1

Pol Ann Med. [in press]

Polish Annals of Medicine
Journal homepage: https://www.paom.pl

Research paper

Utility of the surgical Apgar score
in predicting morbidity and mortality: A prospective study
Harsha Huliyappa, Sreevathsa Maddibande Ramachar
Department of Surgery, M S Ramaiah Medical College, Rajiv Gandhi University of Medical Sciences, Bangalore, Karnataka, India

article info
Article history
Received February 18, 2021
Accepted: May 17, 2021
Available online: February 25, 2022
Ke y w o r d s
Mortality
Apgar score
Morbidity
Postoperative care
Risk assessment
Doi
https://doi.org/10.29089/paom/137489
User license
This work is licensed under a
Creative Commons Attribution –
NonCommercial – NoDerivatives
4.0 International License.

Abstract
I n t r o d u c t i o n : Optimization of postoperative care is often contingent upon
the risk stratification tools such as surgical scores that are used to prognosticate
potential complications.
A i m : This study evaluates the utility of surgical Apgar score (SAS) as a tool to predict morbidity and 30-day mortality among patients post general surgical procedures.
M a t e r i a l a n d m e t h o d s : The study cohort comprised of 400 patients aged
between 15 to 75 years, and prospectively undergoing emergency or elective general surgery. SAS of patients were extracted from the anesthesiologist’s records
on estimated blood loss, lowest heart rate and lowest mean arterial pressure. Post-operative outcomes such as major complications and mortality within 30 days of
surgery were monitored.
R e s u l t s a n d d i s c u s s i o n : Out of the 297 elective procedures, 22 (7.41%) cases had major complications. While among those undergoing emergency surgeries
(103), 38 (36.86%) patients developed major complications. The odds of developing
major complications in patients with the high-risk SAS scores (31; 51.67%) was
5.42 (CI: 3.03–9.70) times greater than in patients with low-risk SAS scores (29;
48.33%). The odds of expiring after a general surgery was 11.92 times higher in
high-risk patients (9; 75%) when contrasted with low-risk patients (3; 25%). The
sensitivity and specificity of SAS in predicting major complications is 51.67% and
83.53%, respectively. The sensitivity and specificity of SAS in predicting mortality
are 75% and 79.9%, respectively.
C o n c l u s i o n s : SAS serves as a simple and dependable tool to predict morbidity
and 30-day mortality in patients undergoing surgical procedures under anesthesia
other than local, requiring intensive perioperative monitoring.
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1. Introduction
Risk stratification before and after surgery is a component of
holistic post-operative management strategy that expedites
recovery. Most of the contemporary scoring mechanisms
for post-operative outcomes are laborious, time consuming
and therefore clinicians are compelled to rely on subjective
clinical examinations.1 In emergency cases, time is of the
essence and obtaining a detailed medical history along with
evaluation of comorbidities to predict surgical outcomes is
next to impossible. This necessitates development of an affordable, objective, and simple method to predict surgical
outcomes and identify of high-risk patients, thereby resulting in better allocation of limited medical resources and delivery of quality healthcare, in addition to reducing morbidity and mortality.2
Some of the previously developed methods include
the acute physiology and chronic health evaluation score
(APACHE), the American College of Surgeons National
Surgical Quality Improvement Program (NSQIP) and the
physiologic and operative severity score for the enumeration of mortality (POSSUM).2,3 However, their applicability across the panoply of surgical procedures remains inadequate.4 Gawande et al. heralded a better postoperative
scoring mechanism called the surgical Apgar score (SAS),
inspired from the Apgar obstetric scoring system.5 Initially,
the use of SAS was mainly in vascular and general surgery
cases, and later expanded to a diverse range of specialities
and settings. SAS entails a 10-point system for risk stratification of postoperative outcomes which is based on the
mean arterial pressure (MAP), estimated blood loss (EBL)
and lowest heart rate (HR) noted during surgery. A high
score is interpreted as low risk of facing major complications or mortality postoperatively, while a low score is representative of heightened risk.1,6
SAS simplified predicting post-operative outcomes and
the score is calculated faster, facilitating evidence-based
planning and management of post-surgical outcomes.7
However, validation of SAS system among different surgical
procedures and its prominence in elective versus emergency
systems has not been sufficiently explored.

2. Aim
This study was undertaken to correlate SAS with the patient’s outcomes such as complications after surgery (morbidity) and mortality within 30-days of general surgery.

3. Material and methods
Four hundred randomly selected patients scheduled to undergo a general surgery at a tertiary care hospital were enrolled in this prospective study. Patients aged between 15 and
75 years, undergoing emergency or elective general surgery
under general, epidural, or spinal anesthesia were recruited.

Patients were recruited only if they required intensive perioperative monitoring.
Demographic details including age, sex, comorbid
conditions, and past surgical procedures were recorded.
Both elective and emergency surgical procedures were categorized in accordance with the classification provided by
Arvidsson et al.8
By assessing parameters such as EBL, MAP and lowest HR
observed during the surgical procedure, the SAS was calculated from the anesthesiologist’s record.9 The cumulative scores
were subsequently separated into two categories as follows: less
than 7 scores and 7 and more scores as per the classification by
Wied et al.10 EBL is calculated using the formulae:11
Blood Loss =

EBV × (Hi – Hf)
(Hcti + Hctf)/2

+ (500 × Tu)

where, estimated blood volume (EBV) is assumed to be 70
cm3/kg, Hi and Hf represent pre-operative and post-operative haemoglobin, while Hcti and Hctf represent pre-operative and post-operative haematocrit respectively. Tu is an aggregate of packed red blood cells (PRBC), autologous whole
blood (AWB), and cell saver (CS) units (fresh frozen plasma,
cryoprecipitate) transfused.
Signs of potential complications in patients as indicated
by the physiological parameters studied were immediately
followed up by clinical investigations. The following events
were considered major complications: acute renal failure,
profuse bleeding requiring transfusion of 4U or more of red
blood cells within 72 h after surgery, cardiac arrest requiring
cardiopulmonary resuscitation, coma of more than 24 h, myocardial infarction, deep vein thrombosis, pneumonia, pulmonary embolism, ventilator use for 48 h or more, unplanned
intubation, stroke, wound disruption, deep or organ-space
surgical site infection, sepsis, septic shock , systemic inflammatory response syndrome, post-operative complications of
Clavien-Dindo class III and above that require re-surgical,
endoscopic, or radiological re-interventions for the diagnosis
of complications requiring intensive care.12
The collected data was analysed using SPSS v. 16.3. Categorical predictors of elective and emergency surgery groups
were evaluated using Monte-Carlo simulations in χ2 tests, at
P < 0.05 threshold of statistical significance. Patients were
classified into low and high-risk based on the SAS scores
and the association between major complications and 30-day
mortality rate with SAS scores was evaluated using a χ2 test.

4. RESULTS
Out of 400 patients, 216 (54%) were male. Table 1 presents the
demographic details of the patients recruited. The cohort was
predominated by an age group of 50–59 (140; 35%). In total,
297 (74.25%) recruited patients underwent elective surgeries and 103 (25.75%) patients underwent emergency surgeries. Most patients were in the high-risk SAS category (313;
78.25%).
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Table 1. Distribution of patients based on their demographic
characteristics.
Number of patients, n(%)

Variable

P value

Gender

Table 2. Distribution of patients based on comorbidities and
post-operative complications, n(%).
Post-operative complications
Comorbidities

No complications

Complications/
death

Total

Male

216(54)

Obesity (BMI > 25)

80(20)

64(16)

144(36)

Female

184(46)

Hypertension

96(24)

240(60)

336(84)

Pulmonary disease

20(5)

120(30)

140(35)

Cardiovascular disease

40(10)

120(30)

160(40)

Diabetes mellitus

88(22)

152(38)

240(60)

Renal failure

24(6)

52(13)

76(19)

Age (years)
<40

108(27)

40–50

96(24)

(0.2982)

50–60

140(35)

<0.001C*

≥60

56(14)

Type of surgeries

Sepsis

28(7)

36(9)

64(16)

CVA/TIA

4(1)

12(3)

16(4)

Elective

297(74.25)

Smoking

80(20)

172(43)

252(63)

Emergency

103(25.75)

Cancer

20(5)

48(12)

68(17)

Steroid therapy

8(2)

16(4)

24(6)

Surgical APGAR score
<7

87(21.75)

≥7

313(78.25)

Comments: C – χ test, *statistically significant.
2

Out of 108 patients aged less than 40 years, 89 individuals
(82.41%) had a SAS of 7–10 points, while those aged 40–50
years (77; 80.21%), also scored 7–10 points. Among 140 patients aged 50–60 years, 120 (85.71%) had an SAS between 7
and 10 points whereas among 56 patients aged 60 years and
more, 29 (51.79%) had a high-risk Apgar score (<7 points).
Figure 1 illustrates the distribution of SAS across age groups.
The most common associate co-morbidity was hypertension
(336; 84%) while intake of steroids (24; 6%) was the least
common cause of complication (Table 2).
In the study sample 212 (53%) patientsunderwent minor
and intermediate surgeries while 188 (47%) underwent major
and extensive surgeries. Out of 212 patients who had minor
and intermediate surgeries, 114 (53.77%) had simple alimentary procedures, 34 (16.04%) underwent breast surgery and 26
(12.26%) underwent surgeries for inguinal and paraumbilical
hernia. Out of the 188 patients who underwent major and extensive surgeries, 105 (55.85%) underwent complex alimentary and retroperitoneal surgeries and 55 (29.26%) underwent
ventral hernia/ incisional hernia surgery.

Within a post-operative period of 30 days, out of 400 patients, 60 (15%) patients presented with major complications
while 12 (3%) patients expired. Among 297 patients who underwent elective surgeries, 7.41% presented with major complications. However, among 103 patients who underwent emergency
surgeries, 37.86% presented with major complications (Table 3).
Major complications and mortality rates were significantly higher among low-risk patients when juxtaposed with
the high-risk group (Table 4). The odds of developing a major complication were 5.42 (CI: 3.03–9.70) times higher in
the high-risk SAS group in comparison to patients in the
Table 3. Major complications observed in patients after elective and emergency surgical procedures and classification of
patients based on the SAS score, n(%).
Elective
n = 297

Emergency
n = 103

4(1.35)

8(7.77)

0(0)

4(3.88)

Cardiac arrest with CPR

1(0.34)

2(1.94)

Deep vein thrombosis

1(0.34)

1(0.97)

Myocardial infarction

2(0.67)

2(1.94)

Prolonged ventilation (>48 h)

0(0%)

2(1.94)

Pneumonia

3(1.01)

7(6.8)

Pulmonary embolism

2(0.67)

0(0)

Stroke

1(0.34)

0(0)

Wound disruption

4(1.35)

5(4.85)

Deep organ space infection

3(1.01)

4(3.88)

Variables
Post-operativemajor complications
Acute renal failure
Transfusion of more than 4 units

Sepsis and shock

1(0.34)

3(2.91)

Total

22(7.41)

38(36.89)

<7

51(17.17)

36(34.95)

≥7

246(82.83)

67(65.05)

Surgical Apgar score

Figure 1.
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Table 4. Comparison of major complications and mortality between low-risk and high-risk groups according to SAS, n(%).
Surgical Apgar score

Major Complications
Yes

No

0–7

31(51.67)

56(16.47)

7–10

29(48.33)

284(83.53)

P value
<0.001C*

Mortality
Yes

No

9(75%)

78(20.1)

3(25%)

310(79.9)

P value
<0.001MC*

Comments: *C-Chi square test, MC-Chi square test with Monte Carlo simulation.

low-risk SAS group. Similarly, the odds of experiencing
death were 11.92 (CI: 3.15–45.08) times higher in high-risk
SAS group as compared with patients in the low-risk SAS
group. The sensitivity and specificity of SAS in predicting
major complications is 51.67% and 83.53%, respectively. The
sensitivity and specificity of SAS in predicting mortality is
75% and 79.9%, respectively.

5. DISCUSSION
This study evaluated the utility of a simple surgical score
calculated from an estimation of blood loss, lowest HR, and
lowest MAP during surgery to predict major complications
and mortality after surgery. The most frequently noted complications in the study were acute renal failure and pneumonia. Of the 12 fatalities in the study period, 9 patients died
of cardiopulmonary arrest due to cardiovascular events,
acute respiratory distress syndrome and sepsis, 2 patients
died of disseminated intravascular coagulation and 1 patient
succumbed to a cerebrovascular accident. High mortality
rate was observed in patients suffering from hypertension,
smoking, diabetes mellitus, sepsis, pulmonary disease, and
cardiac disease. Regenbogen et al. also reported hypertension as the most prevalent form of comorbidity (51%) followed by sepsis (21%), and diabetes mellitus (15%), in patients who expired after a surgery.13 Some of the additional
risk factors noted were the American Society of Anesthesiologist’s physical classification system (ASA class) more
than 3, BMI less than 18.5, open wound, weight loss over
10% in 6 months, ascites and gangrene.13
In this study, 74.25% were elective surgeries, while
25.75% were emergency surgeries. Most surgeries were minor or intermediate (55%) while major or extensive surgeries were performed in 45% of patients. About 4.2% of minor
surgeries had major complications, with a 30-day mortality
rate of 1.1%, whereas 27.1% of major complications and 4%
of 30-day mortality rates were noted in the case of major and
extensive surgeries. A study by Regenbogen et al. showed an
incidence of major complications to be 4.8% vs. 21.3% in minor vs. major surgeries.14 Among major surgeries, patients
with SAS of 4 or less were 11.3 times more likely to have
a major complication (95%CI: 4.7–8.9, P < 0.001) and the
relative risk of death was 140.7. However, even after minor
or intermediate surgeries, patients with a SAS of 4 or less
were 22.8 times more vulnerable to major complications and
had a 81.4 times greater chance of dying (P < 0.001).14 In
the present study, out of 400 patients, 60 (15%) had major
complications within the 30-day post-operative period, 12

(3%) died within 30 days of the post-operative period and
328 (82%) were complication free. Ohlsson et al. reported
a relative risk of developing a major complication to be 7.4
(95%CI: 2.88–17.5) among patients with the low SAS scores
when juxtaposed with the high SAS scorers.16 In agreement
with the above study, the present study also found the odds
of developing major complication post-surgery to be significantly lesser with increase in SAS scores.
Reynolds et al. inferred that mortality is significantly
linked to lower surgical Apgar scores across a multitude of
subspecialties albeit with varying odds for each.7 The present study results are in concurrence with the existing literature and report a decline in the odds ratio for mortality with
a corresponding increase in SAS.
The sensitivity and specificity of SAS as a predictor of
major complications and mortality following general surgical procedures was comparatively higher than those observed
by Pinho et al. (67.3% and 56.1%) among patients following
colorectal surgeries and in patients undergoing intraabdominal surgeries.15,18 Though the sensitivity is low, the specificity of the SAS threshold at 7 to categorize patients into high
and low-risk is good (>75%) and therefore can distinguish
better between cases that could develop major complications
from those that would follow a normal course after surgery.

6. CONCLUSIONS
(1) SAS is a quick and simple tool to predict the likelihood
of acquiring major complications and 30-day mortality
in patients undergoing general surgical procedures requiring intense perioperative monitoring.
(2) The odds of acquiring major complications post-operatively and progressing to mortality significantly increase
with a low SAS.
(3) Hence SAS can be of great help in a healthcare setting
with minimal resources, where high-risk patients vulnerable to developing life-threatening complications can
be managed effectively.
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