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Abstract
Surgeons constantly try to achieve optimal surgical outcome, number, or extent of postoperative complications being an impor-
tant part of it. Oncological surgeries are conventionallymore challenging and complex comparedwithmost nononcological ones.
Gawande et al. devised SAS in 2007 in Boston as a predictor tool for postoperative complications (J Am Coll Surg 204:201–208,
2007). A validation study was done by in another cohort of 100 patients; however, only 70% of them had pathologically
confirmed malignancies (Ann Surg 240(2):205–213, 2004). We attempt to assess SAS as a tool to predict postoperative com-
plications in a series of 100 gynecological oncological patients operated at tertiary care center. SAS score of 100 patients with
gynecologic malignancies, undergoing surgery at a tertiary care center, was prospectively collected over 4 years. These patients
were observed for development of any complications occurring up to 30 days postsurgery. The complication events were graded
as per Clavien-Dindo classification (Indian J Gynecol Oncolog 15:49, 2017). The data obtained was statistically analyzed by chi-
square test. Thirty complication events were recorded in these 100 patients over a period of 4 years. Majority of complication
events were grade IIIa or less (22 out of 30); there was only one death on 8th postoperative day. Fifty percent of patients were with
SAS score of 5 or less developed complications compared with just 22.9% in patients with a score of 6 or more. Lower SAS score
might be associated with higher postoperative complications in patients undergoing gynecologic oncological surgeries. Thus,
patients with lower scores may benefit from a triage to more intensive postoperative care.
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Objective

To establish if surgical Apgar score (SAS) can predict com-
plications in 30-day postoperative period in patients undergo-
ing surgery for gynecologic malignancies.

Introduction

Women with gynecological malignancies are high-risk surgi-
cal candidates, courtesy the nature and complexity of surgical
procedures. Most of them also have other comorbidities,

compounding the surgical risk higher than their benign coun-
terparts [1, 2]. These comorbidities are advanced age, obesity,
diabetes, hypertension, and malignancy itself [2]. Gawande
et al. devised SAS in 2007 at Brigham and Women’s
Hospital, Boston, in a cohort of 303 patients undergoing gen-
era surgical procedures [3]. The score is easy to calculate at the
end of a surgical procedure by recording the lowest mean
arterial pressure (MAP), lowest heart rate (HR), and estimated
blood loss (EBL). These variables are then allotted a score and
added to get SAS (Table 1).

This score was validated in another cohort of 100 patients
operated at a regional cancer center; however, only 70% had
confirmed malignancies [4]. We thus analyzed data of this
cohort of pathologically confirmed malignancies (preopera-
tive biopsy or intraoperative frozen section). The complica-
tions arising after a surgical procedure were graded in a sys-
tematic order by Clavien-Dindo et al. [5] and are in common
use in surgical specialties (Tables 2 and 3).

We hypothesized that SAS will predict postoperative com-
plications in a cohort of gynecological malignancy patients.
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This information can be used in the future to use SAS as a
triage tool to guide more intensive postoperative care either in
an Intensive Care Unit (ICU) set-up or a High Dependency
Unit (HDU).

Methodology

SAS of 100 consecutive patients with gynecological malig-
nancies (carcinoma ovary, endometrium, cervix, vulva, and
uterine sarcomas), undergoing relevant surgical procedures,
was prospectively collected at tertiary care centers: The
Gujarat Cancer & Research Institute, Ahmedabad, and
Command Hospital, Pune, over a period of 4 years, from 1
May 2015 to 30 Apr 2019, after obtaining Institute Ethical
committee permission. An informed consent was obtained
for all patients included in study. All three variables needed
for SAS calculation were recorded immediately at the end of
surgery, with the assistance of anesthesiologist. Any compli-
cation event, as per Clavien-Dindo classification, up to a 30-

day period postsurgery was recorded. Descriptive statistics
were used for all patients and other co-variates, i.e., age,
BMI, and ASA grades. A SAS cut-off of 5 or less and 6 or
more was used to compare complication events in these sub-
groups, based on previous studies where scores ≤ 6 have been
found to be associated with higher complications [1, 4, 6–8].
Women aged 18 years or more were considered for this study.
Their clinico-pathologic characteristics, co-morbidities, and
intraoperative events were recorded. Hospital stay was not
used as a variable in analysis as many patients had a longer
hospital stay due to administrative issues. Descriptive statis-
tics and chi-square test were used for statistical analysis.

Results

In the cohort of 100 patients, the ages ranged from 18 to 80
years, mean age being 53.28 years (Table 4), youngest patient
being of a yolk sac tumor ovary and oldest being a patient with
a vulvar carcinoma. The bodymass index (BMI) of this cohort

Table 2 Clavien-Dindo
classification of surgical
complications

Grade Definition

Grade I Any deviation from the normal postoperative course without the need for pharmacological
treatment or surgical, endoscopic, and radiological interventions

Allowed therapeutic regimens are: drugs as antiemetics, antipyretics, analgesics, diuretics,
electrolytes, and physiotherapy. This grade also includes wound infections opened at the
bedside

Grade II Requiring pharmacological treatment with drugs other than such allowed for grade I
complications.

Blood transfusions and total parenteral nutrition are also included

Grade III Requiring surgical, endoscopic or radiological intervention

Grade IIIa Intervention not under general anesthesia

Grade IIIb Intervention under general anesthesia

Grade IV Life-threatening complication (including CNS complications)* requiring IC/ICU management

Grade IVa Single organ dysfunction (including dialysis)

Grade IVb Multi-organ dysfunction

Grade V Death of a patient

Suffix “d” If the patient suffers from a complication at the time of discharge, the suffix “d” (for “disability”)
is added to the respective grade of complication. This label indicates the need for a follow-up
to fully evaluate the complication

*Brain hemorrhage, ischemic stroke, sub-arachnoidal bleeding, but excluding transient ischemic attacks. CNS,
central nervous system; IC, intermediate care; ICU, intensive care unit

Table 1 A 10-point surgical
Apgar score 0 point 1 point 2 points 3 points 4 points

Estimated blood loss (ml) > 1000 601–1000 101–600 ≤ 100 -

Lowest mean arterial pressure (mm Hg) < 40 40–54 55–69 ≥ 70 -

Lowest heart rate* (beats/min) > 85 76–85 66–75 56–65 ≤ 55

Surgical score: sum of the points for each category in the course of a procedure

*Occurrence of pathological bradyarrhythmia (including sinus arrest, atrio-ventricular block of dissociation,
junctional or ventricular escape rhythms) and asystole also receives 0 point for lowest heart rate
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ranged from 18.8 to 42.6 kg/m2, mean being 26.42 kg/m2,
suggesting an overweight population overall. American
Society of Anesthesiologist (ASA) grades ranged from 1 to
3. The commonest operated gynecological malignancy was
ovarian carcinoma (61%), majority being epithelial neoplasms
and 4 cases of germ cell malignancies. Endometrial carcinoma
was the second commonest malignancy operated (21%),
followed by cervical carcinoma (7%), uterine sarcomas
(6%), and vulvar carcinoma (5%).

There were a total of 14 intraoperative complication events,
distribution given in Table 4. Transfusion of two or more
packed cells has been considered a complication event; five

patients required 2 or more pints of packed cell transfusion
during surgery. Other complications were injury to adjoining
viscera, bowel or ureter, and vessels during nodal dissection.
A total of 4 patients required care in ICU. Three patients
required prolonged ventilation due to delayed extubation and
consequently ICU stay for 2 days each. One patient developed
congestive cardiac failure and required ICU care for 6 days.
No patient was kept in ICU just for postoperative care.

Thirty postoperative complications occurred in these 100
patients over subsequent 30 days postsurgery. Majority were
Clavien Dindo grade IIIa, surgical site infections (SSIs) re-
quiring secondary suturing, other being one patient requiring

Table 3 Clinical examples of
Clavien-Dindo complication
grades

Grades Organ System Examples

Grade I Cardiac Atrial fibrillation converting after correction of K+-level

Respiratory Atelectasis requiring physiotherapy

Neurological Transient confusion not requiring therapy

Gastrointestinal Noninfectious diarrhea

Renal Transient elevation of serum creatinine

Other Wound infection treated by opening of the wound at the bedside

Grade II Cardiac Tachyarrhythmia requiring

β-receptor antagonists for heart rate control

Respiratory Pneumonia treated with antibiotics on the ward

Neurological TIA requiring treatment with anticoagulants

Gastrointestinal Infectious diarrhea requiring antibiotics

Renal Urinary tract infection requiring antibiotics

Other Same as for I but followed by treatment with antibiotics because
of additional phlegmonous infection

Grade IIIa Cardiac Bradyarrhythmia requiring pacemaker implantation in local anesthesia

Neurological See grade IV

Gastrointestinal Biloma after liver resection requiring percutaneous drainage

Renal Stenosis of the ureter after kidney transplantation treated by stenting

Other Closure of dehiscent noninfected wound in the OR under local anesthesia

Grade IIIb Cardiac Cardiac tamponade after thoracic surgery requiring fenestration

Respiratory Broncho pleural fistulas after thoracic surgery requiring surgical closure

Neurological See grade IV

Gastrointestinal Anastomotic leakage after descendorectostomy requiring relaparotomy

Renal Stenosis of the ureter after kidney transplantation treated by surgery

Other Wound infection leading to eventration of small bowel

Grade IVa Cardiac Heart failure leading to low-output syndrome

Respiratory Lung failure requiring intubation

Neurological Ischemic stroke/brain hemorrhage

Gastrointestinal Necrotizing pancreatitis

Renal Renal insufficiency requiring dialysis

Grade IVb Cardiac Same as for IVa but in combination with renal failure

Respiratory Same as for IVa but in combination with renal failure

Gastrointestinal Same as for IVa but in combination with hemodynamic instability

Neurological Ischemic stroke/brain hemorrhage with respiratory failure

Renal Same as for IVa but in combination with hemodynamic instability

TIA, transient ischemic attack; OR, operating room
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four packed cell transfusion and one developed neurogenic
bladder post radical hysterectomy for carcinoma cervix.
There were 10 other SSIs which were managed without sec-
ondary suturing. There were four patients who had burst ab-
domen (grade IIIb) within 10 days of surgery and required
abdominal closure under general anesthesia. One patient de-
veloped a thrombosis of left common iliac artery within 24 h
of surgery and required emergency open femoral
thrombectomy to salvage lower limb. The patient with grade
IVa complication required ventilator support and ICU stay for
48 h postsurgery. Grade IVb complication patient had conges-
tive cardiac failure following cytoreductive surgery, managed
with inotropes and intensive care.

There was one mortality (grade V complication) in this
cohort, a 70-year-old lady with advanced mucinous ovarian
adenocarcinoma. She underwent interval cytoreductive sur-
gery, total abdominal hysterectomy with bilateral salpingo-

oophorectomy with right hemi-colectomy with supracolic
omentectomy. She required postoperative ventilation for
48 h and three packed cell transfusion, and succumbed to
sequential multi-organ failure secondary to sepsis on 7th post-
operative day.

Half of the patients were with SAS score of 5 or less devel-
oped complications compared with just 22.9% in patients with
score of 6 or more. These results are comparable to the study
by Regenbogen et al., where 56.3% of patients with SAS of 4
or less had postoperative complications [6]. SAS cut-off at 5
was taken in this study; earlier studies have used similar cut-
offs, especially in context of gynecological cancers [1, 4, 6–8].
p value among “complications” group and “no complication”
obtained is 0.01, which is not statistically significant.

Descriptive statistics showed both groups (“complications”
vs “no complications”) were comparable in terms of age,
BMI, and ASA grades. SAS was noticeably different among
2 groups with mean SAS of 5.66 in “complications” group
and 6.51 in “no complications” group (Table 5). Chi-square
analysis showed a rising trend of complications as patient’s
age increased (Table 6). There was no significant difference as
per BMI stratification.

Discussion

Our study reaffirms the role of SAS as a reasonable and easy
predictor of postoperative complications. This is the largest
prospective observational study in gynecologic oncology pa-
tients, assessing the role of SAS. The use of the SAS as a
potential tool for surgical quality outcome research in gyne-
cologic oncology seems attractive and has been evaluated in a
few previous studies [1, 4, 7, 8]. Most of previous studies have
found a sharp rise in complication rates at SAS of 4 or less [6,
7]. Park et al. [8] used cut-off of ≤ 6 in their study; we found
higher complications at SAS of 5 or less.

Several other scores continue to be used in surgical practice
to predict postoperative outcomes. These are American
Society of Anesthesiologists Physical Status Classification
System (ASA classification) [9], Acute Physiology and
Chronic Health Evaluat ion (APACHE) [10], and
Physiological and Operative Severity Score for the
enUmeration of Mortality and Morbidity (POSSUM) [11],
Sepsis-related Organ Failure Assessment (SOFA) [12], and

Table 4 Patients’ characteristics

Malignancy (%) (N = 100)

Ovary 61

Endometrium 21

Cervix 07

Uterine Sarcoma 06

Vulva 05

Intraoperative complications

Complication event N (14)

≥ 2 packed cell transfusion 05

Prolonged ventilation/delayed extubation 03

Vascular injury (pelvic vessels/IVC*) 03

Recto-sigmoid injury 02

Ureteric injury 01

Postoperative complications

Clavien-Dindo grade N (30)

I 05

II 05

IIIa 12

IIIb 05

IVa 01

IVb 01

V 01

*IVC inferior vena cava

Table 5 Descriptive statistics
Variable No complications (mean + Std Dev*) Complications (mean + Std Dev)

Age 53.28 + 12.23 53.70 + 11.21

BMI 26.42 + 3.11 25.99 + 5.78

ASA 2.34 + 0.56 2.36 + 0.49

SAS 6.51 + 1.08 5.66 + 1.58

*Std Dev standard deviation
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quick SOFA (qSOFA) [13]. ASA classification reflects the pa-
tients’ preoperative physical status only and therefore does not
reflect the patients’ intraoperative conditions due to unexpected
complications during surgery. APACHE and POSSUM are
complicated and cumbersome to calculate and thus not widely
used in clinical practice for postoperative risk prediction. SOFA
and qSOFA need lesser variables for calculation; however, these
are utilized once patient is admitted to an Intensive Care Unit.
SAS seems to be the only reliable and objective parameter to
decide intensive care for a given patient. In its absence, sur-
geon’s or anesthesiologist’s clinical acumen decides which pa-
tient would require intensive care. SAS can add to this judgment
and improve patient’s postoperative outcome.

Surgical Apgar score is easily applicable in clinical practice
due to its easy and intuitive nature. The score is easy to mea-
sure using three objective intraoperative variables, EBL, low-
est HR, and lowest MAP. Lower scores have been validated
and found to be associated with more postoperative compli-
cations. The original study was conducted on a subset of sur-
gical patients undergoing colectomy; these results have been
thence validated across multitude of surgical specialties [3, 6].
There have been a few observational studies assessing role of
SAS in India [4, 14, 15]. This is the largest Indian study till
now in gynecological oncological patients.

There has been just one randomized trial till date, assessing
role of SAS to guide postoperative care. This trial was con-
ducted on 143 patients in 9 hospitals in UK [16]. The results of
this small randomized trial have been encouraging.We plan to
conduct a nationwide, multi-centric larger randomized con-
trolled trial in near future. This would provide the best avail-
able evidence yet on SAS.
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