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PRECIS: For preoperative risk assessment in gynecologic cancers, a simple and practical scoring model is recommendable. Moreover, the addition of metoprolol 

use and upper abdominal surgery improve the accuracy of these programs.

Öz
Amaç: Cerrahi risk değerlendirilmesi, cerrahi işlem sırasında ve sonrasında morbidite ve mortalite açısından önem taşımaktadır. Risk değerlendirmeleriyle cerrahi 
tedavinin etkinliği ve güvenliği belirlenerek, gerektiğinde risk azaltıcı prosedürler uygulanabilir (örneğin beta bloker kullanımı).
Günümüzde kullanılan bazı risk değerlendirme sistemleri bulunsa da jinekolojik kanser hastalarında kabul edilmiş bir sistem bulunmamaktadır. Bu çalışmanın amacı 
jinekolojik onkoloji hastalarında kolay uygulanacak risk değerlendirme modeli ile cerrahi riskini değerlendirerek, ön görülen riskler için risk azaltıcı yöntemlerin 
uygulanmasını sağlamaktır.
Gereç ve Yöntemler: Jinekolojik kanser tanısı alan 258 hasta retrospektif olarak analiz edildi. Yaş, hastalığın tipi ve evresi, karsinoma antijen 125 seviyesi, asit 
varlığı, albümin düzeyi, cerrahi prosedür ve süresi, hastanede yatış süresi ve komplikasyonlar kaydedildi. Hastaların özgeçmişinde; performans ölçeği, metoprolol 
kullanımı, diabetes mellitus, kalp, böbrek ve Kronik Obstrüktif Akciğer hastalıkları değerlendirildi. 
Bulgular: Toplam 258 hastadan 173 (%67,1) hastada hiçbir komplikasyon bulunmazken, 43 (%16,7) hastada yalnızca bir komplikasyon ve 42 (%16,3) hastada 
≥2 komplikasyon saptandı. En yaygın komplikasyon-baz dengesizliği (%14) ve ikinci sırada idrar yolları enfeksiyonu izlendi.
Hastanın performans durumunun, asit varlığının, operasyon süresinin ve metoprolol kullanımının komplikasyon gelişmesi ile ilişkili olduğu saptandı. Çalışmada 
kullanılan 0-23 puan aralığına sahip skorlama modelinde, skorun 5’in üzerinde olması artmış komplikasyon sayısı ve komplikasyon gelişme riski açısından anlamlı 
bulunmuştur.
Sonuç: Jinekolojik kanser hastalarının preoperatif risk değerlendirmesine, metoprolol kullanılıp kullanılmadığının ve üst batın cerrahisinin planlanıp 
planlanmadığının eklenmesi, komplikasyon gelişme ve sayısını tahmin etmede yarar sağlamaktadır. Bunlara ek olarak çalışmada kolay uygulanabilecek bir skorlama 
modeli önerilmektedir.
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Abstract
Objective: Preoperative surgical risk assessment is important in terms of postoperative morbidity and mortality. Therefore, it is necessary to evaluate the efficacy 
and safety of these surgeries via an ideal risk assessment model, and reduce risks via applying some findings (for instance, perioperative beta-blockers). There are 
some risk assessment systems, but these have generally not been verified for patients with gynecologic cancer. The aim of this study was to assess the risk of surgery 
for gynecological oncologic patients and suggest an easy risk assessment model and risk reduction by applying our findings.
Materials and Methods: We retrospectively analyzed 258 gynecologic patients with cancer. Age, diagnosis, staging, performance scale, metoprolol use, heart, renal 
diabetes, Chronic Obstructive Pulmonary disease, diabetes, operation type and length, carcinoma antigen 125, ascites, albumin, surgical procedure, hospitalization 
length, and complications were recorded.
Results: Of the 258 patients, 173 patients (67.1%) had no complications, 43 patients (16.7%) had one and 42 patients (16.3%) had two or more complications. 
The most common complication was the acid-base imbalance (14%), followed by urinary tract infection (9.7%). Parameters associated with complications were 
performance status, ascites, operating length, metoprolol use, and upper abdominal surgery. In our proposed scoring model with a total score range 0-23, cut-off 
value points for both the presence and rate of complications was found as >5.
Conclusion: In gynecological patients with cancer, the addition of metoprolol use and upper abdominal surgery within preoperative risk assessment evaluation 
parameters are significantly effective in predicting the rate and severity of complications. Moreover, we have suggested a simple, practical, and convenient scoring 
model for this evaluation.
Keywords: Gynecological oncology, metoprolol, upper abdominal surgery, surgical risk assessment
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Introduction

In 2016, approximately 105.000 new cases of gynecologic 
malignancies were estimated in the United States of America(1). 
Two-thirds of these cases will undergo surgery(2). Usually, 
complete tumor resection is a goal, and these surgeries may be 
expanded as upper abdominal surgery such as diaphragmatic 
peritoneal resection, splenectomy, and segmental liver 
resection according to the patients’ condition and diagnosis(3). 
It is necessary to evaluate the efficacy and safety of these 
surgeries because of the association between extensive surgical 
procedures and postoperative morbidity and mortality(4). 
Furthermore, the initiation of postoperative chemotherapy 
may lag due to these complications(4). For example, extensive 
debulking ovarian cancer surgery to no gross residual tumor 
may be accompanied by major complications in about 50% 
of these patients, especially in older patients, the risks of 
mortality and morbidity are greater(5). There are some risk 
assessment systems for surgical risk assessment; however, 
generally, the predictive value of these systems has not been 
verified for patients with gynecologic cancer(6,7). Therefore, 
a risk scoring model study was performed to predict major 
complications in patients with ovarian cancer who underwent 
laparoscopic interventions before primary debulking surgery. 
In the validation population, observed risk and predicted risks 
were 16.7% and 17.8%, respectively. The major contribution 
of this study was to provide a preoperative tool to predict 
outcomes(5). An ideal risk assessment model would be simple, 
reproducible, authentic and correct, objective, and accessible 
to all patients, and especially able to perform personalized 
assessments of patients according to the use of patient-
specific characteristics(5,8). Furthermore, ideally, it should be 
low-cost and feasible to perform at the bedside(8). Thus, as 
physicians, our endeavor is to perform a simple and practical 
risk assessment to prevent complications and assure decreased 
peri-operative healthcare costs and postoperative morbidity 
and mortality. Notably, when compared with other elections, 
conservative treatment or neoadjuvant chemotherapy can be 
performed instead of upfront surgical treatment(5,9). Several 
studies have shown that the use of perioperative beta-blockers 
(metoprolol was shown as more suitable), reduces mortality in 
both cardiologically high and low-risk operations(10-13). The aim 
of this study was to assess the risk of surgery for gynecological 
oncologic patients and to suggest an easy risk assessment model 
that was feasible to perform at the bedside, and reduce risk of 
postoperative complications by applying our data and findings. 

Materials and Methods

Study design 

We retrospectively analyzed 258 patients with gynecologic 
cancer who underwent surgery between 2008 and 2017, and 
whose complete data were available. In our center, Eastern 
Cooperative Oncology Group (ECOG) performance status (PS) 

score findings and presence of systemic diseases are routinely 
determined and noted in patient files during the hospitalization 
of the patients. Additionally, we measure electrolytes and draw 
blood gases for all patients before and after surgery; we analyzed 
these data.

Study variables

The evaluated parameters were stage of primary disease 
according to the International Federation of Gynecology and 
Obstetrics (FIGO) (stage 1-2: non-disseminated, stage 3-4: 
disseminated), age (<65 or ≥65 years),(14) PS scale (ECOG),(15) 

carcinoma antigen 125 (CA-125) (<500, 500-1000, >1000 IU/
dL), amount of ascites (<500, 500-1000, >1000 mL), diabetes 
(no, <10 years, >10 years,) according to a few studies about 
duration-related diabetes morbidity,(16,17) Chronic Obstructive 
Pulmonary disease (COPD), heart disease (arrhythmia, heart 
failure), renal disease (renal failure, others), preoperative 
albumin (<3 or >3 g/dL),(7) surgical procedures including major 
pelvic surgery,(18) and upper abdominal surgery,(3) the total 
surgical time(2) (<4 or ≥4 hours), metoprolol use,(10,13) operation 
intent (primary, recurrent), and the length of hospital stay (Table 
1). We categorized these parameters as the above-mentioned 
references(2,3,10-18). Complications were electrolyte imbalance 
(hypernatremia, hyponatremia, hypokalemia hyperkalemia, 
hypocalcemia, hypercalcemia, hypermagnesemia, 
hypomagnesemia), acid-base imbalance, pneumonia, venous 
thromboembolism, death, surgical site infection, renal failure, 
postoperative transfusion, and urinary tract infection (UTI) 
(Table 2). Diagnosis was made histopathologically. The patient 

Table 1. Scoring parameters and model

Scoring parameters 0 points 1 point 2 points

Stage Early Advanced

Age <65 ≥65

ECOG 0-1 2 3-4

CA-125 <500 500-1000 >1000

Ascites <500 500-1000 >1000

Diabetes No <10 years >10 years

COPD No Yes

Heart disease No Arrhythmia Failure

Renal disease No The others Failure

Albumin ≥3 <3

Upper abdominal 
surgery

No Yes

Major pelvic surgery No Yes

Total surgical time <4 hours ≥4 hours

Metoprolol use Yes No

CA-125: Carcinoma antigen 125, ECOG: Eastern Cooperative Oncology Group, COPD: 
Chronic Obstructive Pulmonary Disease
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who underwent the first surgery was recorded as primary and 
the others were as recurrent. We recorded scoring system 
parameters using specific criteria. The stage was determined 
according to the FIGO criteria. PS was recorded according to 
the ECOG score, which is classified from 0 to 4. Patents who 
are ECOG 0 have no limitations, ECOG 1 has mild limitation 
in exhausting activity, ECOG 2 is partially dependent, and 
ECOG 3 is capable of limited self-care. Patients wo are ECOG 4 
cannot resume self-care without continuous support(15). Upper 
abdominal surgery includes diaphragmatic peritoneal resection, 
splenectomy, pancreatectomy, gastrectomy, segmental liver 
resection, and biliary surgery. Major pelvic surgery encompasses 
radical hysterectomy, pelvic lymph node dissection, pelvic 
exenteration, and debulking surgery(3,18). In our center, within 
a certain time period, based on previous studies,(10-13) 8.5% of 
patients received metoprolol two days prior to surgery and 
continued one week after surgery. Postoperative complications 
including acid-base imbalance, electrolyte imbalance, 
pneumonia, surgical site infection, and renal failure were 
defined and recorded according to the Common Terminology 
Criteria for Adverse Events(19). Additionally, we recorded the 
presence of complications, number of complications, and 
total score. The study was approved by the Süleyman Demirel 
University Local Ethics Committee (approval number: 164, 
date: 28.09.2016). Additionally, consent forms were routinely 
completed by patients at the time of hospitalization.

Statistical Analysis

Statistical analyses were performed using the Medcalc Software 
(version 16.8). Forward regression analysis was used to identify 
the predictive scoring parameters. P values of 0.05 or less were 
regarded as statistically significant. We used multiple regression 
analysis to predict the number of complications, presence of 
complications, and length of hospital stay. We assessed the area 
under the curves (AUC) of the receiver operating characteristic 
(ROC) curve for predicting models of risk scoring. To assess the 
optimal cut-off point, Youden’s index (sensitivity + specificity-1) 
was used.

Results

The mean age of the entire population was 58.8±10.9 years, 
where 77 patients (29.8%) were aged ≥65 years. The median 
total surgical time was 4 (range, 0.5-13) hours. The number of 
patients who underwent surgery for primary disease was 214 
(82.9%) and for the recurrent disease it was 44 (17.1%). The 
majority of the patients were early stage (61.2%). In our study, 
157 patients (60.9%), 85 patients (32.9%) and 16 patients 
(6.2%) underwent surgery for uterine cancer, ovarian cancer, 
and cervical cancer, respectively. We follow up the patients 
according to enhanced recovery after surgery protocols(20,21) and 
the median length of hospital stay was 9 (range, 1-65) days. Our 
center is a reference center and accepts complicated patients; for 
instance, 201 patients (77.9%) underwent major pelvic surgery, 

so the median length of hospital stay was found as 9 days. When 
PS was evaluated, there were 183 patients (70.9%) with ECOG 
PS <2, 43 patients (16.7%) with an ECOG PS of 2, and 32 
patients (12.4%) with ECOG PS ≥3 (the majority of them were 
under ECOG 2). In the analysis of complications, the majority of 
patients (173 patients, 67.1%) had no complications, 43 patients 
(16.7%) had one complication, and 42 patients (16.3%) had 
≥2 complications. The most common complication was acid-
base imbalance (14%), followed by UTI (9.7%) (Table 2). In 
multiple regression analysis, ECOG (p=0.02), ascites (p<0.01), 
total surgical time (p<0.0001), metoprolol use (p<0.0001), 
and upper abdominal surgery (p<0.0001) were found to be 
significantly effective for predicting complications (Table 3). 
ECOG score (p<0.001), presence of ascites (p<0.01), diabetes 
(p<0.01), major pelvic surgery (p<0.04), total surgical time 
(p<0.0004), metoprolol use (p<0.001), and upper abdominal 
surgery (p<0.001) were also found to be significantly correlated 
with the number of complications (Table 4). We assessed the 
performance of the scoring system using the ROC curve for 
estimating the presence of complications (Figure 1A). Finally, 
we evaluated the estimated count of complications (>1) using 
the ROC curve according to the scoring system (Figure 1B). 
In our scoring model, the total score range was between 0-23. 

Table 2. Complications and their distributions

Complication Rate

Electrolyte imbalance 5%

Acid-base imbalance 14%

Pneumonia 1.6%

VTE 3.9%

Death 2.3%

Surgical site infection 5.4%

Renal failure 8.9%

Postoperative transfusion 8.9%

UTI 9.7%

UTI: Urinary tract infection, VTE: Venous thromboembolism

Table 3. Multiple regression analysis results for the correlation 
between parameters and presence of complication (parameters with 
p<0.05 were included)

Efficient parameters p r partial Coefficient

ECOG 0.02 0.14 0.09

Ascites 0.01 0.16 0.13

Length of total operation time 0.0001 0.24 0.23

Metoprolol using 0.0001 -0.23 -0.38

Upper abdominal surgery 0.0001 -0.22 -0.13

ECOG: Eastern Cooperative Oncology Group
For multiple regression analysis, p=0.001
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For the presence of complications, the AUC was found as 0.60 
with 95% confidence interval (CI) 0.54-0.66 and the Youden’s 
index was 0.18; the cut-off value in the model was >5, p=0.005. 
For the complications count, the AUC was found as 0.70 with 
95% CI 0.64-0.75, and the Youden’s index was 0.35; the cut-off 
value in the model was >5, p<0.001. 

Discussion

Main findings

Our study demonstrates that preoperative metoprolol use 
decreases and upper abdominal surgery increases the risk 
and number of postoperative complications in gynecological 

cancers. Additionally, other parameters that showed an 
association with postoperative complications and significance 
in our scoring system were the stage of the disease, ECOG, 
ascites, major pelvic surgery, total surgical time, and diabetes. 

Results of the study in the context of other observations 

Similar to previous studies, the most common type of 
gynecologic cancer was uterine cancer, followed by ovarian 
and cervical cancer in this study(1). In gynecologic cancers, 
prediction of postoperative complications is important because 
the incidence of these diseases is progressively increasing(2,4). 
As a consequence, postoperative morbidity, mortality, and 
healthcare costs can be reduced through the prevention of 
postoperative complications. Previous studies have depicted 
that several parameters such as age, advanced stage, poor 
performance, ascites ≥1000, hypoalbuminemia, extended 
surgical time, and extensive surgery were associated with 
a higher risk of postoperative complications(4-6,22-27). There 
are several studies about surgical risk assessment. Although 
some studies have been evaluated for gynecological cancers,(2) 
generally they are non-specific in terms of gynecologic cancers 
or validated only for ovarian cancer(25-29). On the other hand, 
several studies have shown that peri-operative beta-blockers 
use (metoprolol being more suitable and beneficial) was 
associated with reduced mortality among patients with high 
and low cardiac risk(10-13). In our study, we evaluated the effect 
of metoprolol use on postoperative mortality and morbidity 
and it was significantly correlated with the prediction of 
complications (p<0.0001). Some studies investigated the role 
of extended surgery on postoperative mortality and morbidity. 
Patankar et al.(26) reported that extended cytoreductive 
procedures were the strongest risk factor for complications in 
ovarian cancers. Conversely, Phillips et al.(27) found that the 
number of surgical procedures was significantly correlated 
with an increased risk of major morbidity, and was a better 
predictor of major postoperative morbidity than the high-
risk performance alone. Also, in the prediction of major 
complications, they found that ultra-radical surgery was 
less useful than any solitary gastrointestinal resection. They 
identified standard surgery as “total abdominal hysterectomy, 
bilateral salpingo-oophorectomy, omentectomy, pelvic and/
or para-aortic lymphadenectomy, and bowel surgery outside 
the definition of ‘ultra-radical’ (localized colonic resection, 
non-multiple bowel resection)” and ultra-radical surgery 
as “diaphragmatic stripping, extensive peritoneal stripping, 
multiple resections of the bowel (excluding localized colonic 
resection), liver resection, partial gastrectomy, cholecystectomy, 
splenectomy”(27). In this study, upper abdominal surgery was 
found as a risk factor for postoperative complications. Other 
parameters that showed significance in our scoring system were 
the stage, ECOG, ascites, major pelvic surgery, total surgical 
time, and diabetes. Preoperative albumin levels, CA-125 levels, 
COPD, and heart and renal disease were parameters that were 
assessed in prior studies(4,6,7). These parameters have been found 

Table 4. Multiple regression analysis results for the correlation 
between parameters and count of complications (parameters with 
p<0.05 were included)

Efficient parameters p value r partial coefficient

ECOG 0.001 0.20 0..20

Ascites 0.01 0.15 0.20

Diabetes 0.01 0.14 0.18

Major pelvic surgery 0.04 0.12 0.11

Total surgical time 0.0004 0.22 0.33

Metoprolol use 0.001 -0.20 -0.51

Upper abdominal surgery 0.001 -0.20 -0.19

ECOG: Eastern Cooperative Oncology Group
For multiple regression analysis, p=0.001

Figure 1. Performance assessment of the scoring system to predict 
the complications using the receiver operating characteristic 
curve. A) For the presence of complications, the area under curve 
(AUC) was found as 0.60 (thick and quadratic curve) with 95% 
confidence interval (CI) 0.54-0.66 (dotted curves for lower and 
upper bound of 95% CI). Youden’s index was 0.18 (cut-off value 
for the count of points in the model >5), p=0.005, B) For the count 
of complication, the AUC was found as 0.70 (thick and quadratic 
curve) with 95% CI: 0.64-0.75 (dotted curves for lower and upper 
bound of 95% CI). Youden’s index was 0.35 (cut-off value for the 
count of points in the model >5), p<0.0001
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to be correlated significantly with postoperative complications. 
According to a study designed by Ataseven et al.(23) preoperative 
hypoalbuminemia had been found as an independent 
predictive parameter for severe postoperative complications 
in epithelial ovarian cancer. Conversely, in our study, no 
significant correlation was found between hypoalbuminemia 
and postoperative complications in gynecologic cancers. CA-
125 levels had no significant correlation with postoperative 
complications, which was probably influenced by our study 
design with the inclusion of all gynecologic cancers. Also, there 
were not many patients with COPD, renal disease, and heart 
disease in the study population, and thus these parameters were 
not found eligible for predicting complications. In our study, 
after estimating the risk assessment with ROC analysis, we found 
the AUC as 0.60 for the presence of complications and 0.70 for 
the number of complications, respectively. We have arranged 
a simple, practical and convenient model for preoperative risk 
assessment in patients with gynecological cancer.

Study Limitations

The main strength of this study is the recommendation of a 
simple, practical, and convenient scoring model for preoperative 
risk assessment in patients with gynecologic cancer, also the 
addition of metoprolol use and upper abdominal surgery to 
preoperative risk assessment parameters.
Our study covered all gynecologic cancers and this is the main 
limitation of this study, Thus, to develop more effective scoring 
systems, further studies with specific patients and diagnostic 
groups are needed.

Preclinical/clinical implications

In this research study we investigated if any preclinical/clinical 
implications would forebode postoperative complications. As a 
result, the evaluation and prediction of metoprolol use, upper 
abdominal surgery, stage of disease, ECOG, ascites, major 
pelvic surgery, total surgical time, and diabetes status were 
found as effective parameters; thus, preoperative improvement 
of these parameters could be beneficial in terms of reducing 
postoperative complications in gynecologic cancers. 

Conclusion 

Several studies have shown that the use of perioperative 
metoprolol reduces mortality and morbidity in patients with 
both high and low cardiac risk. We added metoprolol use 
and upper abdominal surgery into the parameters of the 
evaluation system and as a result, metoprolol use decreased 
and upper abdominal surgery increased the risk and number 
of complications in gynecological cancers; therefore, these two 
parameters can also be used for predicting risk in patients with 
gynecologic cancer. Moreover, we have suggested a simple, 
practical and convenient scoring model for preoperative risk 
assessment in patients with gynecologic cancer.

Ethics

Ethics Committee Approval: The study was approved by the 
Süleyman Demirel University Local Ethics Committee (approval 
number: 164, date: 28.09.2016).
Informed Consent: Consent form routinely has filled out by 
patients at the hospitalization time.
Peer-review: External and internal peer-reviewed.

Authorship Contributions

Surgical and Medical Practices: E.E., Concept: E.E., Ç.B., 
Design: E.E., Ç.B., Data Collection or Processing: Ç.B., M.G., 
Analysis or Interpretation: E.E., J.R., S.C.İ., Literature Search: 
E.E., Ç.B., J.R., Writing: E.E., J.R., S.C.İ.
Declaration of Interest: No conflict of interest was declared 
by the authors.
Financial Disclosure: The authors declared that this study 
received no financial support.

References

1.	 Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA Cancer J 
Clin 2016;66:7-30.

2.	 Uppal S, Igwe E, Rice LW, Spencer RJ, Rose SL. Frailty index 
predicts severe complications in gynecologic oncology patients. 
Gynecol Oncol 2015;137:98-101.

3.	 Benedetti Panici P, Di Donato V, Fischetti M, Casorelli A, 
Perniola G, Musella A, et al. Predictors of postoperative morbidity 
after cytoreduction for advanced ovarian cancer: Analysis and 
management of complications in upper abdominal surgery. Gynecol 
Oncol 2015;137:406-11. 

4.	 Vizzielli G, Costantini B, Tortorella L, Pitruzzella I, Gallotta V, 
Fanfani F, et al. A laparoscopic risk-adjusted model to predict major 
complications after primary debulking surgery in ovarian cancer: A 
single-institution assessment. Gynecol Oncol 2016;142:19-24.

5.	 Barber EL, Rutstein S, Miller WC, Gehrig PA. A preoperative 
personalized risk assessment calculator for elderly ovarian cancer 
patients undergoing primary cytoreductive surgery. Gynecol Oncol 
2015;139:401-6.

6.	 Szender JB, Frederick PJ, Eng KH, Akers SN, Lele SB, Odunsi K.  
Evaluation of the National Surgical Quality Improvement Program 
Universal Surgical Risk Calculator for a gynecologic oncology 
service. Int J Gynecol Cancer 2015;25:512-20.

7.	 Uppal S, Al-Niaimi A, Rice LW, Rose SL, Kushner DM, Spencer RJ, 
et al. Preoperative hypoalbuminemia is an independent predictor of 
poor perioperative outcomes in women undergoing open surgery 
for gynecologic malignancies. Gynecol Oncol 2013;131:416-22.

8.	 Barnett S, Moonesinghe SR. Clinical risk scores to guide 
perioperative management. Postgrad Med J 2011;87:535-41.

9.	 Chand M, Armstrong T, Britton G, Nash GF.  How and why do we 
measure surgical risk? J R Soc Med 2007;100:508-12.

10.	 Wiesbauer F, Schlager O, Domanovits H, Wildner B, Maurer G, 
Muellner M,  et al. Perioperative beta-blockers for preventing 
surgery-related mortality and morbidity: a systematic review and 
meta-analysis. Anesth Analg 2007;104:27-41.

11.	 Angeli F, Verdecchia P, Karthikeyan G, Mazzotta G, Gentile G, 
Reboldi G.  ß-Blockers reduce mortality in patients undergoing high-
risk non-cardiac surgery. Am J Cardiovasc Drugs 2010;10:247-59.

12.	 POISE Study Group, Devereaux PJ, Yang H, Yusuf S, Guyatt G, 
Leslie K, et al. Effects of extended-release metoprolol succinate 



163

Turk J Obstet Gynecol 2019;16:158-63Biçer et al. Gynecological oncologic surgical risk


in patients undergoing non-cardiac surgery (POISE trial): a 
randomised controlled trial. Lancet 2008;371:1839-47.

13.	 Devereaux PJ, Beattie WS, Choi PT, Badner NH, Guyatt GH, Villar 
JC, et al. How strong is the evidence for the use of perioperative 
beta blockers in non-cardiac surgery? Systematic review and meta-
analysis of randomised controlled trials. BMJ 2005;331:313-21.

14.	 Mistry PK, Gaunay GS, Hoenig DM.  Prediction of surgical 
complications in the elderly: Can we improve outcomes? Asian J 
Urol 2017;4:44-9.

15.	 Oken MM, Creech RH, Tormey DC, Horton J, Davis TE, McFadden 
ET, et al. Toxicity and response criteria of the Eastern Cooperative 
Oncology Group. Am J Clin Oncol 1982;5:649-55.

16.	 Bethel MA, Sloan FA, Belsky D, Feinglos MN. Longitudinal 
incidence and prevalence of adverse outcomes of diabetes mellitus 
in elderly patients. Arch Intern Med 2007;167:921-7.

17.	 Huang ES, Laiteerapong N, Liu JY, John PM, Moffet HH, Karter 
AJ. Rates of complications and mortality in older patients with 
diabetes mellitus: the diabetes and aging study. JAMA Intern Med 
2014;174:251-8.

18.	 Cardosi RJ, Cox CS, Hoffman MS. Postoperative neuropathies after 
major pelvic surgery. Obstet Gynecol 2002;100:240-4.

19.	 National Institutes of Health (NIH), National Cancer Institute, 
Common Terminology Criteria for Adverse Events (CTCAE), 
Version 4.0, 2009-2010, NIH Publication No. 09-5410, https://
ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.
htm.

20.	 Nelson G, Altman AD, Nick A, Meyer LA, Ramirez PT, Achtari C, 
et al. Guidelines for pre- and intra-operative care in gynecologic/
oncology surgery: Enhanced Recovery After Surgery (ERAS®) 
Society recommendations--Part I. Gynecol Oncol 2016;140:313-
22.

21.	 Nelson G, Altman AD, Nick A, Meyer LA, Ramirez PT, Achtari C, 
et al. Guidelines for postoperative care in gynecologic/oncology 
surgery: Enhanced Recovery After Surgery (ERAS®) Society 
recommendations--Part II. Gynecol Oncol 2016;140:323-32.

22.	 Clark RM, Lee MS, Alejandro Rauh-Hain J, Hall T, Boruta DM, 
del Carmen MG, et al. Surgical Apgar Score and prediction of 
morbidity in women undergoing hysterectomy for malignancy. 
Gynecol Oncol 2015;136:516-20.

23.	 Ataseven B, du Bois A, Reinthaller A, Traut A, Heitz F, Aust S, 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 
2015;138:560-5.

24.	 Melamed A, Bercow AS, Bunnell K, Rauh-Hain JA, Wright JD, Rice 
LW, et al. Age-Associated Risk of 90-Day Postoperative Mortality 
After Cytoreductive Surgery for Advanced Ovarian Cancer.  JAMA 
Surg 2019;154:669-71. 

25.	 Zighelboim I, Kizer N, Taylor NP, Case AS, Gao F, Thaker PH, 
et al. “Surgical Apgar Score” predicts postoperative complications 
after cytoreduction for advanced ovarian cancer. Gynecol Oncol 
2010;116:370-3.

26.	 Patankar S, Burke WM, Hou JY, Tergas AI, Huang Y, Ananth CV, et 
al. Risk stratification and outcomes of women undergoing surgery 
for ovarian cancer. Gynecol Oncol 2015;138:62-9.

27.	 Phillips A, Sundar S, Singh K, Pounds R, Nevin J, Kehoe S, et al. 
The NICE classification for ‘Ultra-radical (extensive) surgery for 
advanced ovarian cancer’ guidance does not meaningfully predict 
postoperative complications: a cohort study. BJOG 2019;126:96-
104.

28.	 Cham S, Chen L, St Clair CM, Hou JY, Tergas AI, Melamed A, 
et al. Development and validation of a risk-calculator for adverse 
perioperative outcomes for women with ovarian cancer. Am J 
Obstet Gynecol 2019;220:571.e1-571.e8.

29.	 Jering MZ, Marolen KN, Shotwell MS, Denton JN, Sandberg WS, 
Ehrenfeld JM .Combining the ASA Physical Classification System 
and Continuous Intraoperative Surgical Apgar Score Measurement 
in Predicting Postoperative Risk. J Med Syst 2015;39:147. 




