as a consequence of suddenly feeding a severely 

malnourished person. The hallmark biochemical feature of refeeding syndrome is hypophosphataemia. 

However, the syndrome is complex and may also feature abnormal sodium and fluid balance; changes in 

glucose, protein, and fat metabolism; thiamine deficiency; hypokalaemia; and hypomagnesaemia667. 

Indeed, this complication may occur only in extreme cases, such as in cancer patients with a body mass 

index less of 14 kg/m2 or a starvation longer than 15 days. In these patients, refeeding syndrome can be 

prevented by a stepwise and tailored refeeding protocol as well as providing optimal management and 

monitoring644. 

In postoperative patients with minimal food intake for at least 5 days, it has been recommended that no 

more than half of the calculated energy requirements be supplied during the first 2 days of reintroducing 

normal feeding. If depletion is severe, initial energy supply should not exceed 5-10 kcal/kg/day and then a 

slow increase of energy intake over 4-7 days can be provided until full substitution of requirements is 

reached633,649. 
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21.3 Dietary management of the patients with a bowel stoma 

A colostomy usually passes soft, formed stool approximately once daily, depending on diet and physical 

activity, whereas normal output for an ileostomy is approximately 600-800 ml/day of loose feces of 

porridge-like consistency. Patients with an ileostomy, and even more so with jejunostomy, are at greater 

risk of nutritional deficiencies than people with a colostomy due to removal of the colon and varying 

amounts of the ileum668. When considering stoma output, generally the more proximal the stoma is 

formed the less viscous or formed the effluent. When the output is more liquid, there is an increased 

likelihood of nutritional and pharmacologic malabsorption and, therefore, the preferred location for the 

formation of ileostomies is often the distal ileum, just proximal to the cecum. Although there is no universal definition of high stoma output, it’s often considered when the volume exceeds 1,200 ml/24 h. In 

some patients, restricting hyper- or hypotonic fluids may reduce the volume of stoma output, however, 

many require antimotility medications to prevent dehydration, electrolyte dysbalances such as 

hyponatremia, hypomagnesemia, and vitamin (B12, A, D, E, and K), micronutrient deficiencies and acute kidney injury. When assessing a patient’s hydration status, urinary sodium or urine urea if the patient is 
taking diuretics, can be considered as a source of objective information669. 

High output stomas are normally managed by oral or/and intravenous replacement of water and 

electrolytes, antisecretory and antidiarrheal medication, nutritional and psychological support670. Dietary 

advice involving high energy/protein diet and oral nutritional supplement drinks may be required to 

prevent or resolve malnutrition. People with less than 200 cm of small intestine remaining for digestion 

and absorption of nutrients may require artificial feeding (enteral or parenteral nutrition) to prevent 

malnutrition. Dietary management is recommended for the following complications associated with 

having a stoma: high output, loose output, constipation, blockage, wind and odour. High and/or loose 

output and obstruction are common complications in people with an ileostomy or jejunostomy. 

Constipation and odour are more common complications of a colostomy. Aspects of dietary management 

include: fibre restriction to prevent blockage and high output; oral rehydration solutions and/or fluid 

restriction for high output; added salt for people with high output ileostomy; white, starchy carbohydrates 

and gelatine containing sweets to thicken output; increased fibre and fluid for constipation; and avoidance 

of onions, beans and carbonated drinks to reduce wind. Acceptability of, and adherence to, dietary 

interventions for stoma management is important in improving clinical and patient reported outcomes668. 
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  Nutritional management 

• Patients should be screened and assessed for nutritional status with validated nutritional 

screening tools for malnutrition [III, B]. 

• Preoperative nutritional supplementationshould be considered [III, B]. 

• Carbohydrate preloading prior to surgery is recommended [II, A]. 

• Early oral feeding adapted to patients’ habits and tolerances is recommended within the first 24 
hours after ovarian cancer surgery [II, A]. 

• High protein diet/immunonutrition and oral nutritional supplements may be considered in 

early feeding [III, C]. 

• Parenteral nutrition is recommended in undernourished patients in whom enteral nutrition is 

not feasible or not tolerated, and in patients with postoperative complications, impairing 

gastrointestinal function rendering them unable to receive and absorb adequate amounts of 

oral/enteral feeding for at least 7 days [II, A]. 

• If oral food intake has been decreased severely for a prolonged period of time, nutritional 

support should be initiated slowly to prevent refeeding syndrome [III, B]. 

• Patients with bowel stoma should receive specialist dietary advice tailored to the type of stoma 

and length of residual small bowel, to avoid stoma related complications such as high/loose 

output, constipation, blockage, flatulence and odour [III, B]. 
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22 Prehabilitation, enhanced recovery, postoperative ileus 

prevention 

22.1 Prehabilitation and ERAS concepts 

The ERAS concepts in gynecological oncology have led to a standardization of perioperative care and 

focused on reducing perioperative morbidity and shortening the length of stay without increasing readmission rates, in an overall effort to improve patients’ surgical stress response660,671. This multimodal 

and patient-educative concept is now being extended to include the aspect of prehabilitation672. The 

concept of prehabilitation focuses on proactively modulating the patients' resilience. By improving the 

baseline condition, the stress and tissue damage caused by surgery is supposed to be reduced and the time 

to recovery is expected to be improved673. Elderly and/or fragile patients will especially benefit from the 

pre-surgical, tailored improvement of their baseline physical capacity674. Although no definitive and 

validated prehabilitation concept has been established to date, trimodal strategies appear to be the most 

effective675. Multimodal prehabilitation concepts consist of patient education, nutritional assessment and 

improvement, physical exercise and psycho- (oncological), anxiety reducing support.  

Various studies have evaluated the effect of prehabilitation programs in patients with colorectal cancer 

colorectal surgery676-679. The Charité Berlin and the Kliniken Essen Mitte working group introduced a 

concept of a bicentric prospective trial enrolling ovarian cancer patients who will participate to a 

multimodal prehabilitation concept and standardized perioperative care following the ERAS guidelines in 

order to reduce postoperative morbidity672. Nevertheless, the implementation of an ERAS program alone 

is not sufficient; equally important is the verification of protocol adherence of the healthcare team as well 

as the individual patient680-682. Newer and previous surveys in Germany for example have revealed an 

extremely heterogeneous picture with less than half of the gynecological centressurveyed following the 

recommendation of the ERAS guidelines69,683. 

The ERAS Society group for major gynecology published guidelines for perioperative care in gynecologic 

oncology surgery based on the best available evidence and updated them recently660,684,685. To date, 

several initiatives have been developed to integrate ERAS into clinical care of gynecological oncological 

patients672,679,686-689. 

A recent review by Schneider et al. evaluated the implementation of ERAS protocols in gynecologic 

oncological patients scheduled for major surgery in 12 observational studies; except one of them, all were 

single center analyses demonstrating that evidence for ERAS programs in gynecologic oncology is still 

based on rather heterogenous data672,679. Still, the constant work of the ERAS Society including the 

publication of guidelines and instruments that help to implement ERAS protocols (like Recover- checklist) 

and their emphasis on the relevance of adherence monitoring, help to generate more homogeneous data 

and have demonstrated the crucial importance ofadherence monitoring. 

22.2 Physical exercise 

It is recommended that physical exercise strategies consist of both: moderate aerobic training and 

resistance exercise and patients follow a tailored program in order to improve their postoperative 

recovery690. Commonly used guidelines in the Anglo-American region are Physical Activity Guidelines for 

Americans and American Cancer Society guidelines691-694. The description of preoperative exercise as part 

of multimodal prehabilitation programs is heterogenous: type, duration, intensity and supervision of the 

interventions differ695. Moran et al. described in their systematic review that prehabilitation strategies 

consisting of aerobic exercise and resistance training decrease postoperative complications after 

surgery691. Some of the multimodal concepts, resulted in a faster recovery to baseline functional capacity, 

but these trials failed to prove a positive impact on postoperative complication rates676,696-698. 

Contradictory to these results, Soares et al. reported a small single center trial wherein in 16 patients who 

participated to a prehabilitation program before abdominal surgery, surgical complications rates were 
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significantly reduced compared to the 16 patients in the control group699. Similar results were shown by 

Barberan-Garcia et al. in a single centre randomized controlled trial of 143 patients with high-risk for 

perioperative morbidity (>70 years and/or ASA III/IV)700. After drop out due to changes in surgical plan, 

62 patients underwent a personalized prehabilitation program (patient education, endurance training, 

promotion of physical activity) versus no prehabilitation (n = 63) before elective major abdominal 

surgery. Patients in the interventional group had significantly lower perioperative complication rates. 

22.3 Nutritional interventions 

Malnutrition, sarcopenia and hypoalbuminemia are well described risk factors for increased perioperative 

morbidity in gynecological oncological patients and especially for ovarian cancer patients136,701-705. It is 

highly recommended to perform a preoperative nutritional assessment to avoid and compensate 

malnutrition635,662,706. Several screening tools like the Nutrition Risk Screening 2002, the Subjective Global 

Assessment, the Malnutrition Universal Screening Tooland the evaluation of the bioelectrical impedance 

analysis (BIA)-derived phase angle are validated for preoperative assessment in cancer surgery702,707-709. 

Several trials investigated the effect of preoperative nutritional intervention in patients scheduled for 

abdominal cancer surgery710-712. Within the context of multimodal concepts, a synergistic effect of physical 

exercise and nutritional intervention has been demonstrated695,713-715. 

The European working group on sarcopenia in older people characterizes sarcopenia as an acute or 

chronic muscle disease with low muscle quality and quantity resulting in low muscle strength and 

physical performance716. Multiple markers (e.g. skeletal muscle index or muscle attenuation, measured in 

Hounsfield units) with different cut offs and diagnostic instruments (e.g. computed tomography scans, 

magnetic resonance imaging, bioelectrical impedance assay and dual energy X-ray absorptiometry) exist 

to describe sarcopenia717. The impact of sarcopenia in ovarian cancer is controversially discussed. In a 

retrospective analysis of 216 ovarian cancer patients undergoing primary debulking surgery, Rutten et al. 

found no significant correlation between sarcopenia (defined as skeletal muscle index ≤38.73 cm2/m2) 

and severe postoperative complications or poor overall survival718.   

A very recently published prospective single center trial investigated the role of sarcopenia and 

malnutrition in ovarian cancer patients undergoing debulking surgery719. However, three retrospective 

trials found that low muscle quality (skeletal muscle attenuation) is associated with poorer overall 

survival in patients with ovarian cancer703,705,720. Recently, two meta-analyses described the impact of 

sarcopenia on overall survival of ovarian cancer patients721,722. McSharry et al. published a meta-analysis 

of six trials and concluded that sarcopenia was not significantly associated with improved 3 or 5 year 

survival rates but normal muscle attenuation in comparison to low muscle attenuation showed a 

significant correlation to an improved 3 and 5 year survival rate721. Ubachs et al. published a meta-

analysis of eight studies describing that low skeletal muscle index and muscle attenuation were associated 

with poorer overall survival but emphasize that low data quality does not allow a definitive conclusion722. 

Up to date, assessment of sarcopenia is not yet a standardized part of a clinical routine in preoperative 

diagnostics of ovarian cancer patients. But frailty assessments become increasingly important in order to 

predict the risk of severe postoperative complications and poor overall survival. Prospectively run 

multicenter trials are warranted to investigate if evaluation of sarcopenia should be part of a multimodal 

frailty assessment. Especially the question which markers and cut-offs are feasible to describe clinically 

relevant sarcopenia should be addressed in the future. 

22.4 Psychological, anxiety reducing support 

Oncology patients have been shown to benefit from psycho-oncological support on multiple levels; from 

postoperative pain and behavioural recovery to length of stay and overall coping mechanisms in various 

series. Especially relaxation methods seem to have additional positive impact on postoperative pain 

levels723. Still, from various prospective randomized data there is no clear evidence regarding the exact 

impact of psychological interventions during prehabilitationon the postoperative outcome of 
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gynecological cancer patients. Further research is necessary to answer this question. For patients with 

apathogenic germline BRCA mutation, which is prevalent in about 20 % of the casesadditional genetic 

councelling and psychological support, is required for the patient and her family724. This should be 

therefore provided as soon as the results are communicated. 

22.5 Proactive measures for postoperative ileus prophylaxis 

The pathogenesis of postoperative ileus is multifactorial678,681. In a retrospective single center study of 

578 patients who underwent primary ovarian cytoreduction between 2003 and 2008, Bakkum-Gamez et 

al. reported an incidence of 30.3%725. A higher risk for postoperative ileus is observed in patients with 

relapsed as compared to those with primary epithelial ovarian cancer. This might be attributed to patients 

being operated due to preoperative ileus and or to a higher small bowel resection rate at cytoreductive 

surgery for relapse726. Tumor related factors like involvement of the mesentery and the extent of 

peritoneal tumor spread as well as surgery related aspects such as surgical complexity and 

anaesthesiological interventions (transfusion, pain management using ibuprofen) influenced the risk of 

postoperative ileus725. Therefore, decreasing the rate of postoperative ileus is one of the goals of 

interventions that are part of ERAS pathways. Some of them are simple, like coffein products consumption 

or early feeding within 24h after surgery and early mobilization; others like opioid sparing pain 

management or goal-directed fluid therapy are more complex642,660,727. 

A prospective randomized trial by Sanchez-Iglesias et al. demonstrated a 10% decreased rate of 

postoperative ileus in the ERAS intervention arm in patients undergoing ovarian cancer cytoreductive 

surgery728. A Cochrane review, confirmed that early postoperative feeding after major abdominal 

gynecologic surgery appears to be safe and supports faster recovery of bowel function without increasing 

postoperative complications729. Moreover, patients’ satisfaction increases and length of stay is shortened. 
In any case, routine postoperative fasting till the time of first flatus or bowel movement is outdated and 

not recommended. Additional measures like chewing gum have shown controversial effects in various 

prospective randomized trials728-735. Even though some trials have shown a positive impact of chewing 

gum on time of first flatus and time to first bowel movementand even length of stay; the largest 

randomized multicenter trial on 2,000 patients after major abdominal surgery, could not confirm this 

benefit730. 

Coffee consumption is an additional simple measure that has been shown to be beneficial in terms of 

faster recovery of bowel function. A randomized controlled single center in 114 patients with 

gynecological cancer demonstrated a reduced time to flatus, mean time to defecation and mean time to 

tolerate food in the coffein intervention arm736. The addition of milk and sugar seems not to be beneficial 

in this context737,738. 
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Prehabilitation enhanced recovery, postoperative ileus 

prevention 

• Prehabilitation and enhanced recovery programs should be applied as a new and relevant 

global concept in ovarian cancer surgery [II, A].  

• Trimodal concepts consisting of physical exercice, nutritional assessment and intervention 

and psychological support and patients education are key elementsto this program [III, B]. 

•  The implementation of ERAS protocols in gynecological oncology is recommended, whereby 

adherence monitoring is of fundamental importance [II, A]. 

• A multimodal approach, comprising of early feeding, goal directed/balanced fluid therapy, 

physical activity, opioid-sparing pain therapy and early mobilization is recommended for 

the prevention of postoperative ileus [III, B]. 
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23 Postoperative physiotherapy and mobilisation 

Despite the general concerns about robustness of evidence in the various physiotherapy trials, numerous 

studies have demonstrated the benefit of postoperative physiotherapy on perioperative pain, bowel 

obstruction, deep vein thrombosis, respiratory complications, as well as early mobility and formation of 

lymphedema38,739-748. Early physiotherapy in patients with surgery associated critical illness may have a 

significant impact on physical and functional outcomes and length of intensive care stay743. 

In an analysis of 283 Cochrane reviews, Momosaki et al. reported that physiotherapy trials are commonly 

(94%) inconclusive and not providing any definitive answers or insight, while nearly all emphasize the 

need for further research739. However, few articles included in this review address its value 

perioperatively. 

A systematic review on the impact of physiotherapy on postoperative pain has demonstrated a positive 

impact on a range of outcomes including pain, quality of life, physical function and depression scores, even 

though caution is needed due to the lack of uniformity and some methodological concerns740. Studies 

reporting on the use of physiotherapy, often include reference to analgesic pain relief as a supporting 

measure to accompany or facilitate physiotherapy743,749. There is no evidence for the routine use of 

physiotherapy techniques Clear Passage Approach in the management of ovarian cancer related bowel 

obstruction750. 

Regarding the impact of chest physiotherapy on postoperative pulmonary complications, there are some 

evidence suggesting that postoperative pulmonary complications can be reduced after abdominal surgery 

with a range of perioperative physiotherapy modalities. However, no single physiotherapy treatment has 

been identified as more effective than others. Although incentive spirometry is used widely in clinical 

practice, there is mixed evidence on the benefit of this in the management of surgical patients743. 

Mobilization of hospital patients brings benefit in physical functioning and reduction of complications, and 

in emotional and social well-being743-745. Early mobilization is accepted as a positive outcome of 

physiotherapy programs and can be delivered by the entire team that cares for the patient including 

nurses and doctors and not just dedicated physiotherapists744-747. Psychological effects include positive 

effects on anxiety, depression and symptom distress, and social outcomes include increased independence 

and reduced length of stay744,745. Patients decline in walking ability within two days of hospital admission 

and interventions such as MOVEON are designed to ensure mobility is recognized as a vital part of 

inpatient care744,745. MOVEON is a large multisite educational intervention to improve mobilization of 

older patients in hospital in Ontario, the initial targets were not surgical patients but the aim is to upscale 

to other units in hospitals746. Some adopters of MOVEON use “mobility champions” who act as role models to facilitate the mobilization of patients and dispel the myth of “the sick role” and an expectation for 
patients to remain sedentary747. 

Lower limb lymphedema is one of the most frequent postoperative complications of retro-peritoneal 

lymphadenectomy and can affect quality of life and activities of daily living38. In a study of 126 patients 

having lymphadenectomy for gynecological cancer (about one third ovarian), the rate of stage 1 and stage 

2 lower limb lymphedema was 45% and adjuvant chemotherapy increased the risk of lower limb 

lymphedema. Assessing patients at risk for lower limb lymphedema provides an opportunity for 

education and physiotherapy input in the form of complex decongestive therapy, which includes manual 

lymphatic drainage, limb compression, skin care and exercise38,748. Providing complex decongestive 

therapy routinely for patients having systematic retroperitoneal lymphadenectomy has been shown to 

reduce risk of lower limb lymphedema. 

Improving preoperative status with physiotherapy as part of pre-habilitation programs has been shown to 

improve postoperative outcomes and complication rates for patients undergoing major abdominal 

surgery, including cytoreductive surgery, although the evidence may be weak743,744,751. In a retrospective 
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study of 124 patients undergoing cytoreductive surgery and hyperthermic intraperitoneal chemotherapy 

for peritoneal carcinosis, the 67 patients who had preoperative physiotherapy and patient controlled 

epidural anesthesia, incurred benefit in the form of reduced length of stay in the intensive care unit and 

earlier mobilization749. Boden et al. studied 441 adults within 6 weeks of upper abdominal surgery who 

had ether an information booklet or a booklet and a 30 min preoperative physiotherapy session, 

concentrating on early mobilization and breathing exercises751. They found the combined approach halved 

the incidence of post-operative pulmonary complications. In a sub-group of this study, 29 patients were 

assessed for memorability of, and compliance with, the education provided. The experimental group was 6 

times more likely to remember the breathing exercises, some of the participants reported not reading the 

information sheet and a preference for face-to-face information delivery752. However, and importantly in a 

post covid-19 landscape, telerehabilitation (providing services to patients at a distance using information 

and communication technologies) in the postoperative setting has been shown in a systematic review and 

meta-analysis to be feasible, with the potential to improve quality of life by providing a more flexible, 

patient centered way to deliver care752. 

There is growing evidence showing that physical activity has value at all stages of the cancer care 

pathway; prehabilitation, during treatment and in rehabilitation after treatment753. Studies have 

demonstrated that patients are receptive to advice about lifestyle factors, particularly soon after diagnosis 

or at the end of treatment, in what is often termed a teachable moment754. The main areas for lifestyle 

change are around physical exercise, diet and nutrition, weight management and smoking cessation and 

these form a significant part of the survivorship agenda.  

 Postoperative physiotherapy and mobilisation  

• Physiotherapy should be offered as part of routine perioperative care for women with 

ovarian cancer [III, B]. 

• Early mobilisation after surgery is recommended [III, B]. 
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24 Frailty scores/Management of the fragile patient 

Frailty is associated with poor outcomes in a number of disease processes and therapeutic interventions. 

It performs better than age alone as a predictor of these outcomes and can be measured by a number of 

tools. Studies have shown that frail patients are more likely to experience postoperative higher grade 3-4 

complications or death within 90 days of surgery, admissions to intensive care unit, readmissions, are less 

likely to initiate chemotherapy within 42 days of surgery and have an overall less favorable outcome595,596. 

For that reason, frailty assessment and screening tools should be applied to improve tolerability and 

outcome of any medical and surgical interventions. 

Frailty is an age-related process;certainly, there are non-frail patients over the age of 70 that may have 

outcomes similar to their younger counterparts as well as vice versa. The benefit of a frailty deficit index is 

that subjectivity can be removed from assessment of a patient while the index may provide precise 

objective measures of comorbidities and functional status755. These objective measures can be 

incorporated into a gynecologic oncology practice via simple questionnaires, so that geriatric assessment 

goes alongside with the oncologic assessment as an established strategy. 

Frailty is a state of vulnerability to poor resolution of homeostasis following a stress and is a consequence 

of cumulative decline in multiple physiological systems over a lifespan. This cumulative decline erodes 

homeostatic reserve until relatively minor stressor events trigger disproportionate changes in health 

status, typically a fall or delirium. Comprehensive geriatric assessment has become the internationally 

established method to assess older people in clinical practice. It is a multidisciplinary diagnostic process to determine an older person’s medical, psychological and functional capability to develop a plan for 
treatment and follow up. The practical limitation of comprehensive geriatric assessment is the time and 

expertise required for the process756. 

A systematic review of systematic reviews was performed in order to investigate assessment tools of the 

most commonly included geriatric assessment domains and their predictive ability regarding the adverse 

postoperative outcomes. The authors demonstrated that frailty seems to be the most important predictor, which underpins the importance of an integrated approach. Tailoring the “optimal geriatric assessment” 
should be taken into consideration expertise, and resources available in daily clinical practice as well as 

the patient population757. 

Geriatric assessment can be valuable in oncology practice for following reasons: detection of impairment 

not identified in routine history or physical examination, ability to predict severe treatment-related 

toxicity, ability to predict overall survival in a variety of tumors and treatment settings, and ability to 

influence treatment choice and intensity. Geriatric assessment has been shown to predict the risk of 

treatment-related complications (e.g. chemotherapy toxicity or surgical risk), but toxicity prediction at the 

individual level remains moderate758. A prospective study of older women with advanced ovarian cancer 

and frailty demonstrated that cytoreductive surgery can be performed safely in a tertiary care center with 

preoperative/postoperative geriatric and surgical co-management and may play a role in outcomes759. 

In a quantitative systematic review identifying diagnostic accuracy and predictive ability of frailty 

measures in older adults, only a few frailty measures seem to be demonstrably valid, reliable and 

diagnostically accurate, and have good predictive ability. Among them, the Frailty Index and gait speed 

emerged as the most useful in routine care and community settings760. 

Increasing cooperation between geriatricians and physicians will lead to a more personalized treatment 

strategies and directed interventions for older patients. Baseline geriatric assessment parameters may 

predict functional decline and chemotherapy-related toxicity. Education of physicians treating older 

patients with cancer has been shown as an essential step in the implementation of geriatric assessment 

and subsequent interventions761. Assessment of frailty syndrome should be added in the preoperative risk 

assessment in older individuals762. 
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The Dutch risk assessment tool is for hospitalized older adults and includes a short evaluation of four 

geriatric domains: risk for delirium, risk for undernutrition, risk for physical impairments, and fall risk. In 

a prospective cohort study this geriatric sum score has strong associations with long-term outcome and 

morbidity after colorectal cancer surgery763. Still in various randomized controlled trials, a preoperative 

geriatric assessment and tailored interventions did not reduce the rate of complications grade II-V, 

reoperations, re-admittance or mortality in frail older patients electively operated for colorectal 

cancer764,765. Older individuals (≥ 65 years) undergoing major elective gastrointestinal surgery identified following red flags for higher risk patients: age ≥ 75 years, eating soft food, reported hypertension, weight loss > 3 kg in 

the previous 3 months, fair-to-weak grip strength, sleeplessness, perceived health as no better than that of 

same-age peers, and short-term inability to recall two of three common words766. 

The Multidimensional Frailty Score based on a preoperative comprehensive geriatric assessment is a 

useful tool for predicting postoperative complications and prolonged hospital stay, even in low risk 

elderly women who are undergoing cancer surgery767. In a prospective observational cohort study it has 

been found that clinical frailty scale is an accurate, sensitive screening tool, with good face and content 

validity to measure frailty in the perioperative setting. Higher risk patients should be screened for frailty 

prior to anesthesia with a cut-point of a Clinical Frailty Scale ≥ 4 selecting those for more comprehensive 
measurement768. In a retrospective observational analysis using Fried’s 5-point preoperative frailty assessment of elderly 

patients, identified pre-frail and frail subgroups to have the highest rate of postoperative complications, 

regardless of age, surgical discipline, and surgical risk. Significantly increased length of hospitalization and 

discharges to care facilities were also observed. Implementation of routine frailty assessments appears to 

be an effective tool in identifying patients with increased risk769. Inci et al. showed that Fried frailty score 

could be useful for the surgon to estimate the risk of postoperative complications770. 

A cohort study from Memorial Sloan Kettering, to evaluate the association of the Memorial Sloan 

Kettering-Frailty Index with established geriatric assessment and surgical outcomes. included 

prospectively evaluated patients with cancer 75 years and older before undergoing surgery771. The 

Memorial Sloan Kettering-Frailty Index appeared to be associated with the previously validated geriatric 

assessment and postoperative outcomes in older patients with cancer and was shown to be a feasible tool 

for perioperative assessment of older surgical cancer patients. 

Frailty scores/Management of the fragile patient 

• Preoperative frailty assessment is recommended to improve tolerability and outcome of 

any medical and surgical interventions [II, B]. 
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25 Psycho-oncological and social support 

The diagnosis of cancer may cause enormous distress in face of a life-threatening condition. Between 20% 

and 50% of patients with cancer suffer from distress, which can be impacted by physical symptoms (e.g. 

fatigue, pain), psychological symptoms (depression, anxiety), social/financial problems (childcare, 

unemployment), spiritual and existential concerns772,773. Therefore distress has been identified as the 6th 

vital sign in cancer care774. Around one third of cancer patients have a perceived need for psychosocial 

support and younger age, female sex and higher education are associated with more needs775. Women 

with early stage disease have been shown to have as much risk of distress as those with later stage 

disease, or recurrence776,777. Evaluation for psychological distress, sexual dysfunction, psychiatric 

comorbidity, and psychosocial needs should be offered at the time of diagnosis, during treatment, follow-

up and survivorship to all patients778,779. Perioperative counselling should be part of a surgical prehabilitation concept and has been shown to improve patients’ reported outcome measures including 
quality of life and somatic symptoms780. The National Comprehensive Cancer Network® distress thermometer serves as an easily manageable first stage screening tool to evaluate a patient’s distress in 
areas such as practical, family, emotional, spiritual, sexual and physical problems781. A cut off of ≥ 4 is 

recommended to identify patients with clinically elevated levels of distress782-784. Further scales like the 

Hospital Anxiety and Depression Scale can supplement the diagnostic process and patient reported 

outcomes may help to monitor treatment side-effects785,786. 

Patients with low level of distress should be offered patient-orientated information and psychosocial 

consultation778,787. Patients with high distress should be seen by specialized caregivers (physicians, 

nurses, psycho-oncologists, social workers, creative therapist) for psycho-oncological and psycho-social 

support. This can improve quality of life as well as overall experience of patients facing the threat of 

cancer788. An armamentarium of interventions including counselling, psychoeducation, dignity-based 

therapy, relaxation-, all creative therapies including art-, music-, creative writing and movement therapies, and guided imagery techniques can help to reduce patient’s anxiety789. Furthermore, 

psychotherapy offers an approach to empower the patient with the goal to improve coping skills and 

resilience, to decrease emotional distress, reduce feelings of depression, encourage a positive body image 

and help the patient to regain self-esteem. Additionally, psychological support enhances personal growth, 

strengthens personal and social resources of the patient and caregivers, and helps to improve quality of 

life790,791. Exercise has the strongest evidence to decrease fatigue792. Increasing body mass index and 

inactivity are associated with poorer quality of life793-795. Psychosocial interventions may support the 

management of various physical symptoms like pain, fatigue, nausea and include discussion of symptom 

management, all of which are of major importance in a surgical setting788,790. Treatment approaches 

should be tailored to individual needs and availability of interventions. 

Love, affection and sexuality are essential elements of life. Type and radicality of surgical treatment can 

influence sexual function and quality of life, which may be impaired by cancer itself or surgical treatment, 

with subsequent hormonal loss and side-effects of systemic therapy. Almost 50% of women with cancer 

lack information about sexual dysfunction in the course of cancer therapy, such as vaginal dryness, 

dyspareunia and impairment of orgasm796. Therefore, prior to surgery and during treatment the patient 

and her partner should be counseled regarding potential sexual problems and options of support 

(lubricants, vaginal dilators or local or systemic hormone replacement therapy depending on the type of 

cancer)9,790,797-799. Overall, to strengthen the ability of our patients to cope with the diagnosis of the disease 

and side-effects of treatment, they should receive continuous evaluation for psycho-social needs and 

psycho-oncological support. 

The concept of cancer survivorship has become established in clinical care and political strategies800. 

Cancer survivorship focuses on health and well-being of a person with cancer from the time of diagnosis 

until the end of life as a care continuum. This includes the physical, mental, emotional, social, and financial 

effects of cancer that begin at diagnosis and continue through treatment and beyond.  A diagnosis of 

cancer can have significant adverse effects on both patients and their families and many more people are 
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living with incurable cancer but are not yet in the last 12 months of life. Undertaking a holistic needs assessmentis one way to support a structured discussion of a wider range of patients’ needs within a 

clinical consultation. There are several tools available e.g Sheffield Profile for Assessment and Referral to 

Care, distress thermometer, Pepsi-Cola Aide Memoir and the requirement to complete such an assessment 

has been embedded in cancer care in many settings801. Internationally, there is a growing focus on long-

term survivors. In 2020, the Gynecological Cancer InterGroup defined in Athens a specific charta of cancer 

survivorship and include cancer-survivor as well patients with relapsed ovarian cancer with a cancer 

history at least 5 years. Structured survivorship programs should include information about cancer 

diagnosis and (performed) therapies, possible somatic and non-somatic symptoms, information on late 

and long-term effects as well as future-oriented aspects of health promotion and prevention. Long-term 

survivors also need information on psychosocial issues. These programs should support interdisciplinary 

and interprofessional communication and cooperation between medical and non-medical healthcare 

providers. The focus on long-term survivor is the consequence of an increase in cancer incidence as well 

as medical advances in diagnosis and treatment leading todeclining mortality rates802. 

In addition to fear and risk of tumour recurrence, long-term survivors have an increased risk of physical, 

cognitive, emotional and social limitations due to disease and oncological treatment. Approximately 30% 

of long-term survivors are in a moderate or poor health condition, 17% are unable to work and more than 

half of all survivors suffer from at least one physical limitation803,804. Depending ontumour entity and type 

of oncological therapy, late and long-term repercussions such as cardiovascular, intestine, neurological, 

endocrine (including infertility) dermatological and cognitive sequelae as well as psychosocial limitations 

(including early retirement, financial problems, anxiety, depression, post-traumatic stress disorder and a 

reduced quality of life (including fatigue, sexual dysfunction) occur in different frequencies803. These 

effects can occur months to years after the completion of treatment. Special attention should also be given 

to bone health (osteopenia, osteoporosis) and cardio-vascular diseases (hypertonia, cardio-myopathy) 

due the fact that many cancer therapies can induce these late toxicities. 

Secondary malignancies, including hematologic malignant neoplasms, develop months or years after 

diagnosis. Because of the poor long-term survival rate for patients with ovarian cancer this was up to now 

seldom of concern. With the new treatment options for ovarian cancer e.g. PARP inhibitors and improved 

overall survival even after secondary debulking surgery for recurrence, long term survival and long-term 

side-effects are coming into focus805,806. Myeloid dysplastic syndrome/acute myeloid leukemia were 

reported with an incidence of around 1.5% in PARP inhibitor studies. In the Surveillance, Epidemiology 

and End Results the incidence of secondary malignancies for patients with ovarian cancer was assessed 

with 3.1 %807. Therefore, patients have to be counselled prior to systemic treatment for a low chance of 

secondary malignant neoplasms and they have to be closely monitored for alerting symptoms. 

Cancer survivors report special needs for additional information about their diagnosis and therapy, as this 

often could not be adequately provided at the time of diagnosis and during the course of treatment. In the 

transition from treatment to follow up with the shift of responsibilities from doctors to themselves, 

patients experience a loss of their safety net. They are looking for a normal life again, but might find a restricted one which requires the definition of a new “normal”808. Cancer survivors profit from 

information about persistent symptoms as well asabout future-oriented aspects of health promotion and 

secondary disease prevention. Long-term survivors also need information about psychosocial issues 

including financial and legal aspects, optionsfor rehabilitation, psycho-oncological support and the 

recommendation of facilitating support groups.Interdisciplinary communication and cooperation between 

medical and non-medical healthcare providers is of great importance to ease the way for a coordinated 

holistic approach801,809. Initial evaluations have shown that participants of survivorship programs profit 

from better health condition and a greater knowledge of their disease, therapy and possible risk 

factors810,811. 

Every cancer patient should receive an individualized survivorship care plan with information about 

diagnosis, therapy, possible long-term side-effects, recommended check-ups, health promotion like 
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physical activity, healthy eating, weight management, nicotine and alcohol abstinence, options for 

psychosocial and psycho-oncological support including stress reduction, mechanism of resilience, relaxation and creative therapies. As cancer is a “WE” disease, family and caregivers should also routinely 
be integrated in survivorship aftercare. Based on the high-prevalence of genetic background, such as 

BRCA and Lynch-syndrome and the possible PARP-induced hematological malignancies screening of 

secondary malignancies should also be part of every cancer survivor ship program. 

Finally, every patient should receive information about patient advocacy groups or support organizations. 

Psycho-oncological and social support  

• Every woman with ovarian cancer should be screened for distress in a holistic approach as 

early as possible and should be offered professional psycho-oncological support [III, B]. 

• Screening should be repeated in regular intervals during the course of treatment, follow-up 

and survivorship programs. For every woman the individual need for psycho-oncological 

support should be evaluated [IV, B]. 

• Besides evaluation by the treating clinician, women should be screened with validated and 

standardized screening tools such as the National Comprehensive Cancer Network distress 

thermometer or the Hospital Anxiety and Depression Scale [III, B]. 

• Scores that require intervention should be identified in whatever tool is used and women 

offered psycho-oncological counselling to evaluate distress and psychological/psychiatric 

comorbidity [IV, B]: 

o Women with low level of distress should be offered patient-orientated information 

and psychosocial consultation including creative therapies. 

o Women with high level of distress should be offered psycho-oncological 

interventions (therapy, escort), in addition. 

• Women should be counseled for sequelae of diagnosis and treatment on sexual function and 

for options of support [IV, B]. 

• Survivorship care should support survivors beyond their cancer treatment and regular 

follow-up care, throughout a lifetime [IV, B]. 

• Every cancer patient should receive an individualized survivorship care plan with 

information about diagnosis, therapy, possible long-term side effects, recommended check-

ups and health promotion as well as psychosocial and psycho-oncological support [III, B]. 

 

 

  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

85 

26 References 

1. Hall, M., et al. Maximal-Effort 

Cytoreductive Surgery for Ovarian 

Cancer Patients with a High Tumor 

Burden: Variations in Practice and 

Impact on Outcome. Ann Surg Oncol 26, 

2943-2951 (2019). 

2. Querleu, D., et al. European Society of 

Gynaecologic Oncology Quality 

Indicators for Advanced Ovarian Cancer 

Surgery. Int J Gynecol Cancer 26, 1354-

1363 (2016). 

3. Fotopoulou, C., et al. Quality indicators 

for advanced ovarian cancer surgery 

from the European Society of 

Gynaecological Oncology (ESGO): 2020 

update. Int J Gynecol Cancer 30, 436-440 

(2020). 

4. Colombo, N., et al. ESMO-ESGO 

consensus conference 

recommendations on ovarian cancer: 

pathology and molecular biology, early 

and advanced stages, borderline 

tumours and recurrent disease. Ann 

Oncol 30, 672-705 (2019). 

5. Colombo, N., et al. ESMO-ESGO 

consensus conference 

recommendations on ovarian cancer: 

pathology and molecular biology, early 

and advanced stages, borderline 

tumours and recurrent disease. Int J 

Gynecol Cancer (2019). 

6. Dykewicz, C.A. Summary of the 

Guidelines for Preventing Opportunistic 

Infections among Hematopoietic Stem 

Cell Transplant Recipients. Clin Infect 

Dis 33, 139-144 (2001). 

7. Oskay-Ozcelik, G., et al. Expression III: 

patients' expectations and preferences 

regarding physician-patient relationship 

and clinical management-results of the 

international NOGGO/ENGOT-ov4-GCIG 

study in 1830 ovarian cancer patients 

from European countries. Ann Oncol 29, 

910-916 (2018). 

8. Havrilesky, L.J., et al. Patient preferences 

for attributes of primary surgical 

debulking versus neoadjuvant 

chemotherapy for treatment of newly 

diagnosed ovarian cancer. Cancer 125, 

4399-4406 (2019). 

9. Armbrust, R., et al. Results of the 

interprofessional and interdisciplinary 

Berlin round table on patient-reported 

outcomes, quality of life, and treatment 

expectations of patients with 

gynecological cancer under 

maintenance treatment. Int J Gynecol 

Cancer 30, 1603-1607 (2020). 

10. Rohr, I., et al. Expectations and 

preferences of patients with primary 

and relapsed ovarian cancer to 

maintenance therapy: A 

NOGGO/ENGOT-ov22 and GCIG survey 

(Expression IV). Int J Gynecol Cancer 30, 

509-514 (2020). 

11. Perren, T.J., et al. A phase 3 trial of 

bevacizumab in ovarian cancer. N Engl J 

Med 365, 2484-2496 (2011). 

12. Oza, A.M., et al. Standard chemotherapy 

with or without bevacizumab for 

women with newly diagnosed ovarian 

cancer (ICON7): overall survival results 

of a phase 3 randomised trial. Lancet 

Oncol 16, 928-936 (2015). 

13. Burger, R.A., et al. Incorporation of 

bevacizumab in the primary treatment 

of ovarian cancer. N Engl J Med 365, 

2473-2483 (2011). 

14. Aghajanian, C., et al. OCEANS: a 

randomized, double-blind, placebo-

controlled phase III trial of 

chemotherapy with or without 

bevacizumab in patients with platinum-

sensitive recurrent epithelial ovarian, 

primary peritoneal, or fallopian tube 

cancer. J Clin Oncol 30, 2039-2045 

(2012). 

15. Poveda, A.M., et al. Bevacizumab 

Combined With Weekly Paclitaxel, 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

86 

Pegylated Liposomal Doxorubicin, or 

Topotecan in Platinum-Resistant 

Recurrent Ovarian Cancer: Analysis by 

Chemotherapy Cohort of the 

Randomized Phase III AURELIA Trial. J 

Clin Oncol 33, 3836-3838 (2015). 

16. Burger, R.A., et al. Risk factors for GI 

adverse events in a phase III 

randomized trial of bevacizumab in 

first-line therapy of advanced ovarian 

cancer: A Gynecologic Oncology Group 

Study. J Clin Oncol 32, 1210-1217 

(2014). 

17. Petrillo, M., et al. Systematic Review of 

Cytoreductive Surgery and 

Bevacizumab-Containing Chemotherapy 

in Advanced Ovarian Cancer: Focus on 

Safety. Ann Surg Oncol 25, 247-254 

(2018). 

18. Sehouli, J., et al. Feasibility of surgery 

after systemic treatment with the 

humanized recombinant antibody 

bevacizumab in heavily pretreated 

patients with advanced epithelial 

ovarian cancer. Ann Surg Oncol 19, 

1326-1333 (2012). 

19. Garcia Garcia, Y., et al. Efficacy and 

safety results from GEICO 1205, a 

randomized phase II trial of 

neoadjuvant chemotherapy with or 

without bevacizumab for advanced 

epithelial ovarian cancer. Int J Gynecol 

Cancer 29, 1050-1056 (2019). 

20.

 https://www.ema.europa.eu/en

/documents/product-

information/avastin-epar-product-

information_en.pdf. 

21. Ledermann, J., et al. Olaparib 

maintenance therapy in platinum-

sensitive relapsed ovarian cancer. N 

Engl J Med 366, 1382-1392 (2012). 

22. Friedlander, M., et al. Long-term 

efficacy, tolerability and overall survival 

in patients with platinum-sensitive, 

recurrent high-grade serous ovarian 

cancer treated with maintenance 

olaparib capsules following response to 

chemotherapy. Br J Cancer 119, 1075-

1085 (2018). 

23. Mirza, M.R., et al. Niraparib Maintenance 

Therapy in Platinum-Sensitive, 

Recurrent Ovarian Cancer. N Engl J Med 

375, 2154-2164 (2016). 

24. Coleman, R.L., et al. Rucaparib 

maintenance treatment for recurrent 

ovarian carcinoma after response to 

platinum therapy (ARIEL3): a 

randomised, double-blind, placebo-

controlled, phase 3 trial. Lancet 390, 

1949-1961 (2017). 

25. Moore, K., et al. Maintenance Olaparib in 

Patients with Newly Diagnosed 

Advanced Ovarian Cancer. N Engl J Med 

379, 2495-2505 (2018). 

26. Gonzalez-Martin, A., et al. Niraparib in 

Patients with Newly Diagnosed 

Advanced Ovarian Cancer. N Engl J Med 

381, 2391-2402 (2019). 

27. Ray-Coquard, I., et al. Olaparib plus 

Bevacizumab as First-Line Maintenance 

in Ovarian Cancer. N Engl J Med 381, 

2416-2428 (2019). 

28. Moore, K.N., et al. A phase I study of 

intravenous or intraperitoneal platinum 

based chemotherapy in combination 

with veliparib and bevacizumab in 

newly diagnosed ovarian, primary 

peritoneal and fallopian tube cancer. 

Gynecol Oncol 156, 13-22 (2020). 

29. Ahmad, A., Olah, G., Herndon, D.N. & 

Szabo, C. The clinically used PARP 

inhibitor olaparib improves organ 

function, suppresses inflammatory 

responses and accelerates wound 

healing in a murine model of third-

degree burn injury. Br J Pharmacol 175, 

232-245 (2018). 

30. Banerjee, J., Lodhi, N. & Nguyen, B.N. 

The Role of Poly(ADP-Ribose) 

Polymerase-1 in Cutaneous Wound 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C

http://www.ema.europa.eu/en/documents/product-information/avastin-epar-product-information_en.pdf
http://www.ema.europa.eu/en/documents/product-information/avastin-epar-product-information_en.pdf
http://www.ema.europa.eu/en/documents/product-information/avastin-epar-product-information_en.pdf
http://www.ema.europa.eu/en/documents/product-information/avastin-epar-product-information_en.pdf


 

87 

Healing. Adv Wound Care (New Rochelle) 

8, 634-643 (2019). 

31. Gershenson, D.M., Cobb, L.P. & Sun, C.C. 

Endocrine therapy in the management 

of low-grade serous ovarian/peritoneal 

carcinoma: Mounting evidence for 

therelative efficacy of tamoxifen and 

aromatase inhibitors. Gynecol Oncol 

159, 601-603 (2020). 

32. Harter, P., et al. A Randomized Trial of 

Lymphadenectomy in Patients with 

Advanced Ovarian Neoplasms. N Engl J 

Med 380, 822-832 (2019). 

33. Bretagnol, F., et al. Rectal cancer surgery 

with or without bowel preparation: The 

French GRECCAR III multicenter single-

blinded randomized trial. Ann Surg 252, 

863-868 (2010). 

34. Cao, F., Li, J. & Li, F. Mechanical bowel 

preparation for elective colorectal 

surgery: updated systematic review and 

meta-analysis. Int J Colorectal Dis 27, 

803-810 (2012). 

35. Rollins, K.E., Javanmard-Emamghissi, H. 

& Lobo, D.N. Impact of mechanical 

bowel preparation in elective colorectal 

surgery: A meta-analysis. World J 

Gastroenterol 24, 519-536 (2018). 

36. Saha, A.K., et al. Mechanical bowel 

preparation versus no preparation 

before colorectal surgery: A randomized 

prospective trial in a tertiary care 

institute. J Nat Sci Biol Med 5, 421-424 

(2014). 

37. Toh, J.W.T., et al. Association of 

Mechanical Bowel Preparation and Oral 

Antibiotics Before Elective Colorectal 

Surgery With Surgical Site Infection: A 

Network Meta-analysis. JAMA Netw 

Open 1, e183226 (2018). 

38. Deura, I., et al. Incidence and risk factors 

for lower limb lymphedema after 

gynecologic cancer surgery with 

initiation of periodic complex 

decongestive physiotherapy. Int J Clin 

Oncol 20, 556-560 (2015). 

39. Dahabreh, I.J., Steele, D.W., Shah, N. & 

Trikalinos, T.A. Oral Mechanical Bowel 

Preparation for Colorectal Surgery: 

Systematic Review and Meta-Analysis. 

Dis Colon Rectum 58, 698-707 (2015). 

40. Rollins, K.E. Bowel preparation in 

elective colorectal surgery: is 

mechanical bowel preparation 

necessary? Lancet Gastroenterol Hepatol 

5, 712-713 (2020). 

41. Migaly, J., et al. The American Society of 

Colon and Rectal Surgeons Clinical 

Practice Guidelines for the Use of Bowel 

Preparation in Elective Colon and Rectal 

Surgery. Dis Colon Rectum 62, 3-8 

(2019). 

42. Suadee, W. & Suprasert, P. Appropriate 

Bowel Preparation for Laparotomy 

Gynecologic Surgery: A Prospective, 

Surgeon-Blinded Randomized Study. 

Gynecol Obstet Invest 82, 287-293 

(2017). 

43. Eskicioglu, C., Forbes, S.S., Fenech, D.S. & 

McLeod, R.S. Preoperative bowel 

preparation for patients undergoing 

elective colorectal surgery: a clinical 

practice guideline endorsed by the 

Canadian Society of Colon and Rectal 

Surgeons. Can J Surg 53, 385-395 

(2010). 

44. Altman, A.D., et al. Guidelines for vulvar 

and vaginal surgery: Enhanced 

Recovery After Surgery Society 

recommendations. Am J Obstet Gynecol 

223, 475-485 (2020). 

45. Ambe, P.C., Zarras, K., Stodolski, M., 

Wirjawan, I. & Zirngibl, H. Routine 

preoperative mechanical bowel 

preparation with additive oral 

antibiotics is associated with a reduced 

risk of anastomotic leakage in patients 

undergoing elective oncologic resection 

for colorectal cancer. World J Surg Oncol 

17, 20 (2019). 

46. Rollins, K.E., Javanmard-Emamghissi, H., 

Acheson, A.G. & Lobo, D.N. The Role of 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

88 

Oral Antibiotic Preparation in Elective 

Colorectal Surgery: A Meta-analysis. Ann 

Surg 270, 43-58 (2019). 

47. Fry, D.E. Review of The American 

Society of Colon and Rectal Surgeons 

Clinical Practice Guidelines for the Use 

of Bowel Preparation in Elective Colon 

and Rectal Surgery. JAMA Surg (2019). 

48. Badia, J.M. & Arroyo-Garcia, N. 

Mechanical bowel preparation and oral 

antibiotic prophylaxis in colorectal 

surgery: Analysis of evidence and 

narrative review. Cir Esp 96, 317-325 

(2018). 

49. Kiran, R.P., Murray, A.C., Chiuzan, C., 

Estrada, D. & Forde, K. Combined 

preoperative mechanical bowel 

preparation with oral antibiotics 

significantly reduces surgical site 

infection, anastomotic leak, and ileus 

after colorectal surgery. Ann Surg 262, 

416-425; discussion 423-415 (2015). 

50. Klinger, A.L., et al. The Role of Bowel 

Preparation in Colorectal Surgery: 

Results of the 2012-2015 ACS-NSQIP 

Data. Ann Surg 269, 671-677 (2019). 

51. Moghadamyeghaneh, Z., et al. 

Nationwide analysis of outcomes of 

bowel preparation in colon surgery. J 

Am Coll Surg 220, 912-920 (2015). 

52. Kaslow, S.R., Gani, F., Alshaikh, H.N. & 

Canner, J.K. Clinical outcomes following 

mechanical plus oral antibiotic bowel 

preparation versus oral antibiotics 

alone in patients undergoing colorectal 

surgery. BJS Open 2, 238-245 (2018). 

53. Ban, K.A., et al. American College of 

Surgeons and Surgical Infection Society: 

Surgical Site Infection Guidelines, 2016 

Update. J Am Coll Surg 224, 59-74 

(2017). 

54. Bratzler, D.W., et al. Clinical practice 

guidelines for antimicrobial prophylaxis 

in surgery. Surg Infect (Larchmt) 14, 73-

156 (2013). 

55. Lippitt, M.H., et al. Outcomes Associated 

With a Five-Point Surgical Site Infection 

Prevention Bundle in Women 

Undergoing Surgery for Ovarian Cancer. 

Obstet Gynecol 130, 756-764 (2017). 

56. Kalogera, E., et al. Surgical technical 

evidence review for gynecologic surgery 

conducted for the Agency for Healthcare 

Research and Quality Safety Program 

for Improving Surgical Care and 

Recovery. Am J Obstet Gynecol 219, 563 

e561-563 e519 (2018). 

57. Boyce, J.M. Best products for skin 

antisepsis. Am J Infect Control 47S, A17-

A22 (2019). 

58. Webster, J. & Osborne, S. Preoperative 

bathing or showering with skin 

antiseptics to prevent surgical site 

infection. Cochrane Database Syst Rev, 

CD004985 (2015). 

59. Franco, L.M., Cota, G.F., Pinto, T.S. & 

Ercole, F.F. Preoperative bathing of the 

surgical site with chlorhexidine for 

infection prevention: Systematic review 

with meta-analysis. Am J Infect Control 

45, 343-349 (2017). 

60. Rupp, M.E., et al. Effect of hospital-wide 

chlorhexidine patient bathing on 

healthcare-associated infections. Infect 

Control Hosp Epidemiol 33, 1094-1100 

(2012). 

61. National Institute for Health and Care 

Excellence Guideline. Surgical site 

infections: prevention and treatment. 

https://www.nice.org.uk/guidance/ng1

25/chapter/Recommendations. (2020). 

62. Davies, B.M. & Patel, H.C. Systematic 

Review and Meta-Analysis of 

Preoperative Antisepsis with 

Combination Chlorhexidine and 

Povidone-Iodine. Surg J (N Y) 2, e70-e77 

(2016). 

63. Chen, S., Chen, J.W., Guo, B. & Xu, C.C. 

Preoperative Antisepsis with 

Chlorhexidine Versus Povidone-Iodine 

for the Prevention of Surgical Site 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C

http://www.nice.org.uk/guidance/ng125/chapter/Recommendations
http://www.nice.org.uk/guidance/ng125/chapter/Recommendations


 

89 

Infection: a Systematic Review and 

Meta-analysis. World J Surg 44, 1412-

1424 (2020). 

64. Al-Niaimi, A., et al. Safety and 

tolerability of chlorhexidine gluconate 

(2%) as a vaginal operative preparation 

in patients undergoing gynecologic 

surgery. Am J Infect Control 44, 996-998 

(2016). 

65. Jeppson, P.C., et al. Comparison of 

Vaginal Hysterectomy Techniques and 

Interventions for Benign Indications: A 

Systematic Review. Obstet Gynecol 129, 

877-886 (2017). 

66. Haas, D.M., Morgan, S., Contreras, K. & 

Enders, S. Vaginal preparation with 

antiseptic solution before cesarean 

section for preventing postoperative 

infections. Cochrane Database Syst Rev 

7, CD007892 (2018). 

67. Edmiston, C.E., Jr., et al. Revisiting 

Perioperative Hair Removal Practices. 

AORN J 109, 583-596 (2019). 

68. Kowalski, T.J., Kothari, S.N., Mathiason, 

M.A. & Borgert, A.J. Impact of Hair 

Removal on Surgical Site Infection 

Rates: A Prospective Randomized 

Noninferiority Trial. J Am Coll Surg 223, 

704-711 (2016). 

69. Plett, H., et al. Current practice and 

physicians' opinion about preoperative 

hair removal as a part of ERAS pathway 

implementation in gynecology and 

gynecology-oncology: a NOGGO-AGO 

survey of 148 gynecological 

departments in Germany. Arch Gynecol 

Obstet 299, 1607-1618 (2019). 

70. Thur de Koos, P. & McComas, B. Shaving 

versus skin depilatory cream for 

preoperative skin preparation. A 

prospective study of wound infection 

rates. Am J Surg 145, 377-378 (1983). 

71. Goeau-Brissonniere, O., et al. 

[Preoperative skin preparation. A 

prospective study comparing a 

depilatory agent in shaving]. Presse Med 

16, 1517-1519 (1987). 

72. Abouzari, M., Sodagari, N., Hasibi, M., 

Behzadi, M. & Rashidi, A. Re: Nonshaved 

cranial surgery in black Africans: a 

short-term prospective preliminary 

study (Adeleye and Olowookere, Surg 

Neurol 2008;69-72) Effect of hair on 

surgical wound infection after cranial 

surgery: a 3-armed randomized clinical 

trial. Surg Neurol 71, 261-262; author 

reply 262 (2009). 

73. Adisa, A.O., Lawal, O.O. & Adejuyigbe, O. 

Evaluation of two methods of 

preoperative hair removal and their 

relationship to postoperative wound 

infection. J Infect Dev Ctries 5, 717-722 

(2011). 

74. Alexander, J.W., Fischer, J.E., Boyajian, 

M., Palmquist, J. & Morris, M.J. The 

influence of hair-removal methods on 

wound infections. Arch Surg 118, 347-

352 (1983). 

75. Balthazar, E.R., Colt, J.D. & Nichols, R.L. 

Preoperative hair removal: a random 

prospective study of shaving versus 

clipping. South Med J 75, 799-801 

(1982). 

76. Celik, S.E. & Kara, A. Does shaving the 

incision site increase the infection rate 

after spinal surgery? Spine (Phila Pa 

1976) 32, 1575-1577 (2007). 

77. Court-Brown, C.M. Preoperative skin 

depilation and its effect on 

postoperative wound infections. J R Coll 

Surg Edinb 26, 238-241 (1981). 

78. Grober, E.D., Domes, T., Fanipour, M. & 

Copp, J.E. Preoperative hair removal on 

the male genitalia: clippers vs. razors. J 

Sex Med 10, 589-594 (2013). 

79. Horgan, M.A., et al. Shaveless brain 

surgery: safe, well tolerated, and cost 

effective. Skull Base Surg 9, 253-258 

(1999). 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

90 

80. Ilankovan, V. & Starr, D.G. Preoperative 

shaving: patient and surgeon 

preferences and complications for the 

Gillies incision. J R Coll Surg Edinb 37, 

399-401 (1992). 

81. Kattipattanapong, W., Isaradisaikul, S. & 

Hanprasertpong, C. Surgical site 

infections in ear surgery: hair removal 

effect; a preliminary, randomized trial 

study. Otolaryngol Head Neck Surg 148, 

469-474 (2013). 

82. Powis, S.J., Waterworth, T.A. & Arkell, 

D.G. Preoperative skin preparation: 

clinical evaluation of depilatory cream. 

Br Med J 2, 1166-1168 (1976). 

83. Rojanapirom, S. & Danchaivijitr, S. Pre-

operative shaving and wound infection 

in appendectomy. J Med Assoc Thai 75 

Suppl 2, 20-23 (1992). 

84. Seropian, R. & Reynolds, B.M. Wound 

infections after preoperative depilatory 

versus razor preparation. Am J Surg 

121, 251-254 (1971). 

85. Guideline for preoperative patient skin 

antisepsis. In: Guidelines for 

Perioperative Practice. Denver, CO: 

AORN, Inc; 2019:579-606. 

86. Campbell, J.P., et al. Safety guideline: 

skin antisepsis for central neuraxial 

blockade. Anaesthesia 69, 1279-1286 

(2014). 

87. Kinirons, B., et al. Chlorhexidine versus 

povidone iodine in preventing 

colonization of continuous epidural 

catheters in children: a randomized, 

controlled trial. Anesthesiology 94, 239-

244 (2001). 

88. Haynes, A.B., et al. A surgical safety 

checklist to reduce morbidity and 

mortality in a global population. N Engl J 

Med 360, 491-499 (2009). 

89. Pugel, A.E., Simianu, V.V., Flum, D.R. & 

Patchen Dellinger, E. Use of the surgical 

safety checklist to improve 

communication and reduce 

complications. J Infect Public Health 8, 

219-225 (2015). 

90. Cushley, C., Knight, T., Murray, H. & 

Kidd, L. Writing's on the wall: improving 

the WHO Surgical Safety Checklist. BMJ 

Open Qual 10(2021). 

91. Sendlhofer, G., et al. Reality check of 

using the surgical safety checklist: A 

qualitative study to observe application 

errors during snapshot audits. PLoS One 

13, e0203544 (2018). 

92. Beckett, A.E. Are we doing enough to 

prevent patient injury caused by 

positioning for surgery? J Perioper Pract 

20, 26-29 (2010). 

93. Spruce, L. & Van Wicklin, S.A. Back to 

basics: positioning the patient. AORN J 

100, 298-305 (2014). 

94. Knight, D.J. & Mahajan, R.P. Patient 

positioning in anaesthesia. BJA 

Education 4, 160-163 (2004). 

95. Bjoro, B., et al. Intraoperative peripheral 

nerve injury related to lithotomy 

positioning with steep Trendelenburg in 

patients undergoing robotic-assisted 

laparoscopic surgery - A systematic 

review. J Adv Nurs 76, 490-503 (2020). 

96. Bradshaw, A.D. & Advincula, A.P. 

Postoperative neuropathy in 

gynecologic surgery. Obstet Gynecol Clin 

North Am 37, 451-459 (2010). 

97. Hewson, D.W., Bedforth, N.M. & 

Hardman, J.G. Peripheral nerve injury 

arising in anaesthesia practice. 

Anaesthesia 73 Suppl 1, 51-60 (2018). 

98. Bommert, M., et al. Perioperative 

management of positioning in 

gynecological cancersurgery: a national 

NOGGO-AGO intergroup survey. Int J 

Gynecol Cancer 30, 1589-1594 (2020). 

99. Maneschi, F., et al. Femoral nerve injury 

complicating surgery for gynecologic 

cancer. Int J Gynecol Cancer 24, 1112-

1117 (2014). 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

91 

100. Bradshaw, A.D. & Advincula, A.P. 

Optimizing patient positioning and 

understanding radiofrequency energy in 

gynecologic surgery. Clin Obstet Gynecol 

53, 511-520 (2010). 

101. Fischer, D., Neb, H., Choorapoikayil, S., 

Zacharowski, K. & Meybohm, P. Red 

blood cell transfusion and its 

alternatives in oncologic surgery-A 

critical evaluation. Crit Rev Oncol 

Hematol 134, 1-9 (2019). 

102. Tzounakas, V.L., Seghatchian, J., Grouzi, 

E., Kokoris, S. & Antonelou, M.H. Red 

blood cell transfusion in surgical cancer 

patients: Targets, risks, mechanistic 

understanding and further therapeutic 

opportunities. Transfus Apher Sci 56, 

291-304 (2017). 

103. Altman, A.D., et al. The effects of anemia 

and blood transfusion on patients with 

stage III-IV ovarian cancer. Int J Gynecol 

Cancer 23, 1569-1576 (2013). 

104. Connor, J.P., O'Shea, A., McCool, K., 

Sampene, E. & Barroilhet, L.M. Peri-

operative allogeneic blood transfusion is 

associated with poor overall survival in 

advanced epithelial ovarian Cancer; 

potential impact of patient blood 

management on Cancer outcomes. 

Gynecol Oncol 151, 294-298 (2018). 

105. De Oliveira, G.S., Jr., et al. The 

association between allogeneic 

perioperative blood transfusion on 

tumour recurrence and survival in 

patients with advanced ovarian cancer. 

Transfus Med 22, 97-103 (2012). 

106. Iqbal, N., et al. Red blood cell transfusion 

and outcome in cancer. Transfus Apher 

Sci 56, 287-290 (2017). 

107. Prescott, L.S., et al. Perioperative blood 

transfusion in gynecologic oncology 

surgery: analysis of the National 

Surgical Quality Improvement Program 

Database. Gynecol Oncol 136, 65-70 

(2015). 

108. Hunsicker, O., et al. Transfusion of red 

blood cells does not impact progression-

free and overall survival after surgery 

for ovarian cancer. Transfusion 59, 

3589-3600 (2019). 

109. Pergialiotis, V., et al. Perioperative blood 

transfusion and ovarian cancer survival 

rates: A meta-analysis based on 

univariate, multivariate and propensity 

score matched data. Eur J Obstet Gynecol 

Reprod Biol 252, 137-143 (2020). 

110. Cybulska, P., Goss, C., Tew, W.P., 

Parameswaran, R. & Sonoda, Y. 

Indications for and complications of 

transfusion and the management of 

gynecologic malignancies. Gynecol Oncol 

146, 416-426 (2017). 

111. Richards, T., et al. Impact of 

Preoperative Anaemia and Blood 

Transfusion on Postoperative Outcomes 

in Gynaecological Surgery. PLoS One 10, 

e0130861 (2015). 

112. Ackroyd, S.A., et al. A preoperative risk 

score to predict red blood cell 

transfusion in patients undergoing 

hysterectomy for ovarian cancer. Am J 

Obstet Gynecol 219, 598 e591-598 e510 

(2018). 

113. Kim, Y.T., et al. Effect of intravenously 

administered iron sucrose on the 

prevention of anemia in the cervical 

cancer patients treated with concurrent 

chemoradiotherapy. Gynecol Oncol 105, 

199-204 (2007). 

114. Avni, T., et al. The safety of intravenous 

iron preparations: systematic review 

and meta-analysis. Mayo Clin Proc 90, 

12-23 (2015). 

115. Kozek-Langenecker, S.A., et al. 

Management of severe perioperative 

bleeding: guidelines from the European 

Society of Anaesthesiology: First update 

2016. Eur J Anaesthesiol 34, 332-395 

(2017). 

116. Hebert, P.C., et al. A multicenter, 

randomized, controlled clinical trial of 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

92 

transfusion requirements in critical 

care. Transfusion Requirements in 

Critical Care Investigators, Canadian 

Critical Care Trials Group. N Engl J Med 

340, 409-417 (1999). 

117. Boone, J.D., Kim, K.H., Marques, M. & 

Straughn, J.M. Compliance rates and 

outcomes associated with a restrictive 

transfusion policy in gynecologic 

oncology patients. Gynecol Oncol 132, 

227-230 (2014). 

118. Prescott, L.S., et al. How low should we 

go: A systematic review and meta-

analysis of the impact of restrictive red 

blood cell transfusion strategies in 

oncology. Cancer Treat Rev 46, 1-8 

(2016). 

119. Mark, J., et al. Implementation of a 

restrictive blood transfusion protocol in 

a gynecologic oncology service. Gynecol 

Reprod Endocrinol 3, 1-5 (2019). 

120. de Almeida, J.P., et al. Transfusion 

requirements in surgical oncology 

patients: a prospective, randomized 

controlled trial. Anesthesiology 122, 29-

38 (2015). 

121. Bergamin, F.S., et al. Liberal Versus 

Restrictive Transfusion Strategy in 

Critically Ill Oncologic Patients: The 

Transfusion Requirements in Critically 

Ill Oncologic Patients Randomized 

Controlled Trial. Crit Care Med 45, 766-

773 (2017). 

122. Prescott, L.S., et al. Choosing Wisely: 

Decreasing the incidence of 

perioperative blood transfusions in 

gynecologic oncology. Gynecol Oncol 

153, 597-603 (2019). 

123. Zaw, A.S., Bangalore Kantharajanna, S. & 

Kumar, N. Is Autologous Salvaged Blood 

a Viable Option for Patient Blood 

Management in Oncologic Surgery? 

Transfus Med Rev 31, 56-61 (2017). 

124. Galaal, K., et al. Trial of intraoperative 

cell salvage versus transfusion in 

ovarian cancer (TIC TOC): protocol for a 

randomised controlled feasibility study. 

BMJ Open 8, e024108 (2018). 

125. Henry, D.A., et al. Anti-fibrinolytic use 

for minimising perioperative allogeneic 

blood transfusion. Cochrane Database 

Syst Rev, CD001886 (2011). 

126. Lundin, E.S., et al. Single-dose 

tranexamic acid in advanced ovarian 

cancer surgery reduces blood loss and 

transfusions: double-blind placebo-

controlled randomized multicenter 

study. Acta Obstet Gynecol Scand 93, 

335-344 (2014). 

127. Wallace, S.K., et al. Optimizing Blood 

Transfusion Practices Through Bundled 

Intervention Implementation in Patients 

With Gynecologic Cancer Undergoing 

Laparotomy. Obstet Gynecol 131, 891-

898 (2018). 

128. Zakhari, A., Sanders, A.P. & Solnik, M.J. 

Tranexamic acid in gynecologic surgery. 

Curr Med Res Opin 36, 513-520 (2020). 

129. Xie, J., et al. Does tranexamic acid alter 

the risk of thromboembolism following 

primary total knee arthroplasty with 

sequential earlier anticoagulation? A 

large, single center, prospective cohort 

study of consecutive cases. Thromb Res 

136, 234-238 (2015). 

130. Fillingham, Y.A., et al. Tranexamic acid 

in total joint arthroplasty: the endorsed 

clinical practice guides of the American 

Association of Hip and Knee Surgeons, 

American Society of Regional 

Anesthesia and Pain Medicine, American 

Academy of Orthopaedic Surgeons, Hip 

Society, and Knee Society. Reg Anesth 

Pain Med 44, 7-11 (2019). 

131. Roberts, I., et al. The CRASH-2 trial: a 

randomised controlled trial and 

economic evaluation of the effects of 

tranexamic acid on death, vascular 

occlusive events and transfusion 

requirement in bleeding trauma 

patients. Health Technol Assess 17, 1-79 

(2013). 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

93 

132. Xenos, E.S., Vargas, H.D. & Davenport, 

D.L. Association of blood transfusion 

and venous thromboembolism after 

colorectal cancer resection. Thromb Res 

129, 568-572 (2012). 

133. Prasad, R., Patki, A., Padhy, S. & 

Ramchandran, G. Single intravenous 

bolus versus perioperative continuous 

infusion of tranexamic acid to reduce 

blood loss in abdominal oncosurgical 

procedures: A prospective randomized 

double-blind clinical study. J 

Anaesthesiol Clin Pharmacol 34, 529-

534 (2018). 

134. Ge, L.N. & Wang, F. Prognostic 

significance of preoperative serum 

albumin in epithelial ovarian cancer 

patients: a systematic review and dose-

response meta-analysis of observational 

studies. Cancer Manag Res 10, 815-825 

(2018). 

135. Ayhan, A., et al. The preoperative 

albumin level is an independent 

prognostic factor for optimally debulked 

epithelial ovarian cancer. Arch Gynecol 

Obstet 296, 989-995 (2017). 

136. Ataseven, B., et al. Pre-operative serum 

albumin is associated with post-

operative complication rate and overall 

survival in patients with epithelial 

ovarian cancer undergoing 

cytoreductive surgery. Gynecol Oncol 

138, 560-565 (2015). 

137. Koirala, P., Moon, A.S. & Chuang, L. 

Clinical Utility of Preoperative 

Assessment in Ovarian Cancer 

Cytoreduction. Diagnostics (Basel) 

10(2020). 

138. Yasumura, S., et al. Evidence-based 

Guidelines for the Use of Albumin 

Products Japan Society of Transfusion 

Medicine and Cell Therapy. Japanese 

Journal of Transfusion and Cell Therapy 

63, 641-663 (2017). 

139. Myles, P.S., et al. Restrictive versus 

Liberal Fluid Therapy for Major 

Abdominal Surgery. N Engl J Med 378, 

2263-2274 (2018). 

140. Desale, M.G., et al. Perioperative fluid 

status and surgical outcomes in patients 

undergoing cytoreductive surgery for 

advanced epithelial ovarian cancer. 

Gynecol Oncol (2016). 

141. Lilot, M., et al. Variability in practice and 

factors predictive of total crystalloid 

administration during abdominal 

surgery: retrospective two-centre 

analysis. Br J Anaesth 114, 767-776 

(2015). 

142. Feldheiser, A., et al. Development and 

feasibility study of an algorithm for 

intraoperative goaldirected 

haemodynamic management in 

noncardiac surgery. J Int Med Res 40, 

1227-1241 (2012). 

143. Gan, T.J., et al. Goal-directed 

intraoperative fluid administration 

reduces length of hospital stay after 

major surgery. Anesthesiology 97, 820-

826 (2002). 

144. Noblett, S.E., Snowden, C.P., Shenton, 

B.K. & Horgan, A.F. Randomized clinical 

trial assessing the effect of Doppler-

optimized fluid management on 

outcome after elective colorectal 

resection. Br J Surg 93, 1069-1076 

(2006). 

145. Pearse, R., et al. Early goal-directed 

therapy after major surgery reduces 

complications and duration of hospital 

stay. A randomised, controlled trial 

[ISRCTN38797445]. Crit Care 9, R687-

693 (2005). 

146. Gomez-Izquierdo, J.C., et al. Goal-

directed Fluid Therapy Does Not Reduce 

Primary Postoperative Ileus after 

Elective Laparoscopic Colorectal 

Surgery: A Randomized Controlled Trial. 

Anesthesiology 127, 36-49 (2017). 

147. Phan, T.D., D'Souza, B., Rattray, M.J., 

Johnston, M.J. & Cowie, B.S. A 

randomised controlled trial of fluid 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

94 

restriction compared to oesophageal 

Doppler-guided goal-directed fluid 

therapy in elective major colorectal 

surgery within an Enhanced Recovery 

After Surgery program. Anaesth 

Intensive Care 42, 752-760 (2014). 

148. Rollins, K.E. & Lobo, D.N. Intraoperative 

Goal-directed Fluid Therapy in Elective 

Major Abdominal Surgery: A Meta-

analysis of Randomized Controlled 

Trials. Ann Surg 263, 465-476 (2016). 

149. Hunsicker, O., et al. Hemodynamic 

Consequences of Malignant Ascites in 

Epithelial Ovarian Cancer Surgery*: A 

Prospective Substudy of a Randomized 

Controlled Trial. Medicine (Baltimore) 

94, e2108 (2015). 

150. Sessler, D.I. Perioperative 

thermoregulation and heat balance. 

Lancet 387, 2655-2664 (2016). 

151. Billeter, A.T., Hohmann, S.F., Druen, D., 

Cannon, R. & Polk, H.C., Jr. Unintentional 

perioperative hypothermia is associated 

with severe complications and high 

mortality in elective operations. Surgery 

156, 1245-1252 (2014). 

152. Rajagopalan, S., Mascha, E., Na, J. & 

Sessler, D.I. The effects of mild 

perioperative hypothermia on blood 

loss and transfusion requirement. 

Anesthesiology 108, 71-77 (2008). 

153. Frank, S.M., et al. Perioperative 

maintenance of normothermia reduces 

the incidence of morbid cardiac events. 

A randomized clinical trial. JAMA 277, 

1127-1134 (1997). 

154. Leslie, K., Sessler, D.I., Bjorksten, A.R. & 

Moayeri, A. Mild hypothermia alters 

propofol pharmacokinetics and 

increases the duration of action of 

atracurium. Anesth Analg 80, 1007-

1014 (1995). 

155. NICE guideline 65. Hypothermia: 

prevention and management in adults 

having surgery (last updated : 14 

December 2016) available from 

https://www.nice.org.uk/guidance/cg6

5. 

156. Kaufner, L., et al. Impact of brief 

prewarming on anesthesia-related core-

temperature drop, hemodynamics, 

microperfusion and postoperative 

ventilation in cytoreductive surgery of 

ovarian cancer: a randomized trial. BMC 

Anesthesiol 19, 161 (2019). 

157. Martinez-Calle, N., et al. Implementation 

of a management protocol for massive 

bleeding reduces mortality in non-

trauma patients: Results from a single 

centre audit. Med Intensiva 40, 550-559 

(2016). 

158. Wolberg, A.S., Meng, Z.H., Monroe, D.M., 

3rd & Hoffman, M. A systematic 

evaluation of the effect of temperature 

on coagulation enzyme activity and 

platelet function. J Trauma 56, 1221-

1228 (2004). 

159. Meng, Z.H., Wolberg, A.S., Monroe, D.M., 

3rd & Hoffman, M. The effect of 

temperature and pH on the activity of 

factor VIIa: implications for the efficacy 

of high-dose factor VIIa in hypothermic 

and acidotic patients. J Trauma 55, 886-

891 (2003). 

160. Poder, T.G., et al. Pressure Infusion Cuff 

and Blood Warmer during Massive 

Transfusion: An Experimental Study 

About Hemolysis and Hypothermia. 

PLoS One 11, e0163429 (2016). 

161. Giancarelli, A., Birrer, K.L., Alban, R.F., 

Hobbs, B.P. & Liu-DeRyke, X. 

Hypocalcemia in trauma patients 

receiving massive transfusion. J Surg Res 

202, 182-187 (2016). 

162. Byerly, S., et al. Transfusion-Related 

Hypocalcemia After Trauma. World J 

Surg 44, 3743-3750 (2020). 

163. Moore, H.B., et al. Forgot calcium? 

Admission ionized-calcium in two 

civilian randomized controlled trials of 

prehospital plasma for traumatic 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C

http://www.nice.org.uk/guidance/cg65
http://www.nice.org.uk/guidance/cg65


 

95 

hemorrhagic shock. J Trauma Acute Care 

Surg 88, 588-596 (2020). 

164. Ebner, M., et al. Limitations of Specific 

Coagulation Tests for Direct Oral 

Anticoagulants: A Critical Analysis. J Am 

Heart Assoc 7, e009807 (2018). 

165. Connolly, S.J., et al. Full Study Report of 

Andexanet Alfa for Bleeding Associated 

with Factor Xa Inhibitors. N Engl J Med 

380, 1326-1335 (2019). 

166. Pollack, C.V., Jr., et al. Idarucizumab for 

Dabigatran Reversal - Full Cohort 

Analysis. N Engl J Med 377, 431-441 

(2017). 

167. Majeed, A., et al. Management of 

rivaroxaban- or apixaban-associated 

major bleeding with prothrombin 

complex concentrates: a cohort study. 

Blood 130, 1706-1712 (2017). 

168. Gerner, S.T., et al. Association of 

prothrombin complex concentrate 

administration and hematoma 

enlargement in non-vitamin K 

antagonist oral anticoagulant-related 

intracerebral hemorrhage. Ann Neurol 

83, 186-196 (2018). 

169. Shinagawa, S., Kagiya, A., Kikuchi, M. & 

Takano, A. Gynecological malignancies 

and disseminated intravascular 

coagulation. Nihon Sanka Fujinka Gakkai 

Zasshi 36, 108-112 (1984). 

170. Rak, J., Milsom, C., May, L., Klement, P. & 

Yu, J. Tissue factor in cancer and 

angiogenesis: the molecular link 

between genetic tumor progression, 

tumor neovascularization, and cancer 

coagulopathy. Semin Thromb Hemost 32, 

54-70 (2006). 

171. Papageorgiou, C., et al. Disseminated 

Intravascular Coagulation: An Update on 

Pathogenesis, Diagnosis, and 

Therapeutic Strategies. Clin Appl 

Thromb Hemost 24, 8S-28S (2018). 

172. Suzuki, K., et al. A re-evaluation of the D-

dimer cut-off value for making a 

diagnosis according to the ISTH overt-

DIC diagnostic criteria: communication 

from the SSC of the ISTH. J Thromb 

Haemost 16, 1442-1444 (2018). 

173. Levi, M., Toh, C.H., Thachil, J. & Watson, 

H.G. Guidelines for the diagnosis and 

management of disseminated 

intravascular coagulation. British 

Committee for Standards in 

Haematology. Br J Haematol 145, 24-33 

(2009). 

174. Seyednejad, H., Imani, M., Jamieson, T. & 

Seifalian, A.M. Topical haemostatic 

agents. Br J Surg 95, 1197-1225 (2008). 

175. Recinos, G., Inaba, K., Dubose, J., 

Demetriades, D. & Rhee, P. Local and 

systemic hemostatics in trauma: a 

review. Ulus Travma Acil Cerrahi Derg 

14, 175-181 (2008). 

176. Pereira, B.M., Bortoto, J.B. & Fraga, G.P. 

Topical hemostatic agents in surgery: 

review and prospects. Rev Col Bras Cir 

45, e1900 (2018). 

177. Witte, B., Kroeber, S.M., Hillebrand, H., 

Wolf, M. & Huertgen, M. Cotton-derived 

oxidized cellulose in minimally invasive 

thoracic surgery: a clinicopathological 

study. Innovations (Phila) 8, 296-301 

(2013). 

178. Achneck, H.E., et al. A comprehensive 

review of topical hemostatic agents: 

efficacy and recommendations for use. 

Ann Surg 251, 217-228 (2010). 

179. Ollinger, R., et al. A multicentre, 

randomized clinical trial comparing the 

Veriset haemostatic patch with fibrin 

sealant for the management of bleeding 

during hepatic surgery. HPB (Oxford) 

15, 548-558 (2013). 

180. Pursifull, N.F., Morris, M.S., Harris, R.A. & 

Morey, A.F. Damage control 

management of experimental grade 5 

renal injuries: further evaluation of 

FloSeal gelatin matrix. J Trauma 60, 

346-350 (2006). 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

96 

181. Weaver, F.A., Hood, D.B., Zatina, M., 

Messina, L. & Badduke, B. Gelatin-

thrombin-based hemostatic sealant for 

intraoperative bleeding in vascular 

surgery. Ann Vasc Surg 16, 286-293 

(2002). 

182. Oz, M.C., et al. Controlled clinical trial of 

a novel hemostatic agent in cardiac 

surgery. The Fusion Matrix Study Group. 

Ann Thorac Surg 69, 1376-1382 (2000). 

183. Oz, M.C., Rondinone, J.F. & Shargill, N.S. 

FloSeal Matrix: new generation topical 

hemostatic sealant. J Card Surg 18, 486-

493 (2003). 

184. Reuthebuch, O., Lachat, M.L., Vogt, P., 

Schurr, U. & Turina, M. FloSeal: a new 

hemostyptic agent in peripheral 

vascular surgery. Vasa 29, 204-206 

(2000). 

185. Guzzo, T.J., et al. Safety and efficacy of a 

surgeon-prepared gelatin hemostatic 

agent compared with FloSeal for 

hemostasis in laparoscopic partial 

nephrectomy. J Endourol 23, 279-282 

(2009). 

186. Wagner, W.R., Pachence, J.M., Ristich, J. 

& Johnson, P.C. Comparative in vitro 

analysis of topical hemostatic agents. J 

Surg Res 66, 100-108 (1996). 

187. Sherman, R., Chapman, W.C., Hannon, G. 

& Block, J.E. Control of bone bleeding at 

the sternum and iliac crest donor sites 

using a collagen-based composite 

combined with autologous plasma: 

results of a randomized controlled trial. 

Orthopedics 24, 137-141 (2001). 

188. Chapman, W.C., Clavien, P.A., Fung, J., 

Khanna, A. & Bonham, A. Effective 

control of hepatic bleeding with a novel 

collagen-based composite combined 

with autologous plasma: results of a 

randomized controlled trial. Arch Surg 

135, 1200-1204; discussion 1205 

(2000). 

189. Smith, K.J., Skelton, H.G., Barrett, T.L., 

Welch, M. & Beard, J. Histologic and 

immunohistochemical features in 

biopsy sites in which bovine collagen 

matrix was used for hemostasis. J Am 

Acad Dermatol 34, 434-438 (1996). 

190. A novel collagen-based composite offers 

effective hemostasis for multiple 

surgical indications: Results of a 

randomized controlled trial. Surgery 

129, 445-450 (2001). 

191. Li, J., et al. Topical use of topical fibrin 

sealant can reduce the need for 

transfusion, total blood loss and the 

volume of drainage in total knee and hip 

arthroplasty: A systematic review and 

meta-analysis of 1489 patients. Int J 

Surg 36, 127-137 (2016). 

192. Feinstein, A.J., Varela, J.E., Cohn, S.M., 

Compton, R.P. & McKenney, M.G. Fibrin 

glue eliminates the need for packing 

after complex liver injuries. Yale J Biol 

Med 74, 315-321 (2001). 

193. Cohn, S.M., et al. Recipe for poor man's 

fibrin glue. J Trauma 44, 907 (1998). 

194. Drake, D.B. & Wong, L.G. Hemostatic 

effect of Vivostat patient-derived fibrin 

sealant on split-thickness skin graft 

donor sites. Ann Plast Surg 50, 367-372 

(2003). 

195. Molloy, D.O., et al. Comparison of topical 

fibrin spray and tranexamic acid on 

blood loss after total knee replacement: 

a prospective, randomised controlled 

trial. J Bone Joint Surg Br 89, 306-309 

(2007). 

196. Schenk, W.G., 3rd, et al. Fibrin sealant 

improves hemostasis in peripheral 

vascular surgery: a randomized 

prospective trial. Ann Surg 237, 871-

876; discussion 876 (2003). 

197. Schwartz, M., et al. Comparison of a new 

fibrin sealant with standard topical 

hemostatic agents. Arch Surg 139, 1148-

1154 (2004). 

198. Marta, G.M., et al. Efficacy and safety of 

TachoSil(R) versus standard treatment 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

97 

of air leakage after pulmonary 

lobectomy. Eur J Cardiothorac Surg 38, 

683-689 (2010). 

199. Fischer, L., et al. Hemostatic efficacy of 

TachoSil in liver resection compared 

with argon beam coagulator treatment: 

an open, randomized, prospective, 

multicenter, parallel-group trial. Surgery 

149, 48-55 (2011). 

200. Rickenbacher, A., Breitenstein, S., 

Lesurtel, M. & Frilling, A. Efficacy of 

TachoSil a fibrin-based haemostat in 

different fields of surgery--a systematic 

review. Expert Opin Biol Ther 9, 897-907 

(2009). 

201. Pantelis, D., et al. The effect of sealing 

with a fixed combination of collagen 

matrix-bound coagulation factors on the 

healing of colonic anastomoses in 

experimental high-risk mice models. 

Langenbecks Arch Surg 395, 1039-1048 

(2010). 

202. Natour, E., Suedkamp, M. & Dapunt, O.E. 

Assessment of the effect on blood loss 

and transfusion requirements when 

adding a polyethylene glycol sealant to 

the anastomotic closure of aortic 

procedures: a case-control analysis of 

102 patients undergoing Bentall 

procedures. J Cardiothorac Surg 7, 105 

(2012). 

203. Glickman, M., Gheissari, A., Money, S., 

Martin, J. & Ballard, J.L. A polymeric 

sealant inhibits anastomotic suture hole 

bleeding more rapidly than 

gelfoam/thrombin: results of a 

randomized controlled trial. Arch Surg 

137, 326-331; discussion 332 (2002). 

204. Selcuk, I., et al. Step-by-step ligation of 

the internal iliac artery. J Turk Ger 

Gynecol Assoc 20, 123-128 (2019). 

205. Spahn, D.R., et al. The European 

guideline on management of major 

bleeding and coagulopathy following 

trauma: fifth edition. Crit Care 23, 98 

(2019). 

206. Adam, D.J., Fitridge, R.A. & Raptis, S. 

Intra-abdominal packing for 

uncontrollable haemorrhage during 

ruptured abdominal aortic aneurysm 

repair. Eur J Vasc Endovasc Surg 30, 

516-519 (2005). 

207. Gupta, M., et al. Abdominal packing for 

surgically uncontrollable haemorrhage. 

Trop Gastroenterol 31, 61-64 (2010). 

208. Kumar, S., Sharma, J.B., Karmakar, D., 

Roy, K.K. & Singh, N. Combined intra-

abdominal pelvic packing during 

cytoreductive surgery in advanced 

epithelial ovarian cancer: a case series. 

Arch Gynecol Obstet 285, 1125-1132 

(2012). 

209. Deffieux, X., Vinchant, M., Wigniolle, I., 

Goffinet, F. & Sentilhes, L. Maternal 

outcome after abdominal packing for 

uncontrolled postpartum hemorrhage 

despite peripartum hysterectomy. PLoS 

One 12, e0177092 (2017). 

210. Ron, G., et al. Extra-peritoneal pressure 

packing without external pelvic fixation: 

A life-saving stand-alone surgical 

treatment. J Emerg Trauma Shock 8, 

181-187 (2015). 

211. Awonuga, A.O., Merhi, Z.O. & 

Khulpateea, N. Abdominal packing for 

intractable obstetrical and gynecologic 

hemorrhage. Int J Gynaecol Obstet 93, 

160-163 (2006). 

212. Howard, R.J., Straughn, J.M., Jr., Huh, 

W.K. & Rouse, D.J. Pelvic umbrella pack 

for refractory obstetric hemorrhage 

secondary to posterior uterine rupture. 

Obstet Gynecol 100, 1061-1063 (2002). 

213. Aydin, U., Yazici, P., Zeytunlu, M. & 

Coker, A. Is it more dangerous to 

perform inadequate packing? World J 

Emerg Surg 3, 1 (2008). 

214. Dildy, G.A., Scott, J.R., Saffer, C.S. & 

Belfort, M.A. An effective pressure pack 

for severe pelvic hemorrhage. Obstet 

Gynecol 108, 1222-1226 (2006). 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

98 

215. Choron, R.L., et al. Intra-abdominal 

packing with laparotomy pads and 

QuikClot during damage control 

laparotomy: A safety analysis. Injury 48, 

158-164 (2017). 

216. Ordonez, C., et al. The 1-2-3 approach to 

abdominal packing. World J Surg 36, 

2761-2766 (2012). 

217. Huang, Q., Li, J. & Lau, W.Y. Techniques 

for Abdominal Wall Closure after 

Damage Control Laparotomy: From 

Temporary Abdominal Closure to 

Early/Delayed Fascial Closure-A 

Review. Gastroenterol Res Pract 2016, 

2073260 (2016). 

218. Merritt, J.C. & Bhatt, D.L. The efficacy 

and safety of perioperative antiplatelet 

therapy. J Thromb Thrombolysis 17, 21-

27 (2004). 

219. Thiele, T. & Greinacher, A. Platelet 

Transfusion in Perioperative Medicine. 

Semin Thromb Hemost 46, 50-61 (2020). 

220. Mittermayr, M., et al. Hemostatic 

changes after crystalloid or colloid fluid 

administration during major orthopedic 

surgery: the role of fibrinogen 

administration. Anesth Analg 105, 905-

917, table of contents (2007). 

221. Holst, L.B., et al. Lower versus higher 

hemoglobin threshold for transfusion in 

septic shock. N Engl J Med 371, 1381-

1391 (2014). 

222. Villanueva, C., et al. Transfusion 

strategies for acute upper 

gastrointestinal bleeding. N Engl J Med 

368, 11-21 (2013). 

223. Ghadimi, K., Levy, J.H. & Welsby, I.J. 

Perioperative management of the 

bleeding patient. Br J Anaesth 117, iii18-

iii30 (2016). 

224. von Heymann, C., et al. Recombinant 

activated factor VIIa for the treatment of 

bleeding in major abdominal surgery 

including vascular and urological 

surgery: a review and meta-analysis of 

published data. Crit Care 12, R14 

(2008). 

225. Hauser, C.J., et al. Results of the 

CONTROL trial: efficacy and safety of 

recombinant activated Factor VII in the 

management of refractory traumatic 

hemorrhage. J Trauma 69, 489-500 

(2010). 

226. Morrison, J.J., Dubose, J.J., Rasmussen, 

T.E. & Midwinter, M.J. Military 

Application of Tranexamic Acid in 

Trauma Emergency Resuscitation 

(MATTERs) Study. Arch Surg 147, 113-

119 (2012). 

227. Sargant, N., et al. A protocol for 

management of blood loss in surgical 

treatment of peritoneal malignancy by 

cytoreductive surgery and hyperthermic 

intraperitoneal chemotherapy. Transfus 

Med 26, 118-122 (2016). 

228. Spitler, C.A., et al. Tranexamic Acid Use 

in Open Reduction and Internal Fixation 

of Fractures of the Pelvis, Acetabulum, 

and Proximal Femur: A Randomized 

Controlled Trial. J Orthop Trauma 33, 

371-376 (2019). 

229. Shakur, H., et al. Effect of early 

tranexamic acid administration on 

mortality, hysterectomy, and other 

morbidities in women with post-partum 

haemorrhage (WOMAN): an 

international, randomised, double-blind, 

placebo-controlled trial. Lancet 389, 

2105-2116 (2017). 

230. Jennings, L.K. & Watson, S. Massive 

Transfusion. (2020). 

231. Rohrer, M.J. & Natale, A.M. Effect of 

hypothermia on the coagulation 

cascade. Crit Care Med 20, 1402-1405 

(1992). 

232. Warren, B.L., et al. Caring for the 

critically ill patient. High-dose 

antithrombin III in severe sepsis: a 

randomized controlled trial. JAMA 286, 

1869-1878 (2001). 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

99 

233. Aoki, N., et al. A comparative double-

blind randomized trial of activated 

protein C and unfractionated heparin in 

the treatment of disseminated 

intravascular coagulation. Int J Hematol 

75, 540-547 (2002). 

234. Franchini, M., Manzato, F., Salvagno, G.L. 

& Lippi, G. Potential role of recombinant 

activated factor VII for the treatment of 

severe bleeding associated with 

disseminated intravascular coagulation: 

a systematic review. Blood Coagul 

Fibrinolysis 18, 589-593 (2007). 

235. Dobritz, M., Engels, H.P., Schneider, A., 

Bauer, J. & Rummeny, E.J. Detection of 

intestinal bleeding with multi-detector 

row CT in an experimental setup. How 

many acquisitions are necessary? Eur 

Radiol 19, 2862-2869 (2009). 

236. Oakland, K., et al. Diagnosis and 

management of acute lower 

gastrointestinal bleeding: guidelines 

from the British Society of 

Gastroenterology. Gut 68, 776-789 

(2019). 

237. Morris, D.C., Nichols, D.M., Connell, D.G. 

& Burhenne, H.J. Embolization of the left 

gastric artery in the absence of 

angiographic extravasation. Cardiovasc 

Intervent Radiol 9, 195-198 (1986). 

238. Gasparri, M.L., et al. Hepatic resection 

during cytoreductive surgery for 

primary or recurrent epithelial ovarian 

cancer. J Cancer Res Clin Oncol 142, 

1509-1520 (2016). 

239. Rose, P.G., Piver, M.S., Tsukada, Y. & Lau, 

T.S. Metastatic patterns in histologic 

variants of ovarian cancer. An autopsy 

study. Cancer 64, 1508-1513 (1989). 

240. Winter, W.E., 3rd, et al. Tumor residual 

after surgical cytoreduction in 

prediction of clinical outcome in stage 

IV epithelial ovarian cancer: a 

Gynecologic Oncology Group Study. J 

Clin Oncol 26, 83-89 (2008). 

241. Wang, M., et al. Surgical treatment of 

ovarian cancer liver metastasis. 

Hepatobiliary Surg Nutr 8, 129-137 

(2019). 

242. Benedetti Panici, P., et al. Predictors of 

postoperative morbidity after 

cytoreduction for advanced ovarian 

cancer: Analysis and management of 

complications in upper abdominal 

surgery. Gynecol Oncol 137, 406-411 

(2015). 

243. Nasser, S., et al. Impact of right upper 

quadrant cytoreductive techniques with 

extensive liver mobilization on 

postoperative hepatic function and risk 

of liver failure in patients with advanced 

ovarian cancer. Gynecol Oncol 151, 466-

470 (2018). 

244. Koch, M., et al. Bile leakage after 

hepatobiliary and pancreatic surgery: a 

definition and grading of severity by the 

International Study Group of Liver 

Surgery. Surgery 149, 680-688 (2011). 

245. Vlaemynck, K., Lahousse, L., Vanlander, 

A., Piessevaux, H. & Hindryckx, P. 

Endoscopic management of biliary 

leaks: a systematic review with meta-

analysis. Endoscopy 51, 1074-1081 

(2019). 

246. Bassi, C., et al. The 2016 update of the 

International Study Group (ISGPS) 

definition and grading of postoperative 

pancreatic fistula: 11 Years After. 

Surgery 161, 584-591 (2017). 

247. Di Donato, V., et al. Management of 

morbidity associated with pancreatic 

resection during cytoreductive surgery 

for epithelial ovarian cancer: A 

systematic review. Eur J Surg Oncol 46, 

694-702 (2020). 

248. Ecker, B.L., et al. Risk Factors and 

Mitigation Strategies for Pancreatic 

Fistula After Distal Pancreatectomy: 

Analysis of 2026 Resections From the 

International, Multi-institutional Distal 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

100 

Pancreatectomy Study Group. Ann Surg 

269, 143-149 (2019). 

249. Aoki, T., et al. Preventing clinically 

relevant pancreatic fistula with 

combination of linear stapling plus 

continuous suture of the stump in 

laparoscopic distal pancreatectomy. 

BMC Surg 20, 223 (2020). 

250. Kang, M.K., et al. Optimal stapler 

cartridge selection to reduce post-

operative pancreatic fistula according to 

the pancreatic characteristics in stapler 

closure distal pancreatectomy. HPB 

(Oxford) (2020). 

251. Huttner, F.J., et al. Effectiveness of 

Tachosil((R)) in the prevention of 

postoperative pancreatic fistula after 

distal pancreatectomy: a systematic 

review and meta-analysis. Langenbecks 

Arch Surg 401, 151-159 (2016). 

252. Kwon, J., et al. The Effect of 

Fibrinogen/Thrombin-Coated Collagen 

Patch (TachoSil((R))) Application in 

Pancreaticojejunostomy for Prevention 

of Pancreatic Fistula After 

Pancreaticoduodenectomy: A 

Randomized Clinical Trial. World J Surg 

43, 3128-3137 (2019). 

253. Mita, K., et al. Use of a 

Fibrinogen/Thrombin-Based Collagen 

Fleece (TachoComb, TachoSil) With a 

Stapled Closure to Prevent Pancreatic 

Fistula Formation Following Distal 

Pancreatectomy. Surg Innov 22, 601-

605 (2015). 

254. Park, Y., et al. Effect of Flowable 

Thrombin-Containing Collagen-Based 

Hemostatic Matrix for Preventing 

Pancreatic Fistula after Pancreatectomy: 

A Randomized Clinical Trial. J Clin Med 

9(2020). 

255. Connor, S., et al. Meta-analysis of the 

value of somatostatin and its analogues 

in reducing complications associated 

with pancreatic surgery. Br J Surg 92, 

1059-1067 (2005). 

256. Zeng, Q., et al. Efficacy of somatostatin 

and its analogues in prevention of 

postoperative complications after 

pancreaticoduodenectomy: a meta-

analysis of randomized controlled trials. 

Pancreas 36, 18-25 (2008). 

257. Hesse, U.J., et al. Prospectively 

randomized trial using perioperative 

low-dose octreotide to prevent organ-

related and general complications after 

pancreatic surgery and pancreatico-

jejunostomy. World J Surg 29, 1325-

1328 (2005). 

258. Alghamdi, A.A., Jawas, A.M. & Hart, R.S. 

Use of octreotide for the prevention of 

pancreatic fistula after elective 

pancreatic surgery: a systematic review 

and meta-analysis. Can J Surg 50, 459-

466 (2007). 

259. Shan, Y.S., et al. Effects of somatostatin 

prophylaxis after pylorus-preserving 

pancreaticoduodenectomy: increased 

delayed gastric emptying and reduced 

plasma motilin. World J Surg 29, 1319-

1324 (2005). 

260. Ramos-De la Medina, A. & Sarr, M.G. 

Somatostatin analogues in the 

prevention of pancreas-related 

complications after pancreatic 

resection. J Hepatobiliary Pancreat Surg 

13, 190-193 (2006). 

261. Suc, B., et al. Octreotide in the 

prevention of intra-abdominal 

complications following elective 

pancreatic resection: a prospective, 

multicenter randomized controlled trial. 

Arch Surg 139, 288-294; discussion 295 

(2004). 

262. Sarr, M.G. The potent somatostatin 

analogue vapreotide does not decrease 

pancreas-specific complications after 

elective pancreatectomy: a prospective, 

multicenter, double-blinded, 

randomized, placebo-controlled trial. J 

Am Coll Surg 196, 556-564; discussion 

564-555; author reply 565 (2003). 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

101 

263. Gurusamy, K.S., Koti, R., Fusai, G. & 

Davidson, B.R. Somatostatin analogues 

for pancreatic surgery. Cochrane 

Database Syst Rev, CD008370 (2012). 

264. Bassi, C., et al. Pancreatic fistula rate 

after pancreatic resection. The 

importance of definitions. Dig Surg 21, 

54-59 (2004). 

265. Allen, P.J., et al. Pasireotide for 

postoperative pancreatic fistula. N Engl J 

Med 370, 2014-2022 (2014). 

266. Dalton, E.C., et al. Meta-Analysis on the 

Effect of Pasireotide for Prevention of 

Postoperative Pancreatic Fistula. Am 

Surg, 3134820947371 (2020). 

267. Jurgensen, C., et al. EUS-guided drainage 

in the management of postoperative 

pancreatic leaks and fistulas (with 

video). Gastrointest Endosc 89, 311-319 

e311 (2019). 

268. Kwon, Y.M., et al. Management of 

peripancreatic fluid collections 

following partial pancreatectomy: a 

comparison of percutaneous versus 

EUS-guided drainage. Surg Endosc 27, 

2422-2427 (2013). 

269. Kawakami, H., Itoi, T. & Sakamoto, N. 

Endoscopic ultrasound-guided 

transluminal drainage for 

peripancreatic fluid collections: where 

are we now? Gut Liver 8, 341-355 

(2014). 

270. Saftoiu, A., Vilmann, A. & Vilmann, P. 

Endoscopic ultrasound-guided drainage 

of pancreatic pseudocysts. Endosc 

Ultrasound 4, 319-323 (2015). 

271. Mohan, B.P., et al. EUS versus 

percutaneous management of 

postoperative pancreatic fluid 

collection: A systematic review and 

meta-analysis. Endosc Ultrasound 8, 

298-309 (2019). 

272. Gouy, S., et al. Surgical procedures and 

morbidities of diaphragmatic surgery in 

patients undergoing initial or interval 

debulking surgery for advanced-stage 

ovarian cancer. J Am Coll Surg 210, 509-

514 (2010). 

273. Grimm, C., Harter, P., Heitz, F. & du Bois, 

A. The sandwich technique of 

diaphragmatic stripping or full-

thickness resection for advanced 

ovarian cancer: how to keep it short and 

simple. Int J Gynecol Cancer 25, 131-134 

(2015). 

274. Fanfani, F., et al. Upper abdominal 

surgery in advanced and recurrent 

ovarian cancer: role of diaphragmatic 

surgery. Gynecol Oncol 116, 497-501 

(2010). 

275. Papadia, A. & Morotti, M. Diaphragmatic 

surgery during cytoreduction for 

primary or recurrent epithelial ovarian 

cancer: a review of the literature. Arch 

Gynecol Obstet 287, 733-741 (2013). 

276. Terauchi, F., et al. Incidental events of 

diaphragmatic surgery in 82 patients 

with advanced ovarian, primary 

peritoneal and fallopian tubal cancer. 

Oncol Lett 1, 861-864 (2010). 

277. Ye, S., et al. Diaphragmatic Surgery and 

Related Complications In Primary 

Cytoreduction for Advanced Ovarian, 

Tubal, and Peritoneal Carcinoma. BMC 

Cancer 17, 317 (2017). 

278. Mandoorah, S. & Mead, T. Phrenic Nerve 

Injury. (2020). 

279. Laterza, B., et al. Colobronchial fistula: 

an unusual complication after 

peritonectomy and hyperthermic intra-

peritoneal chemotherapy (HIPEC). In 

Vivo 23, 151-153 (2009). 

280. Lampl, B., Leebmann, H., Mayr, M. & 

Piso, P. Rare diaphragmatic 

complications following cytoreductive 

surgery and HIPEC: report of two cases. 

Surg Today 44, 383-386 (2014). 

281. Caronna, R., et al. Intrathoracic gastric 

volvulus as a severe, delayed surgical 

complication after left subphrenic 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

102 

peritonectomy and hyperthermic 

intraperitoneal chemotherapy (HIPEC) 

for advanced ovarian cancer. World J 

Surg Oncol 11, 239 (2013). 

282. Kyang, L.S., Alzahrani, N.A., Zhao, J. & 

Morris, D.L. Gastric perforation 

following cytoreductive surgery and 

perioperative intraperitoneal 

chemotherapy: a case series of six. 

World J Surg Oncol 15, 44 (2017). 

283. Zappa, L., Savady, R. & Sugarbaker, P.H. 

Gastric perforation following 

cytoreductive surgery with 

perioperative intraperitoneal 

chemotherapy. J Surg Oncol 101, 634-

636 (2010). 

284. Camilleri, M., Parkman, H.P., Shafi, M.A., 

Abell, T.L. & Gerson, L. Clinical guideline: 

management of gastroparesis. Am J 

Gastroenterol 108, 18-37; quiz 38 

(2013). 

285. Lu, D., et al. Investigating rates of 

reoperation or postsurgical 

gastroparesis following fundoplication 

or paraesophageal hernia repair in New 

York State. Surg Endosc 33, 2886-2894 

(2019). 

286. Homko, C.J., Duffy, F., Friedenberg, F.K., 

Boden, G. & Parkman, H.P. Effect of 

dietary fat and food consistency on 

gastroparesis symptoms in patients 

with gastroparesis. Neurogastroenterol 

Motil 27, 501-508 (2015). 

287. Wytiaz, V., Homko, C., Duffy, F., Schey, R. 

& Parkman, H.P. Foods provoking and 

alleviating symptoms in gastroparesis: 

patient experiences. Dig Dis Sci 60, 

1052-1058 (2015). 

288. Keshavarzian, A. & Isaac, R.M. 

Erythromycin accelerates gastric 

emptying of indigestible solids and 

transpyloric migration of the tip of an 

enteral feeding tube in fasting and fed 

states. Am J Gastroenterol 88, 193-197 

(1993). 

289. Janssens, J., et al. Improvement of gastric 

emptying in diabetic gastroparesis by 

erythromycin. Preliminary studies. N 

Engl J Med 322, 1028-1031 (1990). 

290. Maganti, K., Onyemere, K. & Jones, M.P. 

Oral erythromycin and symptomatic 

relief of gastroparesis: a systematic 

review. Am J Gastroenterol 98, 259-263 

(2003). 

291. Jones, M.P. & Maganti, K. A systematic 

review of surgical therapy for 

gastroparesis. Am J Gastroenterol 98, 

2122-2129 (2003). 

292. Forstner-Barthell, A.W., et al. Near-total 

completion gastrectomy for severe 

postvagotomy gastric stasis: analysis of 

early and long-term results in 62 

patients. J Gastrointest Surg 3, 15-21, 

discussion 21-13 (1999). 

293. Mekaroonkamol, P., et al. Gastric Peroral 

Endoscopic Pyloromyotomy Reduces 

Symptoms, Increases Quality of Life, and 

Reduces Health Care Use For Patients 

With Gastroparesis. Clin Gastroenterol 

Hepatol 17, 82-89 (2019). 

294. Arts, J., et al. Clinical trial: a randomized-

controlled crossover study of 

intrapyloric injection of botulinum toxin 

in gastroparesis. Aliment Pharmacol 

Ther 26, 1251-1258 (2007). 

295. Miller, L.S., et al. Treatment of idiopathic 

gastroparesis with injection of 

botulinum toxin into the pyloric 

sphincter muscle. Am J Gastroenterol 97, 

1653-1660 (2002). 

296. Khashab, M.A., et al. Gastric peroral 

endoscopic myotomy for refractory 

gastroparesis: first human endoscopic 

pyloromyotomy (with video). 

Gastrointest Endosc 78, 764-768 (2013). 

297. Gonzalez, J.M., et al. First European 

human gastric peroral endoscopic 

myotomy, for treatment of refractory 

gastroparesis. Endoscopy 47 Suppl 1 

UCTN, E135-136 (2015). 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

103 

298. Chaves, D.M., de Moura, E.G., Mestieri, 

L.H., Artifon, E.L. & Sakai, P. Endoscopic 

pyloromyotomy via a gastric 

submucosal tunnel dissection for the 

treatment of gastroparesis after surgical 

vagal lesion. Gastrointest Endosc 80, 164 

(2014). 

299. Shada, A., et al. Wisconsin's Enterra 

Therapy Experience: A multi-

institutional review of gastric electrical 

stimulation for medically refractory 

gastroparesis. Surgery 164, 760-765 

(2018). 

300. Raspagliesi, F., Ditto, A., Martinelli, F., 

Haeusler, E. & Lorusso, D. Advanced 

ovarian cancer: omental bursa, lesser 

omentum, celiac, portal and triad nodes 

spread as cause of inaccurate evaluation 

of residual tumor. Gynecol Oncol 129, 

92-96 (2013). 

301. Gallotta, V., et al. Hepatoceliac Lymph 

Node Involvement in Advanced Ovarian 

Cancer Patients: Prognostic Role and 

Clinical Considerations. Ann Surg Oncol 

24, 3413-3421 (2017). 

302. Angeles, M.A., et al. Prognostic impact of 

celiac lymph node involvement in 

patients after frontline treatment for 

advanced ovarian cancer. Eur J Surg 

Oncol 45, 1410-1416 (2019). 

303. Larish, A., et al. Recurrence patterns in 

patients with abnormal cardiophrenic 

lymph nodes at ovarian cancer 

diagnosis. Int J Gynecol Cancer 30, 504-

508 (2020). 

304. Martinez-Gomez, C., et al. 

Transdiaphragmatic and transxiphoid 

cardiophrenic lymph node resection 

step-by-step in advanced ovarian 

cancer. Int J Gynecol Cancer 30, 1646-

1647 (2020). 

305. Oommen, I., et al. Clinical significance of 

CT detected enlarged cardiophrenic 

nodes in ovarian cancer patients. Abdom 

Radiol (NY) (2020). 

306. Luger, A.K., et al. Enlarged cardiophrenic 

lymph nodes predict disease 

involvement of the upper abdomen and 

the outcome of primary surgical 

debulking in advanced ovarian cancer. 

Acta Obstet Gynecol Scand 99, 1092-

1099 (2020). 

307. Pinelli, C., et al. The Feasibility of 

Cardiophrenic Lymphnode Assessment 

and Removal in Patients Requiring 

Diaphragmatic Resection During 

Interval Debulking Surgery for Ovarian 

Cancer. J Invest Surg, 1-7 (2019). 

308. Lopes, A., et al. Cardiophrenic lymph 

node resection in cytoreduction for 

primary advanced or recurrent 

epithelial ovarian carcinoma: a cohort 

study. Int J Gynecol Cancer 29, 188-194 

(2019). 

309. Prader, S., et al. Pattern and impact of 

metastatic cardiophrenic lymph nodes 

in advanced epithelial ovarian cancer. 

Gynecol Oncol 152, 76-81 (2019). 

310. Moro, F., Uccella, S., Testa, A.C., Scambia, 

G. & Fagotti, A. Intraoperative 

Ultrasound-Guided Excision of 

Cardiophrenic Lymph Nodes in an 

Advanced Ovarian Cancer Patient. Int J 

Gynecol Cancer 28, 1672-1675 (2018). 

311. Matsuoka, A., Tate, S., Nishikimi, K. & 

Shozu, M. Left cardiophrenic lymph 

node resection for advanced ovarian 

cancer with adhesion to the thoracic 

cavity. Gynecol Oncol 151, 390-391 

(2018). 

312. Mert, I., et al. Clinical significance of 

enlarged cardiophrenic lymph nodes in 

advanced ovarian cancer: Implications 

for survival. Gynecol Oncol 148, 68-73 

(2018). 

313. Cowan, R.A., et al. Feasibility, safety and 

clinical outcomes of cardiophrenic 

lymph node resection in advanced 

ovarian cancer. Gynecol Oncol 147, 262-

266 (2017). 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

104 

314. Nasser, S., et al. A Review of Thoracic 

and Mediastinal Cytoreductive 

Techniques in Advanced Ovarian 

Cancer: Extending the Boundaries. Ann 

Surg Oncol 24, 3700-3705 (2017). 

315. Garbi, A., et al. Feasibility of 

Transabdominal Cardiophrenic 

Lymphnode Dissection in Advanced 

Ovarian Cancer: Initial Experience at a 

Tertiary Center. Int J Gynecol Cancer 27, 

1268-1273 (2017). 

316. LaFargue, C.J., Sawyer, B.T. & Bristow, 

R.E. Short-term morbidity in 

transdiaphragmatic cardiophrenic 

lymph node resection for advanced 

stage gynecologic cancer. Gynecol Oncol 

Rep 17, 33-37 (2016). 

317. Prader, S., et al. Surgical management of 

cardiophrenic lymph nodes in patients 

with advanced ovarian cancer. Gynecol 

Oncol 141, 271-275 (2016). 

318. Kim, T.H., et al. Preoperative Prediction 

of Cardiophrenic Lymph Node 

Metastasis in Advanced Ovarian Cancer 

Using Computed Tomography. Ann Surg 

Oncol 23, 1302-1308 (2016). 

319. LaFargue, C.J. & Bristow, R.E. 

Transdiaphragmatic cardiophrenic 

lymph node resection for Stage IV 

ovarian cancer. Gynecol Oncol 138, 762-

763 (2015). 

320. Huggins, J.T. Chylothorax and 

cholesterol pleural effusion. Semin 

Respir Crit Care Med 31, 743-750 

(2010). 

321. Zabeck, H., Muley, T., Dienemann, H. & 

Hoffmann, H. Management of 

chylothorax in adults: when is surgery 

indicated? Thorac Cardiovasc Surg 59, 

243-246 (2011). 

322. Choh, C.T., Rychlik, I.J., McManus, K. & 

Khan, O.A. Is early surgical management 

of chylothorax following 

oesophagectomy beneficial? Interact 

Cardiovasc Thorac Surg 19, 117-119 

(2014). 

323. Reisenauer, J.S., et al. Treatment of 

Postsurgical Chylothorax. Ann Thorac 

Surg 105, 254-262 (2018). 

324. Maldonado, F., Cartin-Ceba, R., Hawkins, 

F.J. & Ryu, J.H. Medical and surgical 

management of chylothorax and 

associated outcomes. Am J Med Sci 339, 

314-318 (2010). 

325. Nair, S.K., Petko, M. & Hayward, M.P. 

Aetiology and management of 

chylothorax in adults. Eur J Cardiothorac 

Surg 32, 362-369 (2007). 

326. Graham, D.D., McGahren, E.D., Tribble, 

C.G., Daniel, T.M. & Rodgers, B.M. Use of 

video-assisted thoracic surgery in the 

treatment of chylothorax. Ann Thorac 

Surg 57, 1507-1511; discussion 1511-

1502 (1994). 

327. Artemiou, O., Marta, G.M., Klepetko, W., 

Wolner, E. & Muller, M.R. Pleurovenous 

shunting in the treatment of 

nonmalignant pleural effusion. Ann 

Thorac Surg 76, 231-233 (2003). 

328. Wurnig, P.N., Hollaus, P.H., Ohtsuka, T., 

Flege, J.B. & Wolf, R.K. Thoracoscopic 

direct clipping of the thoracic duct for 

chylopericardium and chylothorax. Ann 

Thorac Surg 70, 1662-1665 (2000). 

329. Sarsam, M.A., Rahman, A.N. & Deiraniya, 

A.K. Postpneumonectomy chylothorax. 

Ann Thorac Surg 57, 689-690 (1994). 

330. Shirai, T., Amano, J. & Takabe, K. 

Thoracoscopic diagnosis and treatment 

of chylothorax after pneumonectomy. 

Ann Thorac Surg 52, 306-307 (1991). 

331. Yadav, H., Nolan, M.E., Nichols, F.C., 3rd 

& Daniels, C.E. Tension chylothorax 

following pneumonectomy. Respir Med 

Case Rep 14, 16-18 (2015). 

332. Marts, B.C., Naunheim, K.S., Fiore, A.C. & 

Pennington, D.G. Conservative versus 

surgical management of chylothorax. 

Am J Surg 164, 532-534; discussion 

534-535 (1992). 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

105 

333. Shimizu, K., et al. Treatment strategy for 

chylothorax after pulmonary resection 

and lymph node dissection for lung 

cancer. J Thorac Cardiovasc Surg 124, 

499-502 (2002). 

334. Terzi, A., Furlan, G., Magnanelli, G., 

Terrini, A. & Ivic, N. Chylothorax after 

pleuro-pulmonary surgery: a rare but 

unavoidable complication. Thorac 

Cardiovasc Surg 42, 81-84 (1994). 

335. Shimizu, K., et al. Late-onset chylothorax 

after pulmonary resection and 

systematic mediastinal lymph node 

dissection for lung cancer. Jpn J Thorac 

Cardiovasc Surg 53, 39-41 (2005). 

336. Cho, H.J., et al. Chylothorax complicating 

pulmonary resection for lung cancer: 

effective management and pleurodesis. 

Ann Thorac Surg 97, 408-413 (2014). 

337. Merrigan, B.A., Winter, D.C. & O'Sullivan, 

G.C. Chylothorax. Br J Surg 84, 15-20 

(1997). 

338. Browse, N.L., Allen, D.R. & Wilson, N.M. 

Management of chylothorax. Br J Surg 

84, 1711-1716 (1997). 

339. Jensen, G.L., et al. Dietary modification 

of chyle composition in chylothorax. 

Gastroenterology 97, 761-765 (1989). 

340. Sriram, K., Meguid, R.A. & Meguid, M.M. 

Nutritional support in adults with chyle 

leaks. Nutrition 32, 281-286 (2016). 

341. Machado, J.D., Suen, V.M. & Marchini, J.S. 

Is oral nutritional therapy effective for 

the treatment of chylothorax? A case 

report. Nutrition 24, 607-609 (2008). 

342. Martucci, N., Tracey, M. & Rocco, G. 

Postoperative Chylothorax. Thorac Surg 

Clin 25, 523-528 (2015). 

343. McGrath, E.E., Blades, Z. & Anderson, 

P.B. Chylothorax: aetiology, diagnosis 

and therapeutic options. Respir Med 

104, 1-8 (2010). 

344. Agrawal, V. & Sahn, S.A. Lipid pleural 

effusions. Am J Med Sci 335, 16-20 

(2008). 

345. Jarman, P.R., Whyte, M.K., Sabroe, I. & 

Hughes, J.M. Sarcoidosis presenting with 

chylothorax. Thorax 50, 1324-1325 

(1995). 

346. Ismail, N.A., Gordon, J. & Dunning, J. The 

use of octreotide in the treatment of 

chylothorax following cardiothoracic 

surgery. Interact Cardiovasc Thorac Surg 

20, 848-854 (2015). 

347. Kalomenidis, I. Octreotide and 

chylothorax. Curr Opin Pulm Med 12, 

264-267 (2006). 

348. Al-Zubairy, S.A. & Al-Jazairi, A.S. 

Octreotide as a therapeutic option for 

management of chylothorax. Ann 

Pharmacother 37, 679-682 (2003). 

349. Kelly, R.F. & Shumway, S.J. Conservative 

management of postoperative 

chylothorax using somatostatin. Ann 

Thorac Surg 69, 1944-1945 (2000). 

350. Markham, K.M., Glover, J.L., Welsh, R.J., 

Lucas, R.J. & Bendick, P.J. Octreotide in 

the treatment of thoracic duct injuries. 

Am Surg 66, 1165-1167 (2000). 

351. Demos, N.J., Kozel, J. & Scerbo, J.E. 

Somatostatin in the treatment of 

chylothorax. Chest 119, 964-966 (2001). 

352. Evans, J., Clark, M.F., Mincher, L. & 

Varney, V.A. Chylous effusions 

complicating lymphoma: a serious event 

with octreotide as a treatment option. 

Hematol Oncol 21, 77-81 (2003). 

353. Mohseni-Bod, H., Macrae, D. & Slavik, Z. 

Somatostatin analog (octreotide) in 

management of neonatal postoperative 

chylothorax: is it safe? Pediatr Crit Care 

Med 5, 356-357 (2004). 

354. Mincher, L., Evans, J., Jenner, M.W. & 

Varney, V.A. The successful treatment of 

chylous effusions in malignant disease 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

106 

with octreotide. Clin Oncol (R Coll 

Radiol) 17, 118-121 (2005). 

355. Paget-Brown, A., Kattwinkel, J., Rodgers, 

B.M. & Michalsky, M.P. The use of 

octreotide to treat congenital 

chylothorax. J Pediatr Surg 41, 845-847 

(2006). 

356. Roehr, C.C., et al. Somatostatin or 

octreotide as treatment options for 

chylothorax in young children: a 

systematic review. Intensive Care Med 

32, 650-657 (2006). 

357. Hillerdal, G. Yellow nail syndrome: 

treatment with octreotide. Clin Respir J 

1, 120-121 (2007). 

358. Foo, N.H., Hwang, Y.S., Lin, C.C. & Tsai, 

W.H. Congenital chylothorax in a late 

preterm infant and successful treatment 

with octreotide. Pediatr Neonatol 52, 

297-301 (2011). 

359. Liou, D.Z., et al. Midodrine: a novel 

therapeutic for refractory chylothorax. 

Chest 144, 1055-1057 (2013). 

360. Sivakumar, P. & Ahmed, L. Use of an 

Alpha-1 Adrenoreceptor Agonist in the 

Management of Recurrent Refractory 

Idiopathic Chylothorax. Chest 154, e1-e4 

(2018). 

361. Guillem, P., Papachristos, I., Peillon, C. & 

Triboulet, J.P. Etilefrine use in the 

management of post-operative chyle 

leaks in thoracic surgery. Interact 

Cardiovasc Thorac Surg 3, 156-160 

(2004). 

362. D'Amico, T.A. "Early" thoracic duct 

ligation for chylothorax after 

esophagectomy means "now". J Thorac 

Cardiovasc Surg 151, 1405-1406 

(2016). 

363. Platis, I.E. & Nwogu, C.E. Chylothorax. 

Thorac Surg Clin 16, 209-214 (2006). 

364. Fahimi, H., et al. Current management of 

postoperative chylothorax. Ann Thorac 

Surg 71, 448-450; discussion 450-441 

(2001). 

365. Akin, H., Olcmen, A., Isgorucu, O., 

Denizkiran, I. & Dincer, I. Approach to 

patients with chylothorax complicating 

pulmonary resection. Thorac Cardiovasc 

Surg 60, 135-139 (2012). 

366. Cerfolio, R.J., Allen, M.S., Deschamps, C., 

Trastek, V.F. & Pairolero, P.C. 

Postoperative chylothorax. J Thorac 

Cardiovasc Surg 112, 1361-1365; 

discussion 1365-1366 (1996). 

367. Roy, P.H., Carr, D.T. & Payne, W.S. The 

problem of chylothorax. Mayo Clin Proc 

42(1967). 

368. O'Callaghan, A.M. & Mead, G.M. 

Chylothorax in lymphoma: mechanisms 

and management. Ann Oncol 6, 603-607 

(1995). 

369. Iqbal, M.H., Smith, P.R. & Bande, S. 

Chylothorax due to angioimmunoblastic 

T-cell lymphoma. Intern Med J 39, 67-68 

(2009). 

370. Jimenez, C.A., et al. Use of an indwelling 

pleural catheter for the management of 

recurrent chylothorax in patients with 

cancer. Chest 132, 1584-1590 (2007). 

371. Miao, L., et al. Incidence and 

management of chylothorax after 

esophagectomy. Thorac Cancer 6, 354-

358 (2015). 

372. Ferguson, M.K., Little, A.G. & Skinner, 

D.B. Current concepts in the 

management of postoperative 

chylothorax. Ann Thorac Surg 40, 542-

545 (1985). 

373. Goity, L.D., Itkin, M. & Nadolski, G. An 

Algorithmic Approach to Minimally 

Invasive Management of Nontraumatic 

Chylothorax. Semin Intervent Radiol 37, 

269-273 (2020). 

374. Patterson, G.A., et al. 

Supradiaphragmatic ligation of the 

thoracic duct in intractable chylous 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

107 

fistula. Ann Thorac Surg 32, 44-49 

(1981). 

375. Rubin, J.W., Moore, H.V. & Ellison, R.G. 

Chylothorax: therapeutic alternatives. 

Am Surg 43, 292-297 (1977). 

376. Zoetmulder, F., Rutgers, E. & Baas, P. 

Thoracoscopic ligation of a thoracic duct 

leakage. Chest 106, 1233-1234 (1994). 

377. Weissberg, D. & Ben-Zeev, I. Talc 

pleurodesis. Experience with 360 

patients. J Thorac Cardiovasc Surg 106, 

689-695 (1993). 

378. Vargas, F.S., et al. Intrapleural talc for 

the prevention of recurrence in benign 

or undiagnosed pleural effusions. Chest 

106, 1771-1775 (1994). 

379. Sudduth, C.D. & Sahn, S.A. Pleurodesis 

for nonmalignant pleural effusions. 

Recommendations. Chest 102, 1855-

1860 (1992). 

380. Griffo, S., De Luca, G. & Stassano, P. 

Chylothorax after abdominal surgery. 

Gen Thorac Cardiovasc Surg 58, 159-162 

(2010). 

381. Mares, D.C. & Mathur, P.N. Medical 

thoracoscopic talc pleurodesis for 

chylothorax due to lymphoma: a case 

series. Chest 114, 731-735 (1998). 

382. Paul, S., Altorki, N.K., Port, J.L., Stiles, 

B.M. & Lee, P.C. Surgical management of 

chylothorax. Thorac Cardiovasc Surg 57, 

226-228 (2009). 

383. Ferguson, M.K. Thoracoscopy for 

empyema, bronchopleural fistula, and 

chylothorax. Ann Thorac Surg 56, 644-

645 (1993). 

384. Martinez Brocca, M.A., et al. [Nutritional 

support in chylothorax secondary to 

lymphoma]. Nutr Hosp 17, 43-45 

(2002). 

385. Asuquo, B.J. & Gould, G.A. Recurrent 

chylothorax in a patient with non-

Hodgkins lymphoma: case report. East 

Afr Med J 81, 215-217 (2004). 

386. Cope, C. Management of chylothorax via 

percutaneous embolization. Curr Opin 

Pulm Med 10, 311-314 (2004). 

387. Cope, C., Salem, R. & Kaiser, L.R. 

Management of chylothorax by 

percutaneous catheterization and 

embolization of the thoracic duct: 

prospective trial. J Vasc Interv Radiol 10, 

1248-1254 (1999). 

388. Hoffer, E.K., Bloch, R.D., Mulligan, M.S., 

Borsa, J.J. & Fontaine, A.B. Treatment of 

chylothorax: percutaneous 

catheterization and embolization of the 

thoracic duct. AJR Am J Roentgenol 176, 

1040-1042 (2001). 

389. Cope, C. & Kaiser, L.R. Management of 

unremitting chylothorax by 

percutaneous embolization and 

blockage of retroperitoneal lymphatic 

vessels in 42 patients. J Vasc Interv 

Radiol 13, 1139-1148 (2002). 

390. Boffa, D.J., et al. A critical evaluation of a 

percutaneous diagnostic and treatment 

strategy for chylothorax after thoracic 

surgery. Eur J Cardiothorac Surg 33, 

435-439 (2008). 

391. Marcon, F., et al. Percutaneous 

treatment of thoracic duct injuries. Surg 

Endosc 25, 2844-2848 (2011). 

392. Itkin, M., Kucharczuk, J.C., Kwak, A., 

Trerotola, S.O. & Kaiser, L.R. 

Nonoperative thoracic duct 

embolization for traumatic thoracic duct 

leak: experience in 109 patients. J 

Thorac Cardiovasc Surg 139, 584-589; 

discussion 589-590 (2010). 

393. Pamarthi, V., et al. Thoracic duct 

embolization and disruption for 

treatment of chylous effusions: 

experience with 105 patients. J Vasc 

Interv Radiol 25, 1398-1404 (2014). 

394. Nadolski, G.J. & Itkin, M. Thoracic duct 

embolization for nontraumatic chylous 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

108 

effusion: experience in 34 patients. 

Chest 143, 158-163 (2013). 

395. Itkin, M. Lymphatic intervention is a 

new frontier of IR. J Vasc Interv Radiol 

25, 1404-1405 (2014). 

396. Toliyat, M., et al. Interventional 

radiology in the management of thoracic 

duct injuries: Anatomy, techniques and 

results. Clin Imaging 42, 183-192 

(2017). 

397. Itkin, M. Interventional Treatment of 

Pulmonary Lymphatic Anomalies. Tech 

Vasc Interv Radiol 19, 299-304 (2016). 

398. Lyon, S., Mott, N., Koukounaras, J., 

Shoobridge, J. & Hudson, P.V. Role of 

interventional radiology in the 

management of chylothorax: a review of 

the current management of high output 

chylothorax. Cardiovasc Intervent Radiol 

36, 599-607 (2013). 

399. Jayasinghe, S.A., et al. Thoracic Duct 

Embolization: Analysis of Practice 

Patterns. Ann Vasc Surg 52, 168-175 

(2018). 

400. Guevara, C.J., Rialon, K.L., Ramaswamy, 

R.S., Kim, S.K. & Darcy, M.D. US-Guided, 

Direct Puncture Retrograde Thoracic 

Duct Access, Lymphangiography, and 

Embolization: Feasibility and Efficacy. J 

Vasc Interv Radiol 27, 1890-1896 

(2016). 

401. Gomez, F.M., et al. Transnodal 

lymphangiography in the diagnosis and 

treatment of genital lymphedema. 

Cardiovasc Intervent Radiol 35, 1488-

1491 (2012). 

402. Garcia, R.G., et al. Computed 

Tomography-Guided Percutaneous 

Thoracic Duct Sclero-Embolization for 

Persistent Chylothorax. Innovations 

(Phila) 11, 291-294 (2016). 

403. Jeong, H., et al. Lymphangiographic 

Interventions to Manage Postoperative 

Chylothorax. Korean J Thorac Cardiovasc 

Surg 52, 409-415 (2019). 

404. Laslett, D., Trerotola, S.O. & Itkin, M. 

Delayed complications following 

technically successful thoracic duct 

embolization. J Vasc Interv Radiol 23, 

76-79 (2012). 

405. Nadolski, G. Nontraumatic Chylothorax: 

Diagnostic Algorithm and Treatment 

Options. Tech Vasc Interv Radiol 19, 

286-290 (2016). 

406. Liu, M., et al. Surgical treatment of 

chylothorax caused by 

lymphangioleiomyomatosis. J Thorac Dis 

6, E11-14 (2014). 

407. Le Pimpec-Barthes, F., D'Attellis, N., 

Dujon, A., Legman, P. & Riquet, M. 

Chylothorax complicating pulmonary 

resection. Ann Thorac Surg 73, 1714-

1719 (2002). 

408. Hayden, J.D., Sue-Ling, H.M., Sarela, A.I. 

& Dexter, S.P. Minimally invasive 

management of chylous fistula after 

esophagectomy. Dis Esophagus 20, 251-

255 (2007). 

409. Kent, R.B., 3rd & Pinson, T.W. 

Thoracoscopic ligation of the thoracic 

duct. Surg Endosc 7, 52-53 (1993). 

410. Mason, P.F., Ragoowansi, R.H. & Thorpe, 

J.A. Post-thoracotomy chylothorax--a 

cure in the abdomen? Eur J Cardiothorac 

Surg 11, 567-570 (1997). 

411. Cerfolio, R.J. Chylothorax after 

esophagogastrectomy. Thorac Surg Clin 

16, 49-52 (2006). 

412. Tanaka, E., Matsumoto, K., Shindo, T. & 

Taguchi, Y. Implantation of a 

pleurovenous shunt for massive 

chylothorax in a patient with yellow nail 

syndrome. Thorax 60, 254-255 (2005). 

413. Gupta, D., et al. Use of LeVeen 

pleuroperitoneal shunt for refractory 

high-volume chylothorax. Ann Thorac 

Surg 78, e9-12 (2004). 

414. Fremont, R.D., Milstone, A.P., Light, R.W. 

& Ninan, M. Chylothoraces after lung 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

109 

transplantation for 

lymphangioleiomyomatosis: review of 

the literature and utilization of a 

pleurovenous shunt. J Heart Lung 

Transplant 26, 953-955 (2007). 

415. Abu-Hijleh, M.F., Habbal, O.A. & 

Moqattash, S.T. The role of the 

diaphragm in lymphatic absorption 

from the peritoneal cavity. J Anat 186 ( 

Pt 3), 453-467 (1995). 

416. Abernethy, N.J., et al. Lymphatic 

drainage of the peritoneal cavity in 

sheep. Am J Physiol 260, F353-358 

(1991). 

417. Luks, V., Aljohaney, A. & Amjadi, K. 

Tunneled pleural catheters in the 

management of chylothorax from 

central venous catheter-related superior 

vena cava obstruction. Respiration 86, 

67-71 (2013). 

418. Paul, S., Su, S., Edenfield, H., 

Kwiatkowski, D.J. & Bueno, R. Treatment 

of refractory 

lymphangioleiomyomatosis-associated 

chylous effusion with a pleuroperitoneal 

window and omental flap. J Thorac 

Cardiovasc Surg 138, 497-498 (2009). 

419. Noel, A.A., et al. Treatment of 

symptomatic primary chylous disorders. 

J Vasc Surg 34, 785-791 (2001). 

420. Dietl, B., Pfister, K., Aufschlager, C. & 

Kasprzak, P.M. [Radiotherapy of 

inguinal lymphorrhea after vascular 

surgery. A retrospective analysis]. 

Strahlenther Onkol 181, 396-400 

(2005). 

421. Gerstein, J., Kofahl-Krause, D., Fruhauf, J. 

& Bremer, M. Complete remission of a 

lymphoma-associated chylothorax by 

radiotherapy of the celiac trunk and 

thoracic duct. Strahlenther Onkol 184, 

484-487 (2008). 

422. Tsauo, J., et al. Transjugular Intrahepatic 

Portosystemic Shunt for the Treatment 

of Chylothorax and Chylous Ascites in 

Cirrhosis: A Case Report and Systematic 

Review of the Literature. J Vasc Interv 

Radiol 27, 112-116 (2016). 

423. Eisenhauer, E.L., et al. Incidence and 

management of pleural effusions after 

diaphragm peritonectomy or resection 

for advanced mullerian cancer. Gynecol 

Oncol 103, 871-877 (2006). 

424. Feller-Kopman, D. Ultrasound-guided 

thoracentesis. Chest 129, 1709-1714 

(2006). 

425. Diacon, A.H., Brutsche, M.H. & Soler, M. 

Accuracy of pleural puncture sites: a 

prospective comparison of clinical 

examination with ultrasound. Chest 123, 

436-441 (2003). 

426. Rahman, N.M., et al. The relationship 

between chest tube size and clinical 

outcome in pleural infection. Chest 137, 

536-543 (2010). 

427. Kato, K., Tate, S., Nishikimi, K. & Shozu, 

M. Assessment of intraoperative tube 

thoracostomy after diaphragmatic 

resection as part of debulking surgery 

for primary advanced-stage Mullerian 

cancer. Gynecol Oncol 131, 32-35 

(2013). 

428. Sandadi, S., et al. Postoperative 

outcomes among patients undergoing 

thoracostomy tube placement at time of 

diaphragm peritonectomy or resection 

during primary cytoreductive surgery 

for ovarian cancer. Gynecol Oncol 132, 

299-302 (2014). 

429. Chambers, A., Routledge, T., Dunning, J. 

& Scarci, M. Is video-assisted 

thoracoscopic surgical decortication 

superior to open surgery in the 

management of adults with primary 

empyema? Interact Cardiovasc Thorac 

Surg 11, 171-177 (2010). 

430. Uthappa, M.C. & Cowan, N.C. Retrograde 

or antegrade double-pigtail stent 

placement for malignant ureteric 

obstruction? Clin Radiol 60, 608-612 

(2005). 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

110 

431. Chew, B.H., Knudsen, B.E. & Denstedt, 

J.D. The use of stents in contemporary 

urology. Curr Opin Urol 14, 111-115 

(2004). 

432. Grasso, R.F., et al. Retrograde 

fluoroscopy-guided trans-urethral 

exchange of ureteral stents: Comparison 

of direct grasping vs. modified snare. 

Indian J Radiol Imaging 23, 347-350 

(2013). 

433. McCarthy, E., et al. Fluoroscopically 

guided transurethral removal and/or 

replacement of ureteric stents in 

women. Acta Radiol 56, 635-640 (2015). 

434. Kulkarni, R. Metallic stents in the 

management of ureteric strictures. 

Indian J Urol 30, 65-72 (2014). 

435. Kallidonis, P., et al. The effectiveness of 

ureteric metal stents in malignant 

ureteric obstructions: A systematic 

review. Arab J Urol 15, 280-288 (2017). 

436. Guandalino, M., et al. [The Allium 

ureteral stent in the management of 

ureteral stenoses, a retrospective, 

multicenter study]. Prog Urol 27, 26-32 

(2017). 

437. Corrales, M., et al. A systematic review 

of long-duration stents for ureteral 

stricture: which one to choose? World J 

Urol (2021). 

438. Bartl, T., et al. Predictive and Prognostic 

Implication of Bowel Resections During 

Primary Cytoreductive Surgery in 

Advanced Epithelial Ovarian Cancer. Int 

J Gynecol Cancer 28, 1664-1671 (2018). 

439. Lago, V., et al. Risk factors for 

anastomotic leakage after colorectal 

resection in ovarian cancer surgery: A 

multi-centre study. Gynecol Oncol 153, 

549-554 (2019). 

440. Hamabe, A., Ito, M., Nishigori, H., 

Nishizawa, Y. & Sasaki, T. Preventive 

effect of diverting stoma on anastomotic 

leakage after laparoscopic low anterior 

resection with double stapling 

technique reconstruction applied based 

on risk stratification. Asian J Endosc Surg 

11, 220-226 (2018). 

441. Rahbari, N.N., et al. Definition and 

grading of anastomotic leakage 

following anterior resection of the 

rectum: a proposal by the International 

Study Group of Rectal Cancer. Surgery 

147, 339-351 (2010). 

442. Damrauer, S.M., Bordeianou, L. & 

Berger, D. Contained anastomotic leaks 

after colorectal surgery: are we too slow 

to act? Arch Surg 144, 333-338; 

discussion 338 (2009). 

443. DuBrow, R.A., David, C.L. & Curley, S.A. 

Anastomotic leaks after low anterior 

resection for rectal carcinoma: 

evaluation with CT and barium enema. 

AJR Am J Roentgenol 165, 567-571 

(1995). 

444. Kornmann, V.N., et al. Systematic review 

on the value of CT scanning in the 

diagnosis of anastomotic leakage after 

colorectal surgery. Int J Colorectal Dis 

28, 437-445 (2013). 

445. Garcia-Granero, A., et al. Procalcitonin 

and C-reactive protein as early 

predictors of anastomotic leak in 

colorectal surgery: a prospective 

observational study. Dis Colon Rectum 

56, 475-483 (2013). 

446. Canlorbe, G., et al. Transitory Stoma at 

the Time of Complete Cytoreductive 

Surgery Affects Survival for Patients 

with Advanced-stage Ovarian Cancer. 

Anticancer Res 38, 1517-1523 (2018). 

447. Moukarzel, L.A., et al. The impact of 

near-infrared angiography and 

proctoscopy after rectosigmoid 

resection and anastomosis performed 

during surgeries for gynecologic 

malignancies. Gynecol Oncol 158, 397-

401 (2020). 

448. Blanco-Colino, R. & Espin-Basany, E. 

Intraoperative use of ICG fluorescence 

imaging to reduce the risk of 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

111 

anastomotic leakage in colorectal 

surgery: a systematic review and meta-

analysis. Tech Coloproctol 22, 15-23 

(2018). 

449. Shen, R., Zhang, Y. & Wang, T. 

Indocyanine Green Fluorescence 

Angiography and the Incidence of 

Anastomotic Leak After Colorectal 

Resection for Colorectal Cancer: A Meta-

analysis. Dis Colon Rectum 61, 1228-

1234 (2018). 

450. Chan, D.K.H., Lee, S.K.F. & Ang, J.J. 

Indocyanine green fluorescence 

angiography decreases the risk of 

colorectal anastomotic leakage: 

Systematic review and meta-analysis. 

Surgery 168, 1128-1137 (2020). 

451. Gastinger, I., et al. Protective 

defunctioning stoma in low anterior 

resection for rectal carcinoma. Br J Surg 

92, 1137-1142 (2005). 

452. Huser, N., et al. Systematic review and 

meta-analysis of the role of 

defunctioning stoma in low rectal 

cancer surgery. Ann Surg 248, 52-60 

(2008). 

453. Matthiessen, P., Hallbook, O., Rutegard, 

J., Simert, G. & Sjodahl, R. Defunctioning 

stoma reduces symptomatic 

anastomotic leakage after low anterior 

resection of the rectum for cancer: a 

randomized multicenter trial. Ann Surg 

246, 207-214 (2007). 

454. Lago, V., et al. Indications and practice of 

diverting ileostomy after colorectal 

resection and anastomosis in ovarian 

cancer cytoreduction. Gynecol Oncol 

158, 603-607 (2020). 

455. Chudner, A., et al. The influence of 

diverting loop ileostomy vs. colostomy 

on postoperative morbidity in 

restorative anterior resection for rectal 

cancer: a systematic review and meta-

analysis. Langenbecks Arch Surg 404, 

129-139 (2019). 

456. Reichert, M., et al. Protective loop 

ileostomy increases the risk for 

prolonged postoperative paralytic ileus 

after open oncologic rectal resection. Int 

J Colorectal Dis 33, 1551-1557 (2018). 

457. Farag, S., Rehman, S., Sains, P., Baig, M.K. 

& Sajid, M.S. Early vs delayed closure of 

loop defunctioning ileostomy in patients 

undergoing distal colorectal resections: 

an integrated systematic review and 

meta-analysis of published randomized 

controlled trials. Colorectal Dis 19, 

1050-1057 (2017). 

458. Guo, Y., et al. Early Versus Routine 

Stoma Closure in Patients With 

Colorectal Resection: A Meta-Analysis of 

7 Randomized Controlled Trials. Surg 

Innov 27, 291-298 (2020). 

459. De Haes, F., Bullen, N.L., Antoniou, G.A., 

Smart, N.J. & Antoniou, S.A. Systematic 

review and meta-analysis of incisional 

hernia post-reversal of ileostomy. 

Hernia 24, 9-21 (2020). 

460. Lambrichts, D.P.V., et al. Incidence, risk 

factors and prevention of stoma site 

incisional hernias: a systematic review 

and meta-analysis. Colorectal Dis 20, 

O288-O303 (2018). 

461. Nikberg, M., Sverrisson, I., Tsimogiannis, 

K., Chabok, A. & Smedh, K. Prophylactic 

stoma mesh did not prevent parastomal 

hernias. Int J Colorectal Dis 30, 1217-

1222 (2015). 

462. Odensten, C., et al. Use of Prophylactic 

Mesh When Creating a Colostomy Does 

Not Prevent Parastomal Hernia: A 

Randomized Controlled Trial-

STOMAMESH. Ann Surg 269, 427-431 

(2019). 

463. Geng, H.Z., Nasier, D., Liu, B., Gao, H. & 

Xu, Y.K. Meta-analysis of elective 

surgical complications related to 

defunctioning loop ileostomy compared 

with loop colostomy after low anterior 

resection for rectal carcinoma. Ann R 

Coll Surg Engl 97, 494-501 (2015). 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

112 

464. Klink, C.D., et al. Diversion stoma after 

colorectal surgery: loop colostomy or 

ileostomy? Int J Colorectal Dis 26, 431-

436 (2011). 

465. Li, L.T., et al. Circular closure is 

associated with the lowest rate of 

surgical site infection following stoma 

reversal: a systematic review and 

multiple treatment meta-analysis. 

Colorectal Dis 16, 406-416 (2014). 

466. Li, W., et al. Does stoma site specimen 

extraction increase postoperative 

ileostomy complication rates? Surg 

Endosc 31, 3552-3558 (2017). 

467. Holmgren, K., et al. High stoma 

prevalence and stoma reversal 

complications following anterior 

resection for rectal cancer: a 

population-based multicentre study. 

Colorectal Dis 19, 1067-1075 (2017). 

468. Hsieh, M.C., Kuo, L.T., Chi, C.C., Huang, 

W.S. & Chin, C.C. Pursestring Closure 

versus Conventional Primary Closure 

Following Stoma Reversal to Reduce 

Surgical Site Infection Rate: A Meta-

analysis of Randomized Controlled 

Trials. Dis Colon Rectum 58, 808-815 

(2015). 

469. Wada, Y., et al. Comparison of surgical 

techniques for stoma closure: A 

retrospective study of purse-string skin 

closure versus conventional skin closure 

following ileostomy and colostomy 

reversal. Mol Clin Oncol 3, 619-622 

(2015). 

470. Young, M.T., et al. Laparoscopic Versus 

Open Loop Ileostomy Reversal: Is there 

an Advantage to a Minimally Invasive 

Approach? World J Surg 39, 2805-2811 

(2015). 

471. Bryant, C.L., Lunniss, P.J., Knowles, C.H., 

Thaha, M.A. & Chan, C.L. Anterior 

resection syndrome. Lancet Oncol 13, 

e403-408 (2012). 

472. Keane, C., Wells, C., O'Grady, G. & Bissett, 

I.P. Defining low anterior resection 

syndrome: a systematic review of the 

literature. Colorectal Dis 19, 713-722 

(2017). 

473. Emmertsen, K.J. & Laurberg, S. Low 

anterior resection syndrome score: 

development and validation of a 

symptom-based scoring system for 

bowel dysfunction after low anterior 

resection for rectal cancer. Ann Surg 

255, 922-928 (2012). 

474. Kranawetter, M., et al. Low anterior 

resection syndrome (LARS) in patients 

with epithelial ovarian cancer after 

primary debulking surgery. Gynecol 

Oncol 154, 577-582 (2019). 

475. Allegranzi, B., et al. New WHO 

recommendations on preoperative 

measures for surgical site infection 

prevention: an evidence-based global 

perspective. Lancet Infect Dis 16, e276-

e287 (2016). 

476. Classen, D.C., et al. The timing of 

prophylactic administration of 

antibiotics and the risk of surgical-

wound infection. N Engl J Med 326, 281-

286 (1992). 

477. van Kasteren, M.E., et al. Antibiotic 

prophylaxis and the risk of surgical site 

infections following total hip 

arthroplasty: timely administration is 

the most important factor. Clin Infect Dis 

44, 921-927 (2007). 

478. Weber, W.P., et al. The timing of surgical 

antimicrobial prophylaxis. Ann Surg 

247, 918-926 (2008). 

479. Steinberg, J.P., et al. Timing of 

antimicrobial prophylaxis and the risk 

of surgical site infections: results from 

the Trial to Reduce Antimicrobial 

Prophylaxis Errors. Ann Surg 250, 10-16 

(2009). 

480. Ho, V.P., et al. Antibiotic regimen and the 

timing of prophylaxis are important for 

reducing surgical site infection after 

elective abdominal colorectal surgery. 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

113 

Surg Infect (Larchmt) 12, 255-260 

(2011). 

481. Koch, C.G., et al. When the timing is 

right: Antibiotic timing and infection 

after cardiac surgery. J Thorac 

Cardiovasc Surg 144, 931-937 e934 

(2012). 

482. Koch, C.G., et al. Is it time to refine? An 

exploration and simulation of optimal 

antibiotic timing in general surgery. J 

Am Coll Surg 217, 628-635 (2013). 

483. El-Mahallawy, H.A., Hassan, S.S., Khalifa, 

H.I., El-Sayed Safa, M.M. & Khafagy, M.M. 

Comparing a combination of penicillin G 

and gentamicin to a combination of 

clindamycin and amikacin as 

prophylactic antibiotic regimens in 

prevention of clean contaminated 

wound infections in cancer surgery. J 

Egypt Natl Canc Inst 25, 31-35 (2013). 

484. Munoz Platon, E., Jimenez Antolin, J.A., 

Brea Zubigaray, S. & Bravo Garcia, P. 

[The effect of surgical antibiotic 

prophylaxis and the timing of its 

administration on the risk of surgical 

wound infection]. Rev Clin Esp 195, 669-

673 (1995). 

485. Lizan-Garcia, M., Garcia-Caballero, J. & 

Asensio-Vegas, A. Risk factors for 

surgical-wound infection in general 

surgery: a prospective study. Infect 

Control Hosp Epidemiol 18, 310-315 

(1997). 

486. Trick, W.E., et al. Modifiable risk factors 

associated with deep sternal site 

infection after coronary artery bypass 

grafting. J Thorac Cardiovasc Surg 119, 

108-114 (2000). 

487. Garey, K.W., et al. Timing of vancomycin 

prophylaxis for cardiac surgery patients 

and the risk of surgical site infections. J 

Antimicrob Chemother 58, 645-650 

(2006). 

488. Kasatpibal, N., et al. Risk of surgical site 

infection and efficacy of antibiotic 

prophylaxis: a cohort study of 

appendectomy patients in Thailand. 

BMC Infect Dis 6, 111 (2006). 

489. Allegranzi, B., et al. New WHO 

recommendations on intraoperative and 

postoperative measures for surgical site 

infection prevention: an evidence-based 

global perspective. Lancet Infect Dis 16, 

e288-e303 (2016). 

490. Kanhutu, K., et al. Spleen Australia 

guidelines for the prevention of sepsis 

in patients with asplenia and 

hyposplenism in Australia and New 

Zealand. Intern Med J 47, 848-855 

(2017). 

491. Di Sabatino, A., Carsetti, R. & Corazza, 

G.R. Post-splenectomy and hyposplenic 

states. Lancet 378, 86-97 (2011). 

492. El-Alfy, M.S. & El-Sayed, M.H. 

Overwhelming postsplenectomy 

infection: is quality of patient 

knowledge enough for prevention? 

Hematol J 5, 77-80 (2004). 

493. Rubin, L.G. & Schaffner, W. Clinical 

practice. Care of the asplenic patient. N 

Engl J Med 371, 349-356 (2014). 

494. Theilacker, C., et al. Overwhelming 

Postsplenectomy Infection: A 

Prospective Multicenter Cohort Study. 

Clin Infect Dis 62, 871-878 (2016). 

495. Forstner, C., et al. Effectiveness and 

immunogenicity of pneumococcal 

vaccination in splenectomized and 

functionally asplenic patients. Vaccine 

30, 5449-5452 (2012). 

496. Keenan, R.D., Boswell, T. & Milligan, 

D.W. Do post-splenectomy patients take 

prophylactic penicillin? Br J Haematol 

105, 509-510 (1999). 

497. Davies, J.M., et al. Review of guidelines 

for the prevention and treatment of 

infection in patients with an absent or 

dysfunctional spleen: prepared on 

behalf of the British Committee for 

Standards in Haematology by a working 

party of the Haemato-Oncology task 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

114 

force. Br J Haematol 155, 308-317 

(2011). 

498. Kehlet, H. & Dahl, J.B. The value of 

"multimodal" or "balanced analgesia" in 

postoperative pain treatment. Anesth 

Analg 77, 1048-1056 (1993). 

499. Zakine, J., et al. Postoperative ketamine 

administration decreases morphine 

consumption in major abdominal 

surgery: a prospective, randomized, 

double-blind, controlled study. Anesth 

Analg 106, 1856-1861 (2008). 

500. De Oliveira, G.S., Jr., Castro-Alves, L.J., 

Khan, J.H. & McCarthy, R.J. Perioperative 

systemic magnesium to minimize 

postoperative pain: a meta-analysis of 

randomized controlled trials. 

Anesthesiology 119, 178-190 (2013). 

501. Seib, R.K. & Paul, J.E. Preoperative 

gabapentin for postoperative analgesia: 

a meta-analysis. Can J Anaesth 53, 461-

469 (2006). 

502. Clarke, H., et al. The prevention of 

chronic postsurgical pain using 

gabapentin and pregabalin: a combined 

systematic review and meta-analysis. 

Anesth Analg 115, 428-442 (2012). 

503. Devereaux, P.J., et al. Clonidine in 

patients undergoing noncardiac surgery. 

N Engl J Med 370, 1504-1513 (2014). 

504. Gupta, A., Favaios, S., Perniola, A., 

Magnuson, A. & Berggren, L. A meta-

analysis of the efficacy of wound 

catheters for post-operative pain 

management. Acta Anaesthesiol Scand 

55, 785-796 (2011). 

505. Rafi, A.N. Abdominal field block: a new 

approach via the lumbar triangle. 

Anaesthesia 56, 1024-1026 (2001). 

506. Ilfeld, B.M., Eisenach, J.C. & Gabriel, R.A. 

Clinical Effectiveness of Liposomal 

Bupivacaine Administered by 

Infiltration or Peripheral Nerve Block to 

Treat Postoperative Pain. Anesthesiology 

134, 283-344 (2021). 

507. Block, B.M., et al. Efficacy of 

postoperative epidural analgesia: a 

meta-analysis. JAMA 290, 2455-2463 

(2003). 

508. Popping, D.M., et al. Effectiveness and 

safety of postoperative pain 

management: a survey of 18 925 

consecutive patients between 1998 and 

2006 (2nd revision): a database analysis 

of prospectively raised data. Br J 

Anaesth 101, 832-840 (2008). 

509. Popping, D.M., Elia, N., Marret, E., Remy, 

C. & Tramer, M.R. Protective effects of 

epidural analgesia on pulmonary 

complications after abdominal and 

thoracic surgery: a meta-analysis. Arch 

Surg 143, 990-999; discussion 1000 

(2008). 

510. Popping, D.M., et al. Impact of epidural 

analgesia on mortality and morbidity 

after surgery: systematic review and 

meta-analysis of randomized controlled 

trials. Ann Surg 259, 1056-1067 (2014). 

511. Tseng, J.H., et al. Perioperative epidural 

use and survival outcomes in patients 

undergoing primary debulking surgery 

for advanced ovarian cancer. Gynecol 

Oncol 151, 287-293 (2018). 

512. Hermanides, J., Hollmann, M.W., Stevens, 

M.F. & Lirk, P. Failed epidural: causes 

and management. Br J Anaesth 109, 

144-154 (2012). 

513. Cook, T.M., Counsell, D. & Wildsmith, J.A. 

Major complications of central neuraxial 

block: report on the Third National 

Audit Project of the Royal College of 

Anaesthetists. Br J Anaesth 102, 179-

190 (2009). 

514. Ackroyd, S.A., et al. Postoperative 

complications of epidural analgesia at 

hysterectomy for gynecologic 

malignancies: an analysis of the National 

Surgical Quality Improvement Program. 

Int J Gynecol Cancer 30, 1203-1209 

(2020). 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

115 

515. Devys, J.M., et al. Intrathecal + PCA 

morphine improves analgesia during 

the first 24 hr after major abdominal 

surgery compared to PCA alone. Can J 

Anaesth 50, 355-361 (2003). 

516. Andrieu, G., et al. The efficacy of 

intrathecal morphine with or without 

clonidine for postoperative analgesia 

after radical prostatectomy. Anesth 

Analg 108, 1954-1957 (2009). 

517. Sakowska, M., Docherty, E., Linscott, D. 

& Connor, S. A change in practice from 

epidural to intrathecal morphine 

analgesia for hepato-pancreato-biliary 

surgery. World J Surg 33, 1802-1808 

(2009). 

518. Kjolhede, P., Bergdahl, O., Borendal 

Wodlin, N. & Nilsson, L. Effect of 

intrathecal morphine and epidural 

analgesia on postoperative recovery 

after abdominal surgery for gynecologic 

malignancy: an open-label randomised 

trial. BMJ Open 9, e024484 (2019). 

519. Levy, B.F., Scott, M.J., Fawcett, W., Fry, C. 

& Rockall, T.A. Randomized clinical trial 

of epidural, spinal or patient-controlled 

analgesia for patients undergoing 

laparoscopic colorectal surgery. Br J 

Surg 98, 1068-1078 (2011). 

520. Day, A.R., Smith, R.V., Scott, M.J., Fawcett, 

W.J. & Rockall, T.A. Randomized clinical 

trial investigating the stress response 

from two different methods of analgesia 

after laparoscopic colorectal surgery. Br 

J Surg 102, 1473-1479 (2015). 

521. Bergqvist, D., et al. Duration of 

prophylaxis against venous 

thromboembolism with enoxaparin 

after surgery for cancer. N Engl J Med 

346, 975-980 (2002). 

522. Rasmussen, M.S., et al. Prolonged 

prophylaxis with dalteparin to prevent 

late thromboembolic complications in 

patients undergoing major abdominal 

surgery: a multicenter randomized 

open-label study. J Thromb Haemost 4, 

2384-2390 (2006). 

523. Guntupalli, S.R., et al. Safety and Efficacy 

of Apixaban vs Enoxaparin for 

Preventing Postoperative Venous 

Thromboembolism in Women 

Undergoing Surgery for Gynecologic 

Malignant Neoplasm: A Randomized 

Clinical Trial. JAMA Netw Open 3, 

e207410 (2020). 

524. Morris, R.J. & Woodcock, J.P. 

Intermittent pneumatic compression or 

graduated compression stockings for 

deep vein thrombosis prophylaxis? A 

systematic review of direct clinical 

comparisons. Ann Surg 251, 393-396 

(2010). 

525. Kakkos, S.K., et al. Combined 

intermittent pneumatic leg compression 

and pharmacological prophylaxis for 

prevention of venous thromboembolism 

in high-risk patients. Cochrane Database 

Syst Rev, CD005258 (2008). 

526. Gould, M.K., et al. Prevention of VTE in 

nonorthopedic surgical patients: 

Antithrombotic Therapy and Prevention 

of Thrombosis, 9th ed: American College 

of Chest Physicians Evidence-Based 

Clinical Practice Guidelines. Chest 141, 

e227S-e277S (2012). 

527. Arabi, Y.M., et al. Use of intermittent 

pneumatic compression and not 

graduated compression stockings is 

associated with lower incident VTE in 

critically ill patients: a multiple 

propensity scores adjusted analysis. 

Chest 144, 152-159 (2013). 

528. Eppsteiner, R.W., Shin, J.J., Johnson, J. & 

van Dam, R.M. Mechanical compression 

versus subcutaneous heparin therapy in 

postoperative and posttrauma patients: 

a systematic review and meta-analysis. 

World J Surg 34, 10-19 (2010). 

529. Ho, K.M. & Tan, J.A. Stratified meta-

analysis of intermittent pneumatic 

compression of the lower limbs to 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

116 

prevent venous thromboembolism in 

hospitalized patients. Circulation 128, 

1003-1020 (2013). 

530. Key, N.S., et al. Venous 

Thromboembolism Prophylaxis and 

Treatment in Patients With Cancer: 

ASCO Clinical Practice Guideline Update. 

J Clin Oncol 38, 496-520 (2020). 

531. Jung, Y.J., et al. Venous 

Thromboembolism Incidence and 

Prophylaxis Use After Gastrectomy 

Among Korean Patients With Gastric 

Adenocarcinoma: The PROTECTOR 

Randomized Clinical Trial. JAMA Surg 

153, 939-946 (2018). 

532. Elpern, E., Killeen, K., Patel, G. & Senecal, 

P.A. The application of intermittent 

pneumatic compression devices for 

thromboprophylaxis: AN observational 

study found frequent errors in the 

application of these mechanical devices 

in ICUs. Am J Nurs 113, 30-36; quiz 37 

(2013). 

533. Albaladejo, P., et al. Management of 

direct oral anticoagulants in patients 

undergoing elective surgeries and 

invasive procedures: Updated 

guidelines from the French Working 

Group on Perioperative Hemostasis 

(GIHP) - September 2015. Anaesth Crit 

Care Pain Med 36, 73-76 (2017). 

534. Douketis, J.D., et al. Perioperative 

management of antithrombotic therapy: 

Antithrombotic Therapy and Prevention 

of Thrombosis, 9th ed: American College 

of Chest Physicians Evidence-Based 

Clinical Practice Guidelines. Chest 141, 

e326S-e350S (2012). 

535. Lip, G.Y.H., et al. Antithrombotic 

Therapy in Atrial Fibrillation Associated 

with Valvular Heart Disease: Executive 

Summary of a Joint Consensus 

Document from the European Heart 

Rhythm Association (EHRA) and 

European Society of Cardiology Working 

Group on Thrombosis, Endorsed by the 

ESC Working Group on Valvular Heart 

Disease, Cardiac Arrhythmia Society of 

Southern Africa (CASSA), Heart Rhythm 

Society (HRS), Asia Pacific Heart 

Rhythm Society (APHRS), South African 

Heart (SA Heart) Association and 

Sociedad Latinoamericana de 

Estimulacion Cardiaca y 

Electrofisiologia (SOLEACE). Thromb 

Haemost 117, 2215-2236 (2017). 

536. Douketis, J.D., Foster, G.A., Crowther, 

M.A., Prins, M.H. & Ginsberg, J.S. Clinical 

risk factors and timing of recurrent 

venous thromboembolism during the 

initial 3 months of anticoagulant 

therapy. Arch Intern Med 160, 3431-

3436 (2000). 

537. Kyrle, P.A. & Eichinger, S. Deep vein 

thrombosis. Lancet 365, 1163-1174 

(2005). 

538. White, R.H. The epidemiology of venous 

thromboembolism. Circulation 107, I4-8 

(2003). 

539. Carrier, M. & Prandoni, P. Controversies 

in the management of cancer-associated 

thrombosis. Expert Rev Hematol 10, 15-

22 (2017). 

540. Wysokinska, E.M., et al. Periprocedural 

Anticoagulation Management of Patients 

with Thrombophilia. Am J Med 129, 

986-992 (2016). 

541. Douketis, J.D., Johnson, J.A. & Turpie, 

A.G. Low-molecular-weight heparin as 

bridging anticoagulation during 

interruption of warfarin: assessment of 

a standardized periprocedural 

anticoagulation regimen. Arch Intern 

Med 164, 1319-1326 (2004). 

542. Kovacs, M.J., et al. Single-arm study of 

bridging therapy with low-molecular-

weight heparin for patients at risk of 

arterial embolism who require 

temporary interruption of warfarin. 

Circulation 110, 1658-1663 (2004). 

543. O'Donnell, M.J., et al. Brief 

communication: Preoperative 

anticoagulant activity after bridging 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

117 

low-molecular-weight heparin for 

temporary interruption of warfarin. Ann 

Intern Med 146, 184-187 (2007). 

544. Hirsh, J. & Raschke, R. Heparin and low-

molecular-weight heparin: the Seventh 

ACCP Conference on Antithrombotic 

and Thrombolytic Therapy. Chest 126, 

188S-203S (2004). 

545. Douketis, J.D., Woods, K., Foster, G.A. & 

Crowther, M.A. Bridging anticoagulation 

with low-molecular-weight heparin 

after interruption of warfarin therapy is 

associated with a residual anticoagulant 

effect prior to surgery. Thromb Haemost 

94, 528-531 (2005). 

546. Spyropoulos, A.C., Al-Badri, A., 

Sherwood, M.W. & Douketis, J.D. 

Periprocedural management of patients 

receiving a vitamin K antagonist or a 

direct oral anticoagulant requiring an 

elective procedure or surgery. J Thromb 

Haemost 14, 875-885 (2016). 

547. Douketis, J.D., et al. Perioperative 

Management of Patients With Atrial 

Fibrillation Receiving a Direct Oral 

Anticoagulant. JAMA Intern Med 179, 

1469-1479 (2019). 

548. Hart, R.G., et al. Lessons from the Stroke 

Prevention in Atrial Fibrillation trials. 

Ann Intern Med 138, 831-838 (2003). 

549. Pearce, L.A., Hart, R.G. & Halperin, J.L. 

Assessment of three schemes for 

stratifying stroke risk in patients with 

nonvalvular atrial fibrillation. Am J Med 

109, 45-51 (2000). 

550. Gage, B.F., et al. Validation of clinical 

classification schemes for predicting 

stroke: results from the National 

Registry of Atrial Fibrillation. JAMA 285, 

2864-2870 (2001). 

551. Wysokinski, W.E., et al. Periprocedural 

anticoagulation management of patients 

with nonvalvular atrial fibrillation. Mayo 

Clin Proc 83, 639-645 (2008). 

552. Spyropoulos, A.C., et al. Clinical 

outcomes with unfractionated heparin 

or low-molecular-weight heparin as 

bridging therapy in patients on long-

term oral anticoagulants: the REGIMEN 

registry. J Thromb Haemost 4, 1246-

1252 (2006). 

553. Jaffer, A.K., et al. Low-molecular-weight-

heparins as periprocedural 

anticoagulation for patients on long-

term warfarin therapy: a standardized 

bridging therapy protocol. J Thromb 

Thrombolysis 20, 11-16 (2005). 

554. Spandorfer, J.M., Lynch, S., Weitz, H.H., 

Fertel, S. & Merli, G.J. Use of enoxaparin 

for the chronically anticoagulated 

patient before and after procedures. Am 

J Cardiol 84, 478-480, A410 (1999). 

555. Spyropoulos, A.C., et al. Perioperative 

bridging therapy with unfractionated 

heparin or low-molecular-weight 

heparin in patients with mechanical 

prosthetic heart valves on long-term 

oral anticoagulants (from the REGIMEN 

Registry). Am J Cardiol 102, 883-889 

(2008). 

556. Katholi, R.E., Nolan, S.P. & McGuire, L.B. 

The management of anticoagulation 

during noncardiac operations in 

patients with prosthetic heart valves. A 

prospective study. Am Heart J 96, 163-

165 (1978). 

557. Douketis, J.D., et al. Perioperative 

Bridging Anticoagulation in Patients 

with Atrial Fibrillation. N Engl J Med 

373, 823-833 (2015). 

558. Healey, J.S., et al. Periprocedural 

bleeding and thromboembolic events 

with dabigatran compared with 

warfarin: results from the Randomized 

Evaluation of Long-Term 

Anticoagulation Therapy (RE-LY) 

randomized trial. Circulation 126, 343-

348 (2012). 

559. Sherwood, M.W., et al. Outcomes of 

temporary interruption of rivaroxaban 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

118 

compared with warfarin in patients 

with nonvalvular atrial fibrillation: 

results from the rivaroxaban once daily, 

oral, direct factor Xa inhibition 

compared with vitamin K antagonism 

for prevention of stroke and embolism 

trial in atrial fibrillation (ROCKET AF). 

Circulation 129, 1850-1859 (2014). 

560. Garcia, D., et al. Management and clinical 

outcomes in patients treated with 

apixaban vs warfarin undergoing 

procedures. Blood 124, 3692-3698 

(2014). 

561. Hering, D., et al. Thromboembolic and 

bleeding complications following St. 

Jude Medical valve replacement: results 

of the German Experience With Low-

Intensity Anticoagulation Study. Chest 

127, 53-59 (2005). 

562. Cannegieter, S.C., Rosendaal, F.R. & 

Briet, E. Thromboembolic and bleeding 

complications in patients with 

mechanical heart valve prostheses. 

Circulation 89, 635-641 (1994). 

563. Oscarsson, A., et al. To continue or 

discontinue aspirin in the perioperative 

period: a randomized, controlled clinical 

trial. Br J Anaesth 104, 305-312 (2010). 

564. Burger, W., Chemnitius, J.M., Kneissl, 

G.D. & Rucker, G. Low-dose aspirin for 

secondary cardiovascular prevention - 

cardiovascular risks after its 

perioperative withdrawal versus 

bleeding risks with its continuation - 

review and meta-analysis. J Intern Med 

257, 399-414 (2005). 

565. Nuttall, G.A., et al. Time and cardiac risk 

of surgery after bare-metal stent 

percutaneous coronary intervention. 

Anesthesiology 109, 588-595 (2008). 

566. Anwaruddin, S., et al. Characterization of 

post-operative risk associated with 

prior drug-eluting stent use. JACC 

Cardiovasc Interv 2, 542-549 (2009). 

567. Rabbitts, J.A., et al. Cardiac risk of 

noncardiac surgery after percutaneous 

coronary intervention with drug-eluting 

stents. Anesthesiology 109, 596-604 

(2008). 

568. Meyer, G., et al. Comparison of low-

molecular-weight heparin and warfarin 

for the secondary prevention of venous 

thromboembolism in patients with 

cancer: a randomized controlled study. 

Arch Intern Med 162, 1729-1735 

(2002). 

569. Lee, A.Y., et al. Low-molecular-weight 

heparin versus a coumarin for the 

prevention of recurrent venous 

thromboembolism in patients with 

cancer. N Engl J Med 349, 146-153 

(2003). 

570. Hull, R.D., et al. Long-term low-

molecular-weight heparin versus usual 

care in proximal-vein thrombosis 

patients with cancer. Am J Med 119, 

1062-1072 (2006). 

571. Deitcher, S.R., et al. Secondary 

prevention of venous thromboembolic 

events in patients with active cancer: 

enoxaparin alone versus initial 

enoxaparin followed by warfarin for a 

180-day period. Clin Appl Thromb 

Hemost 12, 389-396 (2006). 

572. Lee, A.Y.Y., et al. Tinzaparin vs Warfarin 

for Treatment of Acute Venous 

Thromboembolism in Patients With 

Active Cancer: A Randomized Clinical 

Trial. JAMA 314, 677-686 (2015). 

573. Vedovati, M.C., Germini, F., Agnelli, G. & 

Becattini, C. Direct oral anticoagulants in 

patients with VTE and cancer: a 

systematic review and meta-analysis. 

Chest 147, 475-483 (2015). 

574. Raskob, G.E., et al. Edoxaban for the 

Treatment of Cancer-Associated Venous 

Thromboembolism. N Engl J Med 378, 

615-624 (2018). 

575. Young, A.M., et al. Comparison of an Oral 

Factor Xa Inhibitor With Low Molecular 

Weight Heparin in Patients With Cancer 

With Venous Thromboembolism: 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

119 

Results of a Randomized Trial (SELECT-

D). J Clin Oncol 36, 2017-2023 (2018). 

576. McBane, R.D., 2nd, et al. Apixaban and 

dalteparin in active malignancy-

associated venous thromboembolism: 

The ADAM VTE trial. J Thromb Haemost 

18, 411-421 (2020). 

577. Regional anaesthesia and patients with 

abnormalities of coagulation: the 

Association of Anaesthetists of Great 

Britain & Ireland The Obstetric 

Anaesthetists' Association Regional 

Anaesthesia UK. Anaesthesia 68, 966-

972 (2013). 

578. Horlocker, T.T., et al. Regional 

Anesthesia in the Patient Receiving 

Antithrombotic or Thrombolytic 

Therapy: American Society of Regional 

Anesthesia and Pain Medicine Evidence-

Based Guidelines (Fourth Edition). Reg 

Anesth Pain Med 43, 263-309 (2018). 

579. Gogarten, W., et al. Regional anaesthesia 

and antithrombotic agents: 

recommendations of the European 

Society of Anaesthesiology. Eur J 

Anaesthesiol 27, 999-1015 (2010). 

580. Matsuo, K., et al. Inferior vena cava filter 

placement and risk of hematogenous 

distant metastasis in ovarian cancer. Am 

J Clin Oncol 36, 362-367 (2013). 

581. Barber, E.L. & Clarke-Pearson, D.L. 

Prevention of venous thromboembolism 

in gynecologic oncology surgery. 

Gynecol Oncol 144, 420-427 (2017). 

582. Decousus, H., et al. A clinical trial of vena 

caval filters in the prevention of 

pulmonary embolism in patients with 

proximal deep-vein thrombosis. 

Prevention du Risque d'Embolie 

Pulmonaire par Interruption Cave Study 

Group. N Engl J Med 338, 409-415 

(1998). 

583. Mismetti, P., et al. Effect of a retrievable 

inferior vena cava filter plus 

anticoagulation vs anticoagulation alone 

on risk of recurrent pulmonary 

embolism: a randomized clinical trial. 

JAMA 313, 1627-1635 (2015). 

584. Rajasekhar, A. & Streiff, M.B. Vena cava 

filters for management of venous 

thromboembolism: a clinical review. 

Blood Rev 27, 225-241 (2013). 

585. Guyatt, G.H., Akl, E.A., Crowther, M., 

Gutterman, D.D. & Schuunemann, H.J. 

Executive summary: Antithrombotic 

Therapy and Prevention of Thrombosis, 

9th ed: American College of Chest 

Physicians Evidence-Based Clinical 

Practice Guidelines. Chest 141, 7S-47S 

(2012). 

586. Kearon, C., et al. Antithrombotic 

Therapy for VTE Disease: CHEST 

Guideline and Expert Panel Report. 

Chest 149, 315-352 (2016). 

587. Eight-year follow-up of patients with 

permanent vena cava filters in the 

prevention of pulmonary embolism: the 

PREPIC (Prevention du Risque 

d'Embolie Pulmonaire par Interruption 

Cave) randomized study. Circulation 

112, 416-422 (2005). 

588. Van Ha, T.G., et al. Use of retrievable 

compared to permanent inferior vena 

cava filters: a single-institution 

experience. Cardiovasc Intervent Radiol 

31, 308-315 (2008). 

589. Tao, M.J., Montbriand, J.M., Eisenberg, N., 

Sniderman, K.W. & Roche-Nagle, G. 

Temporary inferior vena cava filter 

indications, retrieval rates, and follow-

up management at a multicenter 

tertiary care institution. J Vasc Surg 64, 

430-437 (2016). 

590. Toon, C.D., Lusuku, C., Ramamoorthy, R., 

Davidson, B.R. & Gurusamy, K.S. Early 

versus delayed dressing removal after 

primary closure of clean and clean-

contaminated surgical wounds. 

Cochrane Database Syst Rev, CD010259 

(2015). 

591. Johnson, M.P., et al. Using Bundled 

Interventions to Reduce Surgical Site 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

120 

Infection After Major Gynecologic 

Cancer Surgery. Obstet Gynecol 127, 

1135-1144 (2016). 

592. Bakkum-Gamez, J.N. & Dowdy, S.C. 

Improving Surgical Site Infection Rates 

Through Continuous Quality 

Improvement. Ann Surg Oncol 24, 305-

307 (2017). 

593. Dumville, J.C., et al. Dressings for the 

prevention of surgical site infection. 

Cochrane Database Syst Rev 12, 

CD003091 (2016). 

594. Strobel, R.M., et al. Reduction of 

Postoperative Wound Infections by 

Antiseptica (RECIPE)?: A Randomized 

Controlled Trial. Ann Surg 272, 55-64 

(2020). 

595. Yao, T., et al. Frailty in ovarian cancer 

identified the need for increased 

postoperative care requirements 

following cytoreductive surgery. Gynecol 

Oncol 153, 68-73 (2019). 

596. Kumar, A., et al. Functional not 

chronologic age: Frailty index predicts 

outcomes in advanced ovarian cancer. 

Gynecol Oncol 147, 104-109 (2017). 

597. Al-Inany, H., Youssef, G., Abd ElMaguid, 

A., Abdel Hamid, M. & Naguib, A. Value 

of subcutaneous drainage system in 

obese females undergoing cesarean 

section using pfannenstiel incision. 

Gynecol Obstet Invest 53, 75-78 (2002). 

598. Gurusamy, K.S., Toon, C.D. & Davidson, 

B.R. Subcutaneous closure versus no 

subcutaneous closure after non-

caesarean surgical procedures. 

Cochrane Database Syst Rev, CD010425 

(2014). 

599. Cardosi, R.J., et al. Subcutaneous 

management of vertical incisions with 3 

or more centimeters of subcutaneous 

fat. Am J Obstet Gynecol 195, 607-614; 

discussion 614-606 (2006). 

600. Magann, E.F., et al. Subcutaneous stitch 

closure versus subcutaneous drain to 

prevent wound disruption after 

cesarean delivery: a randomized clinical 

trial. Am J Obstet Gynecol 186, 1119-

1123 (2002). 

601. Ramsey, P.S., et al. Subcutaneous tissue 

reapproximation, alone or in 

combination with drain, in obese 

women undergoing cesarean delivery. 

Obstet Gynecol 105, 967-973 (2005). 

602. Cruse, P.J. & Foord, R. A five-year 

prospective study of 23,649 surgical 

wounds. Arch Surg 107, 206-210 

(1973). 

603. Kim, S.I., et al. Application of a 

subcutaneous negative pressure drain 

without subcutaneous suture: impact on 

wound healing in gynecologic surgery. 

Eur J Obstet Gynecol Reprod Biol 173, 

94-100 (2014). 

604. Gallup, D.C., et al. Use of a subcutaneous 

closed drainage system and antibiotics 

in obese gynecologic patients. Am J 

Obstet Gynecol 175, 358-361; discussion 

362 (1996). 

605. Panici, P.B., Zullo, M.A., Casalino, B., 

Angioli, R. & Muzii, L. Subcutaneous 

drainage versus no drainage after 

minilaparotomy in gynecologic benign 

conditions: a randomized study. Am J 

Obstet Gynecol 188, 71-75 (2003). 

606. Simchen, E., Rozin, R. & Wax, Y. The 

Israeli Study of Surgical Infection of 

drains and the risk of wound infection in 

operations for hernia. Surg Gynecol 

Obstet 170, 331-337 (1990). 

607. Vilar-Compte, D., Jacquemin, B., Robles-

Vidal, C. & Volkow, P. Surgical site 

infections in breast surgery: case-

control study. World J Surg 28, 242-246 

(2004). 

608. Scevola, S., Youssef, A., Kroll, S.S. & 

Langstein, H. Drains and seromas in 

TRAM flap breast reconstruction. Ann 

Plast Surg 48, 511-514 (2002). 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

121 

609. Kim, S.I., et al. Benefit of negative 

pressure drain within surgical wound 

after cytoreductive surgery for ovarian 

cancer. Int J Gynecol Cancer 25, 145-151 

(2015). 

610. Chung, Y.S., et al. Impact of 

subcutaneous negative pressure drains 

on surgical wound healing in ovarian 

cancer. Int J Gynecol Cancer (2020). 

611. Seidel, D., et al. Negative Pressure 

Wound Therapy vs Conventional Wound 

Treatment in Subcutaneous Abdominal 

Wound Healing Impairment: The 

SAWHI Randomized Clinical Trial. JAMA 

Surg 155, 469-478 (2020). 

612. Singh, D., Chopra, K., Sabino, J. & Brown, 

E. Practical Things You Should Know 

about Wound Healing and Vacuum-

Assisted Closure Management. Plast 

Reconstr Surg 145, 839e-854e (2020). 

613. Baharestani, M.M. & Gabriel, A. Use of 

negative pressure wound therapy in the 

management of infected abdominal 

wounds containing mesh: an analysis of 

outcomes. Int Wound J 8, 118-125 

(2011). 

614. Giuliano, A., Lewis, F., Jr., Hadley, K. & 

Blaisdell, F.W. Bacteriology of 

necrotizing fasciitis. Am J Surg 134, 52-

57 (1977). 

615. Stevens, D.L., et al. Practice guidelines 

for the diagnosis and management of 

skin and soft tissue infections: 2014 

update by the infectious diseases society 

of America. Clin Infect Dis 59, 147-159 

(2014). 

616. Sartelli, M., et al. 2018 WSES/SIS-E 

consensus conference: 

recommendations for the management 

of skin and soft-tissue infections. World J 

Emerg Surg 13, 58 (2018). 

617. Stevens, D.L., et al. Severe group A 

streptococcal infections associated with 

a toxic shock-like syndrome and scarlet 

fever toxin A. N Engl J Med 321, 1-7 

(1989). 

618. Chelsom, J., Halstensen, A., Haga, T. & 

Hoiby, E.A. Necrotising fasciitis due to 

group A streptococci in western 

Norway: incidence and clinical features. 

Lancet 344, 1111-1115 (1994). 

619. Zimbelman, J., Palmer, A. & Todd, J. 

Improved outcome of clindamycin 

compared with beta-lactam antibiotic 

treatment for invasive Streptococcus 

pyogenes infection. Pediatr Infect Dis J 

18, 1096-1100 (1999). 

620. Mulla, Z.D., Leaverton, P.E. & Wiersma, 

S.T. Invasive group A streptococcal 

infections in Florida. South Med J 96, 

968-973 (2003). 

621. Hadeed, G.J., et al. Early surgical 

intervention and its impact on patients 

presenting with necrotizing soft tissue 

infections: A single academic center 

experience. J Emerg Trauma Shock 9, 

22-27 (2016). 

622. Bilton, B.D., et al. Aggressive surgical 

management of necrotizing fasciitis 

serves to decrease mortality: a 

retrospective study. Am Surg 64, 397-

400; discussion 400-391 (1998). 

623. Hakkarainen, T.W., Kopari, N.M., Pham, 

T.N. & Evans, H.L. Necrotizing soft tissue 

infections: review and current concepts 

in treatment, systems of care, and 

outcomes. Curr Probl Surg 51, 344-362 

(2014). 

624. Gelbard, R.B., et al. Optimal timing of 

initial debridement for necrotizing soft 

tissue infection: A Practice Management 

Guideline from the Eastern Association 

for the Surgery of Trauma. J Trauma 

Acute Care Surg 85, 208-214 (2018). 

625. Deerenberg, E.B., et al. Small bites 

versus large bites for closure of 

abdominal midline incisions (STITCH): a 

double-blind, multicentre, randomised 

controlled trial. Lancet 386, 1254-1260 

(2015). 

626. Millbourn, D., Cengiz, Y. & Israelsson, 

L.A. Effect of stitch length on wound 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

122 

complications after closure of midline 

incisions: a randomized controlled trial. 

Arch Surg 144, 1056-1059 (2009). 

627. Finan, K.R., Vick, C.C., Kiefe, C.I., 

Neumayer, L. & Hawn, M.T. Predictors of 

wound infection in ventral hernia 

repair. Am J Surg 190, 676-681 (2005). 

628. Perez-Kohler, B., Bayon, Y. & Bellon, J.M. 

Mesh Infection and Hernia Repair: A 

Review. Surg Infect (Larchmt) 17, 124-

137 (2016). 

629. Mavros, M.N., et al. Risk factors for 

mesh-related infections after hernia 

repair surgery: a meta-analysis of 

cohort studies. World J Surg 35, 2389-

2398 (2011). 

630. White, T.J., Santos, M.C. & Thompson, J.S. 

Factors affecting wound complications 

in repair of ventral hernias. Am Surg 64, 

276-280 (1998). 

631. Falagas, M.E. & Kasiakou, S.K. Mesh-

related infections after hernia repair 

surgery. Clin Microbiol Infect 11, 3-8 

(2005). 

632. Holihan, J.L., et al. Mesh Location in 

Open Ventral Hernia Repair: A 

Systematic Review and Network Meta-

analysis. World J Surg 40, 89-99 (2016). 

633. Arends, J., et al. ESPEN expert group 

recommendations for action against 

cancer-related malnutrition. Clin Nutr 

36, 1187-1196 (2017). 

634. Gupta, D., Lis, C.G., Vashi, P.G. & 

Lammersfeld, C.A. Impact of improved 

nutritional status on survival in ovarian 

cancer. Support Care Cancer 18, 373-

381 (2010). 

635. Hertlein, L., et al. Malnutrition and 

clinical outcome in gynecologic patients. 

Eur J Obstet Gynecol Reprod Biol 174, 

137-140 (2014). 

636. Gyan, E., et al. Malnutrition in Patients 

With Cancer: Comparison of Perceptions 

by Patients, Relatives, and Physicians-

Results of the NutriCancer2012 Study. 

JPEN J Parenter Enteral Nutr 42, 255-

260 (2018). 

637. Gupta, D., Vashi, P.G., Lammersfeld, C.A. 

& Braun, D.P. Role of nutritional status 

in predicting the length of stay in 

cancer: a systematic review of the 

epidemiological literature. Ann Nutr 

Metab 59, 96-106 (2011). 

638. Torgersen, Z. & Balters, M. Perioperative 

nutrition. Surg Clin North Am 95, 255-

267 (2015). 

639. Fuchs-Tarlovsky, V., Alvarez-

Altamirano, K., Turquie-Sacal, D., 

Alvarez-Flores, C. & Hernandez-Steller, 

H. Nutritional status and body 

composition are already affected before 

oncology treatment in ovarian cancer. 

Asia Pac J Clin Nutr 22, 426-430 (2013). 

640. Kathiresan, A.S., Brookfield, K.F., 

Schuman, S.I. & Lucci, J.A., 3rd. 

Malnutrition as a predictor of poor 

postoperative outcomes in gynecologic 

cancer patients. Arch Gynecol Obstet 

284, 445-451 (2011). 

641. Balogun, N., Forbes, A., Widschwendter, 

M. & Lanceley, A. Noninvasive 

nutritional management of ovarian 

cancer patients: beyond intestinal 

obstruction. Int J Gynecol Cancer 22, 

1089-1095 (2012). 

642. Wischmeyer, P.E., et al. American 

Society for Enhanced Recovery and 

Perioperative Quality Initiative Joint 

Consensus Statement on Nutrition 

Screening and Therapy Within a 

Surgical Enhanced Recovery Pathway. 

Anesth Analg 126, 1883-1895 (2018). 

643. Bisch, S., Nelson, G. & Altman, A. Impact 

of Nutrition on Enhanced Recovery 

After Surgery (ERAS) in Gynecologic 

Oncology. Nutrients 11(2019). 

644. Cotogni, P. Enteral versus parenteral 

nutrition in cancer patients: evidences 

and controversies. Ann Palliat Med 5, 

42-49 (2016). 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

123 

645. Inci, M.G., et al. Role of predictive 

markers for severe postoperative 

complications in gynecological cancer 

surgery: a prospective study (RISC-Gyn 

Trial). Int J Gynecol Cancer 30, 1975-

1982 (2020). 

646. Eglseer, D., Halfens, R.J. & Lohrmann, C. 

Is the presence of a validated 

malnutrition screening tool associated 

with better nutritional care in 

hospitalized patients? Nutrition 37, 104-

111 (2017). 

647. Mendes, N.P., Barros, T.A., Rosa, C.O.B. & 

Franceschini, S. Nutritional Screening 

Tools Used and Validated for Cancer 

Patients: A Systematic Review. Nutr 

Cancer 71, 898-907 (2019). 

648. Leuenberger, M., Kurmann, S. & Stanga, 

Z. Nutritional screening tools in daily 

clinical practice: the focus on cancer. 

Support Care Cancer 18 Suppl 2, S17-27 

(2010). 

649. Arends, J., et al. ESPEN guidelines on 

nutrition in cancer patients. Clin Nutr 

36, 11-48 (2017). 

650. Cederholm, T., et al. GLIM criteria for the 

diagnosis of malnutrition - A consensus 

report from the global clinical nutrition 

community. Clin Nutr 38, 1-9 (2019). 

651. Sarin, A., Chen, L.L. & Wick, E.C. 

Enhanced recovery after surgery-

Preoperative fasting and glucose 

loading-A review. J Surg Oncol 116, 578-

582 (2017). 

652. Yi, H.C., et al. Impact of Enhanced 

Recovery after Surgery with 

Preoperative Whey Protein-Infused 

Carbohydrate Loading and 

Postoperative Early Oral Feeding among 

Surgical Gynecologic Cancer Patients: 

An Open-Labelled Randomized 

Controlled Trial. Nutrients 12(2020). 

653. Kratzing, C. Pre-operative nutrition and 

carbohydrate loading. Proc Nutr Soc 70, 

311-315 (2011). 

654. Gillis, C. & Carli, F. Promoting 

Perioperative Metabolic and Nutritional 

Care. Anesthesiology 123, 1455-1472 

(2015). 

655. Pogatschnik, C. & Steiger, E. Review of 

Preoperative Carbohydrate Loading. 

Nutr Clin Pract 30, 660-664 (2015). 

656. Pillinger, N.L., Robson, J.L. & Kam, P. 

Nutritional prehabilitation: 

physiological basis and clinical 

evidence. Anaesth Intensive Care 46, 

453-462 (2018). 

657. Bilku, D.K., Dennison, A.R., Hall, T.C., 

Metcalfe, M.S. & Garcea, G. Role of 

preoperative carbohydrate loading: a 

systematic review. Ann R Coll Surg Engl 

96, 15-22 (2014). 

658. Zhang, Y. & Min, J. Preoperative 

Carbohydrate Loading in Gynecological 

Patients Undergoing Combined Spinal 

and Epidural Anesthesia. J Invest Surg, 

1-9 (2019). 

659. Zhang, Y. & Min, J. Preoperative 

Carbohydrate Loading in Gynecological 

Patients Undergoing Combined Spinal 

and Epidural Anesthesia. J Invest Surg 

33, 587-595 (2020). 

660. Nelson, G., et al. Guidelines for 

perioperative care in 

gynecologic/oncology: Enhanced 

Recovery After Surgery (ERAS) Society 

recommendations-2019 update. Int J 

Gynecol Cancer 29, 651-668 (2019). 

661. Lach, K. & Peterson, S.J. Nutrition 

Support for Critically Ill Patients With 

Cancer. Nutr Clin Pract 32, 578-586 

(2017). 

662. Weimann, A., et al. ESPEN guideline: 

Clinical nutrition in surgery. Clin Nutr 

36, 623-650 (2017). 

663. Kim, J.Y., et al. Diet Modification Based 

on the Enhanced Recovery After Surgery 

Program (ERAS) in Patients Undergoing 

Laparoscopic Colorectal Resection. Clin 

Nutr Res 7, 297-302 (2018). 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

124 

664. Nygren, J., et al. Guidelines for 

perioperative care in elective 

rectal/pelvic surgery: Enhanced 

Recovery After Surgery (ERAS(R)) 

Society recommendations. Clin Nutr 31, 

801-816 (2012). 

665. Muscaritoli, M., Arends, J. & Aapro, M. 

From guidelines to clinical practice: a 

roadmap for oncologists for nutrition 

therapy for cancer patients. Ther Adv 

Med Oncol 11, 1758835919880084 

(2019). 

666. Szewczuk, M., Gasiorowska, E., Matysiak, 

K. & Nowak-Markwitz, E. The role of 

artificial nutrition in gynecological 

cancer therapy. Ginekol Pol 90, 167-172 

(2019). 

667. Mehanna, H.M., Moledina, J. & Travis, J. 

Refeeding syndrome: what it is, and how 

to prevent and treat it. BMJ 336, 1495-

1498 (2008). 

668. Mitchell, A., Perry, R., England, C., Searle, 

A. & Atkinson, C. Dietary management in 

people with an ileostomy: a scoping 

review protocol. JBI Database System 

Rev Implement Rep 17, 129-136 (2019). 

669. Rivet, E.B. Ostomy Management: A 

Model of Interdisciplinary Care. Surg 

Clin North Am 99, 885-898 (2019). 

670. Arenas Villafranca, J.J., et al. Protocol for 

the detection and nutritional 

management of high-output stomas. 

Nutr J 14, 45 (2015). 

671. Kehlet, H. & Wilmore, D.W. Evidence-

based surgical care and the evolution of 

fast-track surgery. Ann Surg 248, 189-

198 (2008). 

672. Schneider, S., Armbrust, R., Spies, C., du 

Bois, A. & Sehouli, J. Prehabilitation 

programs and ERAS protocols in 

gynecological oncology: a 

comprehensive review. Arch Gynecol 

Obstet 301, 315-326 (2020). 

673. Carli, F. & Zavorsky, G.S. Optimizing 

functional exercise capacity in the 

elderly surgical population. Curr Opin 

Clin Nutr Metab Care 8, 23-32 (2005). 

674. Carli, F., Bessissow, A., Awasthi, R. & 

Liberman, S. Prehabilitation: finally 

utilizing frailty screening data. Eur J 

Surg Oncol 46, 321-325 (2020). 

675. Luther, A., Gabriel, J., Watson, R.P. & 

Francis, N.K. The Impact of Total Body 

Prehabilitation on Post-Operative 

Outcomes After Major Abdominal 

Surgery: A Systematic Review. World J 

Surg 42, 2781-2791 (2018). 

676. Li, C., et al. Impact of a trimodal 

prehabilitation program on functional 

recovery after colorectal cancer surgery: 

a pilot study. Surg Endosc 27, 1072-

1082 (2013). 

677. Gillis, C., et al. Prehabilitation versus 

rehabilitation: a randomized control 

trial in patients undergoing colorectal 

resection for cancer. Anesthesiology 

121, 937-947 (2014). 

678. Minnella, E.M., et al. Patients with poor 

baseline walking capacity are most 

likely to improve their functional status 

with multimodal prehabilitation. 

Surgery 160, 1070-1079 (2016). 

679. Bousquet-Dion, G., et al. Evaluation of 

supervised multimodal prehabilitation 

programme in cancer patients 

undergoing colorectal resection: a 

randomized control trial. Acta Oncol 57, 

849-859 (2018). 

680. Bisch, S.P., et al. Enhanced Recovery 

After Surgery (ERAS) in gynecologic 

oncology: System-wide implementation 

and audit leads to improved value and 

patient outcomes. Gynecol Oncol 151, 

117-123 (2018). 

681. Wijk, L., et al. International validation of 

Enhanced Recovery After Surgery 

Society guidelines on enhanced 

recovery for gynecologic surgery. Am J 

Obstet Gynecol 221, 237 e231-237 e211 

(2019). 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

125 

682. Elias, K.M., et al. The Reporting on ERAS 

Compliance, Outcomes, and Elements 

Research (RECOvER) Checklist: A Joint 

Statement by the ERAS((R)) and 

ERAS((R)) USA Societies. World J Surg 

43, 1-8 (2019). 

683. Muallem, M.Z., et al. Implementation of 

Enhanced Recovery After Surgery 

(ERAS) Pathways in Gynecologic 

Oncology. A NOGGO-AGO* survey of 144 

Gynecological Departments in Germany. 

Anticancer Res 36, 4227-4232 (2016). 

684. Nelson, G., et al. Guidelines for pre- and 

intra-operative care in 

gynecologic/oncology surgery: 

Enhanced Recovery After Surgery 

(ERAS(R)) Society recommendations--

Part I. Gynecol Oncol 140, 313-322 

(2016). 

685. Nelson, G., et al. Guidelines for 

postoperative care in 

gynecologic/oncology surgery: 

Enhanced Recovery After Surgery 

(ERAS(R)) Society recommendations--

Part II. Gynecol Oncol 140, 323-332 

(2016). 

686. Agarwal, R., et al. A prospective study 

evaluating the impact of implementing 

the ERAS protocol on patients 

undergoing surgery for advanced 

ovarian cancer. Int J Gynecol Cancer 29, 

605-612 (2019). 

687. Bergstrom, J.E., et al. Narcotics 

reduction, quality and safety in 

gynecologic oncology surgery in the first 

year of enhanced recovery after surgery 

protocol implementation. Gynecol Oncol 

149, 554-559 (2018). 

688. de Groot, J.J., et al. Enhanced recovery 

pathways in abdominal gynecologic 

surgery: a systematic review and meta-

analysis. Acta Obstet Gynecol Scand 95, 

382-395 (2016). 

689. Nelson, G., Ramirez, P.T., Ljungqvist, O. 

& Dowdy, S.C. Enhanced Recovery 

Program and Length of Stay After 

Laparotomy on a Gynecologic Oncology 

Service: A Randomized Controlled Trial. 

Obstet Gynecol 129, 1139 (2017). 

690. Carli, F. & Scheede-Bergdahl, C. 

Prehabilitation to enhance 

perioperative care. Anesthesiol Clin 33, 

17-33 (2015). 

691. Moran, J., et al. The ability of 

prehabilitation to influence 

postoperative outcome after intra-

abdominal operation: A systematic 

review and meta-analysis. Surgery 160, 

1189-1201 (2016). 

692. Piercy, K.L., et al. The Physical Activity 

Guidelines for Americans. JAMA 320, 

2020-2028 (2018). 

693. Kushi, L.H., et al. American Cancer 

Society Guidelines on nutrition and 

physical activity for cancer prevention: 

reducing the risk of cancer with healthy 

food choices and physical activity. CA 

Cancer J Clin 62, 30-67 (2012). 

694. Carli, F., et al. Surgical Prehabilitation in 

Patients with Cancer: State-of-the-

Science and Recommendations for 

Future Research from a Panel of Subject 

Matter Experts. Phys Med Rehabil Clin N 

Am 28, 49-64 (2017). 

695. Gupta, R. & Gan, T.J. Preoperative 

Nutrition and Prehabilitation. 

Anesthesiol Clin 34, 143-153 (2016). 

696. Ebner, F., et al. Prehabilitation in 

gynecological surgery? What do 

gynecologists know and need to know. 

Arch Gynecol Obstet 297, 27-31 (2018). 

697. Carli, F., Brown, R. & Kennepohl, S. 

Prehabilitation to enhance 

postoperative recovery for an 

octogenarian following robotic-assisted 

hysterectomy with endometrial cancer. 

Can J Anaesth 59, 779-784 (2012). 

698. Smits, A., et al. Exercise Programme in 

Endometrial Cancer; Protocol of the 

Feasibility and Acceptability 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

126 

Survivorship Trial (EPEC-FAST). BMJ 

Open 5, e009291 (2015). 

699. Soares, S.M., Nucci, L.B., da Silva, M.M. & 

Campacci, T.C. Pulmonary function and 

physical performance outcomes with 

preoperative physical therapy in upper 

abdominal surgery: a randomized 

controlled trial. Clin Rehabil 27, 616-

627 (2013). 

700. Barberan-Garcia, A., et al. Personalised 

Prehabilitation in High-risk Patients 

Undergoing Elective Major Abdominal 

Surgery: A Randomized Blinded 

Controlled Trial. Ann Surg 267, 50-56 

(2018). 

701. Kumar, A., et al. Inflammatory and 

Nutritional Serum Markers as 

Predictors of Peri-operative Morbidity 

and Survival in Ovarian Cancer. 

Anticancer Res 37, 3673-3677 (2017). 

702. Uccella, S., et al. Assessment of 

preoperative nutritional status using 

BIA-derived phase angle (PhA) in 

patients with advanced ovarian cancer: 

Correlation with the extent of 

cytoreduction and complications. 

Gynecol Oncol 149, 263-269 (2018). 

703. Aust, S., et al. Skeletal Muscle Depletion 

and Markers for Cancer Cachexia Are 

Strong Prognostic Factors in Epithelial 

Ovarian Cancer. PLoS One 10, e0140403 

(2015). 

704. Silva de Paula, N., de Aguiar Bruno, K., 

Azevedo Aredes, M. & Villaca Chaves, G. 

Sarcopenia and Skeletal Muscle Quality 

as Predictors of Postoperative 

Complication and Early Mortality in 

Gynecologic Cancer. Int J Gynecol Cancer 

28, 412-420 (2018). 

705. Ataseven, B., et al. Skeletal Muscle 

Attenuation (Sarcopenia) Predicts 

Reduced Overall Survival in Patients 

with Advanced Epithelial Ovarian 

Cancer Undergoing Primary Debulking 

Surgery. Ann Surg Oncol 25, 3372-3379 

(2018). 

706. Yim, G.W., Eoh, K.J., Kim, S.W., Nam, E.J. 

& Kim, Y.T. Malnutrition Identified by 

the Nutritional Risk Index and Poor 

Prognosis in Advanced Epithelial 

Ovarian Carcinoma. Nutr Cancer 68, 

772-779 (2016). 

707. Kondrup, J., Rasmussen, H.H., Hamberg, 

O. & Stanga, Z. Nutritional risk screening 

(NRS 2002): a new method based on an 

analysis of controlled clinical trials. Clin 

Nutr 22, 321-336 (2003). 

708. Bauer, J., Capra, S. & Ferguson, M. Use of 

the scored Patient-Generated Subjective 

Global Assessment (PG-SGA) as a 

nutrition assessment tool in patients 

with cancer. Eur J Clin Nutr 56, 779-785 

(2002). 

709. Skipper, A., Ferguson, M., Thompson, K., 

Castellanos, V.H. & Porcari, J. Nutrition 

screening tools: an analysis of the 

evidence. JPEN J Parenter Enteral Nutr 

36, 292-298 (2012). 

710. Kabata, P., et al. Preoperative nutritional 

support in cancer patients with no 

clinical signs of malnutrition--

prospective randomized controlled trial. 

Support Care Cancer 23, 365-370 

(2015). 

711. Jie, B., et al. Impact of preoperative 

nutritional support on clinical outcome 

in abdominal surgical patients at 

nutritional risk. Nutrition 28, 1022-

1027 (2012). 

712. Burden, S.T., Hill, J., Shaffer, J.L., 

Campbell, M. & Todd, C. An unblinded 

randomised controlled trial of 

preoperative oral supplements in 

colorectal cancer patients. J Hum Nutr 

Diet 24, 441-448 (2011). 

713. Gillis, C., et al. Prehabilitation with Whey 

Protein Supplementation on 

Perioperative Functional Exercise 

Capacity in Patients Undergoing 

Colorectal Resection for Cancer: A Pilot 

Double-Blinded Randomized Placebo-

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

127 

Controlled Trial. J Acad Nutr Diet 116, 

802-812 (2016). 

714. Whittle, J., Wischmeyer, P.E., Grocott, 

M.P.W. & Miller, T.E. Surgical 

Prehabilitation: Nutrition and Exercise. 

Anesthesiol Clin 36, 567-580 (2018). 

715. Gillis, C., et al. Effects of Nutritional 

Prehabilitation, With and Without 

Exercise, on Outcomes of Patients Who 

Undergo Colorectal Surgery: A 

Systematic Review and Meta-analysis. 

Gastroenterology 155, 391-410 e394 

(2018). 

716. Cruz-Jentoft, A.J., et al. Sarcopenia: 

revised European consensus on 

definition and diagnosis. Age Ageing 48, 

16-31 (2019). 

717. Cruz-Jentoft, A.J., et al. Sarcopenia: 

European consensus on definition and 

diagnosis: Report of the European 

Working Group on Sarcopenia in Older 

People. Age Ageing 39, 412-423 (2010). 

718. Rutten, I.J., et al. The influence of 

sarcopenia on survival and surgical 

complications in ovarian cancer patients 

undergoing primary debulking surgery. 

Eur J Surg Oncol 43, 717-724 (2017). 

719. Sehouli, J., et al. Effects of sarcopenia 

and malnutrition on morbidity and 

mortality in gynecologic cancer surgery: 

results of a prospective study. J Cachexia 

Sarcopenia Muscle 12, 393-402 (2021). 

720. Kumar, A., et al. Muscle composition 

measured by CT scan is a measurable 

predictor of overall survival in advanced 

ovarian cancer. Gynecol Oncol 142, 311-

316 (2016). 

721. McSharry, V., et al. The Impact of 

Sarcopenia and Low Muscle Attenuation 

on Overall Survival in Epithelial Ovarian 

Cancer: A Systematic Review and Meta-

analysis. Ann Surg Oncol 27, 3553-3564 

(2020). 

722. Ubachs, J., et al. Sarcopenia and ovarian 

cancer survival: a systematic review and 

meta-analysis. J Cachexia Sarcopenia 

Muscle 10, 1165-1174 (2019). 

723. Freeman, S.C., et al. Component network 

meta-analysis identifies the most 

effective components of psychological 

preparation for adults undergoing 

surgery under general anesthesia. J Clin 

Epidemiol 98, 105-116 (2018). 

724. Harter, P., et al. Prevalence of 

deleterious germline variants in risk 

genes including BRCA1/2 in consecutive 

ovarian cancer patients (AGO-TR-1). 

PLoS One 12, e0186043 (2017). 

725. Bakkum-Gamez, J.N., et al. Incidence of 

and risk factors for postoperative ileus 

in women undergoing primary staging 

and debulking for epithelial ovarian 

carcinoma. Gynecol Oncol 125, 614-620 

(2012). 

726. Feldheiser, A., et al. Surgery at primary 

versus relapsed epithelial ovarian 

cancer: a study on aspects of 

anaesthesiological management. 

Anticancer Res 35, 1591-1601 (2015). 

727. Lindemann, K., Kok, P.S., Stockler, M., 

Jaaback, K. & Brand, A. Enhanced 

Recovery After Surgery for Advanced 

Ovarian Cancer: A Systematic Review of 

Interventions Trialed. Int J Gynecol 

Cancer 27, 1274-1282 (2017). 

728. Sanchez-Iglesias, J.L., et al. PROFAST: A 

randomised trial implementing 

enhanced recovery after surgery for 

highcomplexity advanced ovarian 

cancer surgery. Eur J Cancer 136, 149-

158 (2020). 

729. Charoenkwan, K. & Matovinovic, E. Early 

versus delayed oral fluids and food for 

reducing complications after major 

abdominal gynaecologic surgery. 

Cochrane Database Syst Rev, CD004508 

(2014). 

730. Ertas, I.E., et al. Influence of gum 

chewing on postoperative bowel activity 

after complete staging surgery for 

gynecological malignancies: a 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

128 

randomized controlled trial. Gynecol 

Oncol 131, 118-122 (2013). 

731. Nanthiphatthanachai, A. & Insin, P. 

Effect of Chewing Gum on 

Gastrointestinal Function Recovery 

After Surgery of Gynecological Cancer 

Patients at Rajavithi Hospital: A 

Randomized Controlled Trial. Asian Pac 

J Cancer Prev 21, 761-770 (2020). 

732. de Leede, E.M., et al. Multicentre 

randomized clinical trial of the effect of 

chewing gum after abdominal surgery. 

Br J Surg 105, 820-828 (2018). 

733. Atkinson, C., et al. Randomized clinical 

trial of postoperative chewing gum 

versus standard care after colorectal 

resection. Br J Surg 103, 962-970 

(2016). 

734. Kobayashi, T., Masaki, T., Kogawa, K., 

Matsuoka, H. & Sugiyama, M. Efficacy of 

Gum Chewing on Bowel Movement After 

Open Colectomy for Left-Sided 

Colorectal Cancer: A Randomized 

Clinical Trial. Dis Colon Rectum 58, 

1058-1063 (2015). 

735. Byrne, C.M., Zahid, A., Young, J.M., 

Solomon, M.J. & Young, C.J. Gum chewing 

aids bowel function return and 

analgesic requirements after bowel 

surgery: a randomized controlled trial. 

Colorectal Dis 20, 438-448 (2018). 

736. Gungorduk, K., et al. Effects of coffee 

consumption on gut recovery after 

surgery of gynecological cancer 

patients: a randomized controlled trial. 

Am J Obstet Gynecol 216, 145 e141-145 

e147 (2017). 

737. Gungorduk, K., et al. Coffee consumption 

for recovery of intestinal function after 

laparoscopic gynecological surgery: A 

randomized controlled trial. Int J Surg 

82, 130-135 (2020). 

738. Dulskas, A., Klimovskij, M., Vitkauskiene, 

M. & Samalavicius, N.E. Effect of Coffee 

on the Length of Postoperative Ileus 

After Elective Laparoscopic Left-Sided 

Colectomy: A Randomized, Prospective 

Single-Center Study. Dis Colon Rectum 

58, 1064-1069 (2015). 

739. Momosaki, R., et al. Conclusiveness of 

Cochrane Reviews in physiotherapy: a 

systematic search and analytical review. 

Int J Rehabil Res 42, 97-105 (2019). 

740. Robinson, A., et al. The effectiveness of 

physiotherapy interventions on pain 

and quality of life in adults with 

persistent post-surgical pain compared 

to usual care: A systematic review. PLoS 

One 14, e0226227 (2019). 

741. Rice, A.D., et al. Decreasing recurrent 

bowel obstructions, improving quality 

of life with physiotherapy: Controlled 

study. World J Gastroenterol 24, 2108-

2119 (2018). 

742. Li, X.B., et al. Prevention of Venous 

Thromboembolism After Cytoreductive 

Surgery and Hyperthermic 

Intraperitoneal Chemotherapy: 

Development of a Physiotherapy 

Program. Clin Appl Thromb Hemost 25, 

1076029619890415 (2019). 

743. Makhabah, D.N., Martino, F. & 

Ambrosino, N. Peri-operative 

physiotherapy. Multidiscip Respir Med 8, 

4 (2013). 

744. Kalisch, B.J., Lee, S. & Dabney, B.W. 

Outcomes of inpatient mobilization: a 

literature review. J Clin Nurs 23, 1486-

1501 (2014). 

745. Pashikanti, L. & Von Ah, D. Impact of 

early mobilization protocol on the 

medical-surgical inpatient population: 

an integrated review of literature. Clin 

Nurse Spec 26, 87-94 (2012). 

746. Liu, B., Almaawiy, U., Moore, J.E., Chan, 

W.H. & Straus, S.E. Evaluation of a 

multisite educational intervention to 

improve mobilization of older patients 

in hospital: protocol for mobilization of 

vulnerable elders in Ontario (MOVE 

ON). Implement Sci 8, 76 (2013). 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

129 

747. Moore, J.E., et al. Mapping barriers and 

intervention activities to behaviour 

change theory for Mobilization of 

Vulnerable Elders in Ontario (MOVE 

ON), a multi-site implementation 

intervention in acute care hospitals. 

Implement Sci 9, 160 (2014). 

748. Wang, X., et al. Effectiveness of modified 

complex decongestive physiotherapy for 

preventing lower extremity 

lymphedema after radical surgery for 

cervical cancer: a randomized 

controlled trial. Int J Gynecol Cancer 30, 

757-763 (2020). 

749. Osseis, M., et al. Epidural analgesia 

combined with a comprehensive 

physiotherapy program after 

Cytoreductive Surgery and HIPEC is 

associated with enhanced post-

operative recovery and reduces 

intensive care unit stay: A retrospective 

study of 124 patients. Eur J Surg Oncol 

42, 1938-1943 (2016). 

750. Ho, Y.H., Wang, Y.C., Loh, E.W. & Tam, 

K.W. Antiseptic efficacies of waterless 

hand rub, chlorhexidine scrub, and 

povidone-iodine scrub in surgical 

settings: a meta-analysis of randomized 

controlled trials. J Hosp Infect 101, 370-

379 (2019). 

751. Boden, I., et al. Preoperative 

physiotherapy for the prevention of 

respiratory complications after upper 

abdominal surgery: pragmatic, double 

blinded, multicentre randomised 

controlled trial. BMJ 360, j5916 (2018). 

752. Boden, I., et al. Physiotherapy education 

and training prior to upper abdominal 

surgery is memorable and has high 

treatment fidelity: a nested mixed-

methods randomised-controlled study. 

Physiotherapy 104, 194-202 (2018). 

753. Stevinson, C., Campbell, A., Cavill, N. & 

Foster, J. Physical activity and cancer: a 

concise evidence review. Macmillan 

Cancer Support. (2017). 

754. Frazelle, M.L. & Friend, P.J. Optimizing 

the Teachable Moment for Health 

Promotion for Cancer Survivors and 

Their Families. J Adv Pract Oncol 7, 422-

433 (2016). 

755. Inci, M.G., et al. Frailty Index for 

prediction of surgical outcome in 

ovarian cancer: Results of a prospective 

study. Gynecol Oncol 161, 396-401 

(2021). 

756. Clegg, A., Young, J., Iliffe, S., Rikkert, M.O. 

& Rockwood, K. Frailty in elderly people. 

Lancet 381, 752-762 (2013). 

757. Huisman, M.G., Kok, M., de Bock, G.H. & 

van Leeuwen, B.L. Delivering tailored 

surgery to older cancer patients: 

Preoperative geriatric assessment 

domains and screening tools - A 

systematic review of systematic 

reviews. Eur J Surg Oncol 43, 1-14 

(2017). 

758. Wildiers, H., et al. International Society 

of Geriatric Oncology consensus on 

geriatric assessment in older patients 

with cancer. J Clin Oncol 32, 2595-2603 

(2014). 

759. Filippova, O.T., et al. Geriatric co-

management leads to safely performed 

cytoreductive surgery in older women 

with advanced stage ovarian cancer 

treated at a tertiary care cancer center. 

Gynecol Oncol 154, 77-82 (2019). 

760. Apostolo, J., et al. Predicting risk and 

outcomes for frail older adults: an 

umbrella review of frailty screening 

tools. JBI Database System Rev 

Implement Rep 15, 1154-1208 (2017). 

761. Decoster, L., et al. Relevance of Geriatric 

Assessment in Older Patients With 

Colorectal Cancer. Clin Colorectal Cancer 

16, e221-e229 (2017). 

762. Buigues, C., Juarros-Folgado, P., 

Fernandez-Garrido, J., Navarro-

Martinez, R. & Cauli, O. Frailty syndrome 

and pre-operative risk evaluation: A 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

130 

systematic review. Arch Gerontol Geriatr 

61, 309-321 (2015). 

763. Souwer, E.T.D., et al. The Prognostic 

Value of a Geriatric Risk Score for Older 

Patients with Colorectal Cancer. Ann 

Surg Oncol 26, 71-78 (2019). 

764. Ommundsen, N., et al. Preoperative 

geriatric assessment and tailored 

interventions in frail older patients with 

colorectal cancer: a randomized 

controlled trial. Colorectal Dis 20, 16-25 

(2018). 

765. Samuelsson, K.S., Egenvall, M., Klarin, I., 

Lokk, J. & Gunnarsson, U. Preoperative 

geriatric assessment and follow-up of 

patients older than 75years undergoing 

elective surgery for suspected colorectal 

cancer. J Geriatr Oncol 10, 709-715 

(2019). 

766. Chen, C.C., et al. Pre-surgical Geriatric 

Syndromes, Frailty, and Risks for 

Postoperative Delirium in Older Patients 

Undergoing Gastrointestinal Surgery: 

Prevalence and Red Flags. J Gastrointest 

Surg 19, 927-934 (2015). 

767. Choi, J.Y., et al. Prediction of 

Postoperative Complications Using 

Multidimensional Frailty Score in Older 

Female Cancer Patients with American 

Society of Anesthesiologists Physical 

Status Class 1 or 2. J Am Coll Surg 221, 

652-660 e652 (2015). 

768. Darvall, J.N., et al. Accuracy of the 

Clinical Frailty Scale for perioperative 

frailty screening: a prospective 

observational study. Can J Anaesth 67, 

694-705 (2020). 

769. Birkelbach, O., et al. Routine frailty 

assessment predicts postoperative 

complications in elderly patients across 

surgical disciplines - a retrospective 

observational study. BMC Anesthesiol 

19, 204 (2019). 

770. Inci, M.G., et al. Can Fried Frailty Score 

predict postoperative morbidity and 

mortality in gynecologic cancer surgery? 

Results of a prospective study. J Geriatr 

Oncol 12, 428-433 (2021). 

771. Shahrokni, A., et al. Development and 

Evaluation of a New Frailty Index for 

Older Surgical Patients With Cancer. 

JAMA Netw Open 2, e193545 (2019). 

772. Mehnert, A., et al. One in two cancer 

patients is significantly distressed: 

Prevalence and indicators of distress. 

Psychooncology 27, 75-82 (2018). 

773. Mitchell, A.J., et al. Prevalence of 

depression, anxiety, and adjustment 

disorder in oncological, haematological, 

and palliative-care settings: a meta-

analysis of 94 interview-based studies. 

Lancet Oncol 12, 160-174 (2011). 

774. Bultz, B.D., et al. Implementing 

screening for distress, the 6th vital sign: 

a Canadian strategy for changing 

practice. Psychooncology 20, 463-469 

(2011). 

775. Faller, H., et al. Perceived need for 

psychosocial support depending on 

emotional distress and mental 

comorbidity in men and women with 

cancer. J Psychosom Res 81, 24-30 

(2016). 

776. Ploos van Amstel, F.K., van Ham, M.A., 

Peters, E.J., Prins, J.B. & Ottevanger, P.B. 

Self-reported distress in patients with 

ovarian cancer: is it related to disease 

status? Int J Gynecol Cancer 25, 229-235 

(2015). 

777. Cassedy, H.F., et al. Frequency of 

psychological distress in gynecologic 

cancer patients seen in a large urban 

medical center. Proc (Bayl Univ Med 

Cent) 31, 161-164 (2018). 

778. Onkologie, L. S3-Leitlinie 

Psychoonkologische Diagnostik, 

Beratung und Behandlung von 

erwachsenen Krebspatienten. AWMF-

Registernummer: 032/051OL. 

https://www.awmf.org/leitlinien/detail

/ll/032-051OL.html. (2019). 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C

http://www.awmf.org/leitlinien/detail/ll/032-051OL.html
http://www.awmf.org/leitlinien/detail/ll/032-051OL.html


 

131 

779. Roland, K.B., Rodriguez, J.L., Patterson, 

J.R. & Trivers, K.F. A literature review of 

the social and psychological needs of 

ovarian cancer survivors. 

Psychooncology 22, 2408-2418 (2013). 

780. Tsimopoulou, I., et al. Psychological 

Prehabilitation Before Cancer Surgery: 

A Systematic Review. Ann Surg Oncol 22, 

4117-4123 (2015). 

781. Donovan, K.A., Grassi, L., McGinty, H.L. & 

Jacobsen, P.B. Validation of the distress 

thermometer worldwide: state of the 

science. Psychooncology 23, 241-250 

(2014). 

782. Arnaboldi, P., et al. Perceived utility of 

an integrated psychological intervention 

for gynaecological cancer patients 

admitted for surgery: preliminary data. 

Ecancermedicalscience 11, 722 (2017). 

783. Ma, X., et al. The diagnostic role of a 

short screening tool--the distress 

thermometer: a meta-analysis. Support 

Care Cancer 22, 1741-1755 (2014). 

784. Sun, H., Thapa, S., Wang, B., Fu, X. & Yu, 

S. A Systematic Review and Meta-

analysis of the Distress Thermometer 

for Screening Distress in Asian Patients 

with Cancer. J Clin Psychol Med Settings 

(2020). 

785. Snaith, R.P. The Hospital Anxiety And 

Depression Scale. Health Qual Life 

Outcomes 1, 29 (2003). 

786. Inci, M.G., et al. Patient-Reported 

Outcomes (PROs) and Health-Related 

Quality of Life (HR-QoL) in Patients with 

Ovarian Cancer: What Is Different 

Compared to Healthy Women? Cancers 

(Basel) 13(2021). 

787. Sehouli, J. The Art of Breaking Bad News 

Well, (Routledge, 2019). 

788. Hartung, T.J., Fried, E.I., Mehnert, A., 

Hinz, A. & Vehling, S. Frequency and 

network analysis of depressive 

symptoms in patients with cancer 

compared to the general population. J 

Affect Disord 256, 295-301 (2019). 

789. Lee, J., et al. Art therapy based on 

appreciation of famous paintings and its 

effect on distress among cancer 

patients. Qual Life Res 26, 707-715 

(2017). 

790. Weis, J. & Hasenburg, A. Psychological 

support. in Textbook of Gynaecological 

Oncology (ed. Ayhan, A.R., N.;  Gultekin, 

M.; Dursun, P.). 1495-1499 (2016). 

791. Bauereiß, N., Obermaier, S., Özünal, S.E. 

& Baumeister, H. Effects of existential 

interventions on spiritual, 

psychological, and physical well-being 

in adult patients with cancer: Systematic 

review and meta-analysis of 

randomized controlled trials. 

Psychooncology 27, 2531-2545 (2018). 

792. Berger, A.M., et al. Cancer-Related 

Fatigue, Version 2.2015. J Natl Compr 

Canc Netw 13, 1012-1039 (2015). 

793. Smits, A., et al. Body mass index, 

physical activity and quality of life of 

ovarian cancer survivors: time to get 

moving? Gynecol Oncol 139, 148-154 

(2015). 

794. Webber, K., et al. OVQUEST - Life after 

the diagnosis and treatment of ovarian 

cancer - An international survey of 

symptoms and concerns in ovarian 

cancer survivors. Gynecol Oncol 155, 

126-134 (2019). 

795. Sehouli, J., et al. Preoperative quality of 

life as prediction for severe 

postoperative complications in 

gynecological cancer surgery: results of 

a prospective study. Arch Gynecol Obstet 

303, 1057-1063 (2021). 

796. Hasenburg, A., et al. Psycho-oncology: 

structure and profiles of European 

centers treating patients with 

gynecological cancer. Int J Gynecol 

Cancer 21, 1520-1524 (2011). 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C



 

132 

797. Mayer, S., et al. Sexual activity and 

quality of life in patients after treatment 

for breast and ovarian cancer. Arch 

Gynecol Obstet 299, 191-201 (2019). 

798. Rolf, C., et al. Assessment of sexuality in 

longterm survivors with ovarian cancer. 

Geburtshilfe Frauenheilkd 78, 190 

(2018). 

799. Pilger, A., et al. Quality of life and 

sexuality of patients after treatment for 

gynaecological malignancies: results of a 

prospective study in 55 patients. 

Anticancer Res 32, 5045-5049 (2012). 

800. Survivorship. An ESMO-ECPC guide for 

patients in collaboration with IPOS. 

Available from: 

https://www.esmo.org/for-

patients/patient-guides/survivorship 

(December 11 2020, date last accessed). 

(2017). 

801. Johnston, L., Young, J. & Campbell, K. The 

implementation and impact of Holistic 

Needs Assessments for people affected 

by cancer: A systematic review and 

thematic synthesis of the literature. Eur 

J Cancer Care (Engl) 28, e13087 (2019). 

802. Shapiro, C.L. Cancer Survivorship. N 

Engl J Med 379, 2438-2450 (2018). 

803. Hewitt, M., Rowland, J.H. & Yancik, R. 

Cancer survivors in the United States: 

age, health, and disability. J Gerontol A 

Biol Sci Med Sci 58, 82-91 (2003). 

804. Woopen, H., et al. Fatigue in long-term 

survivors with ovarian cancer: Results 

of Expression VI - Carolin meets HANNA 

- Holistic analysis of Long-term survival 

with ovarian cancer-The international 

NOGGO, ENGOT and GCIG survey 

[Abstract 12065]. J Clin Oncol 38(2020). 

805. Banerjee, S. Maintenance olaparib for 

patients (pts) with newly diagnosed, 

advanced ovarian cancer (OC) and a 

BRCA mutation (BRCAm): 5-year (y) 

follow-up (f/u) from SOLO1. Ann oncol 

31, S551-S589 (2020). 

806. Du Bois, A., Sehouli, J., Vergote, I. & 

Ferron, G. Randomized phase III study 

to evaluate the impact of secondary 

cytoreductive surgery in recurrent 

ovarian cancer: Final analysis of AGO 

DESKTOP III/ENGOT-ov20. J Clin Oncol 

38, 6000 (2020). 

807. Lee, J.S., et al. Increased risk of second 

malignant neoplasms in adolescents and 

young adults with cancer. Cancer 122, 

116-123 (2016). 

808. Foster, C. & Fenlon, D. Recovery and 

self-management support following 

primary cancer treatment. Br J Cancer 

105 Suppl 1, S21-28 (2011). 

809. Beckjord, E.B., et al. Health-related 

information needs in a large and diverse 

sample of adult cancer survivors: 

implications for cancer care. J Cancer 

Surviv 2, 179-189 (2008). 

810. Signorelli, C., et al. The impact of long-

term follow-up care for childhood 

cancer survivors: A systematic review. 

Crit Rev Oncol Hematol 114, 131-138 

(2017). 

811. Lindell, R.B., et al. Knowledge of 

diagnosis, treatment history, and risk of 

late effects among childhood cancer 

survivors and parents: The impact of a 

survivorship clinic. Pediatr Blood Cancer 

62, 1444-1451 (2015). 

 

 

 

  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Int J Gynecol Cancer

 doi: 10.1136/ijgc-2021-002951–1206.:1199 31 2021;Int J Gynecol Cancer, et al. Fotopoulou C

http://www.esmo.org/for-patients/patient-guides/survivorship
http://www.esmo.org/for-patients/patient-guides/survivorship


 

133 
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27.2 Appendix 2 - Identification of scientific evidence 
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niraparib, non-steroidal anti-inflammatory drugs, normovolemic hemodilution, nutrition, nutritional assessment, nutritional 
care, nutritional intervention, nutritional screening tool, nutritional status, olaparib, oncologic outcome, operating table, oral 
antibiotic, oral nutritional supplement, ovarian carcinoma, ovarian cancer, oxidized cellulose-based haemostatic agent, pain, pain 
management, pain medication, pain score, pancreas, pancreatic fistula, pancreatic tail, parastomal hernia, parenteral nutrition, 
paracentesis, patient coaching, patient education, patient positioning, pelvic packing, pembrolizumab, penicillin, peri-firing 
compression, perioperative antibiotic prophylaxis, perioperative care, perioperative counseling, perioperative management, 
perioperative nutritional support, perioperative thromboprophylaxis, permanent inferior vena cava filter, permanent 
neurological injury, peripheral nerve injury, pharmacologic therapy, physical exercise, physical symptom, physiotherapy, 
piperacillin-tazobactam, pleura drains, pleura effusion, pneumococcal conjugate vaccine, pneumococcal polysaccharide vaccine, 
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retraction, suturing, targeted agents, synthetic agent, telerehabilitation, tetracycline, thromboembolic events, 
thromboprophylaxis, timing of surgery, titrating fluids, thoracic epidural analgesia, tranexamic acid, tranexamic administration, 
transcatheter embolization, transferrine saturation, transversus abdominis plane block, Trendelenburg position, 
ultrasonography, ultrasonography technique, ultrasound, upper abdominal complications, upper abdominal pain, ureteric 
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Study design Priority was given to high-quality systematic reviews and meta-analyses but lower levels of evidence were also evaluated. The 
search strategy excluded editorials, letters, case reports and in vitro studies 
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27.3 Appendix 3 - List of the 117 international reviewers 
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oncologist (United States of America) ; Ulrich Canzler, gynecologic oncologist (Germany) ; Vlad Catalin, 
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Gaetano Draisci, anaesthetist (Italy) ; Osnat Elyashiv, gynecologic oncologist (United Kingdom) ; Nicole 

Erickson, nutritionist (Germany) ; Henrik Falconer, gynecologic oncologist (Sweden) ; Aarne 

Feldheiser, anaesthetist (Germany) ; Annamaria Ferrero, gynecologic oncologist (Italy) ; Anne Floquet, 

medical oncologist (France) ; Jose Fonseca-Moutinho, gynecologic oncologist (Portugal) ; Dirk Michael 

Forner, gynecologic oncologist (Germany) ; Prafull Ghatage, gynecologic oncologist (Canada) ; Ronny 

Goethals, gynecologic oncologist (Belgium) ; Mikel Gorostidi, gynecologic oncologist (Spain) ; Dan 

Grisaru, gynecologic oncologist (Israel) ; Murat Gultekin, gynecologic oncologist (Turkey) ; Frédéric 

Guyon, gynecologic oncologist (France) ; Bjorn Hagen, gynecologic oncologist (Norway) ; Philipp 

Harter, gynecologic oncologist (Germany) ; Erik Hartmann, anaesthetist (Germany) ; Florian Heitz, 

gynecologic oncologist (Germany) ; William Helm, gynecologic oncologist (United Kingdom) ; Gines 

Hernandez-Cortes, obstetrician & gynecologist (Spain) ; Barbara Hucs, patient (Hungary) ; Ahmet 

Iyibozkurt, gynecologic oncologist (Turkey) ; Ibon Jaunarena, gynecologic oncologist (Spain) ; Päivi 

Kannisto, gynecologic oncologist (Sweden) ; Dionyssios Katsaros, gynecologic oncologist (Italy) ; Vesna 

Kesic, gynecologic oncologist (Serbia) ; Ruth Kilcawley, nutritionist (United Kingdom) ; Katalin Koblos, 

anaesthetist (Hungary) ; Jacob Korach, gynecologic oncologist (Israel) ; Paul Kubelac, gynecologic 

oncologist (Romania) ; Kersti Kukk, gynecologic oncologist (Estonia) ; Bjoern Lampe, gynecologic 

oncologist (Germany) ; Kimseng Law, gynecologic oncologist (Taiwan) ; Fabrice Lecuru, gynecologic 

oncologist (France) ; Birthe Lemley, patient (Denmark) ; Christianne Lok, gynecologic oncologist (The 

Netherlands) ; Domenica Lorusso, gynecologic oncologist (Italy) ; Anamaria Luca, anaesthetist 

(Romania) ; Nicola Mac Donald, gynecologic oncologist (United Kingdom) ; Tiziano Maggino, 

gynecologic oncologist (Italy) ; Susanne Malander, gynecologic oncologist (Sweden) ; Gemma Mancebo, 

gynecologic oncologist (Spain) ; Fabio Martinelli, gynecologic oncologist (Italy) ; Sara Martinez, patient 

(Spain) ; Mehmet Mutlu Meydanli, gynecologic oncologist (Turkey) ; Lucas Minig, gynecologic 

oncologist (Spain) ; Milena Mitrovic, obstetrician & gynecologist (Serbia) ; Milos Mlyncek, gynecologic 

oncologist (Slovakia) ; Berit Jul Mosgaard, gynecologic oncologist (Denmark) ; Francesco Multinu, 

gynecologic oncologist (Italy) ; Jamie Murphy, colorectal surgeon (United Kingdom) ; Eva Myriokefalitaki, 

gynecologic oncologist (United Kingdom) ; Shibani Nicum, medical oncologist (United Kingdom) ; Ernst 

Oberlechner, gynecologic oncologist (Germany) ; Felipe Ojeda, gynecologic oncologist (Spain) ; Adeola 

Olaitan, gynecologic oncologist (United Kingdom) ; Cristina Olivieri, anaesthetist (Italy) ; Peter Oppelt, 

obstetrician & gynecologist (Austria) ; Gitte Ortoft, gynecologic oncologist (Denmark) ; Maja Pakiz, 

gynecologic oncologist (Slovenia) ; Patricia Pautier, medical oncologist (France) ; Fedro Peccatori, 

gynecologic oncologist (Italy) ; Jacobus Pfisterer, gynecologic oncologist (Germany) ; Jurgen Piek, 

gynecologic oncologist (The Netherlands) ; Klaus Pietzner, gynecologic oncologist (Germany) ; Felicity 

Plaat, anaesthetist (United Kingdom) ; Karl Podratz, gynecologic oncologist (United States of America) ; 

Denis Querleu, gynecologic oncologist (France) ; Friederike Rawert, obstetrician & gynecologist  

(Germany) ; Isabelle Ray-Coquard, medical oncologist (France) ; Nicholas Reed, clinical oncologist 

(United Kingdom) ; Alexander Reinthaller, obstetrician & gynecologist (Austria) ; Alexandros 

Rodolakis, gynecologic oncologist (Greece) ; Stuart Rundle, gynecologic oncologist (United Kingdom) ; 

Henk Schreuder, gynecologic oncologist (The Netherlands) ; Bernadette Adele Sewell, patient (United 
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Kingdom) ; Clare Shaw, nutritionist (United Kingdom) ; Tayup Simsek, gynecologic oncologist (Turkey) ; 

Spela Smrkolj, gynecologic oncologist (Slovenia) ; Linda Snoep, patient (The Netherlands) ; Erik 

Soegaard-Andersen, gynecologic oncologist (Denmark) ; Artem Stepanyan, gynecologic oncologist 

(Armenia) ; Eva-Maria Strömsholm, patient (Finland) ; Sudha Sundar, gynecologic oncologist (United 

Kingdom) ; Monica Terenziani, pediatric oncology (Italy) ; Kassiani Theodoraki, anaesthetist (Greece) ; 

Dimitros Tsolakidis, obstetrician & gynecologist (Greece) ; Jacobus van der Velden, gynecologic 

oncologist (The Netherlands) ; Ignace Vergote, gynecologic oncologist (Belgium) ; René Verheijen, 

gynecologic oncologist (France) ; Claire Verschraegen, medical oncologist (United States of America) ; 

Calogero Virgone, paediatric surgeon (Italy) ; Pauline Wimberger, gynecologic oncologist (Germany) ; 

Vanna Zanagnolo, gynecologic oncologist (Italy) ; Oliver Zivanovic, gynecologic oncologist (United 

States of America) ; Paolo Zola, gynecologic oncologist (Italy). 
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