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Surgical Apgar Score can accurately predict ==

the severity of post-operative complications
following emergency laparotomy

Victor Meza Kyaruzi'", Douglas E. Chamshama?, Ramadhani H. Khamisi' and Larry O. Akoko'

Abstract

Background The Surgical Apgar Score (SAS) describes a feasible and objective tool for predicting surgical outcomes.
However, the accuracy of the score and its correlation with the complication severity has not been well established in
many grounds of low resource settings.

Objective To determine the accuracy of Surgical Apgar Score in predicting the severity of post-operative complica-
tions among patients undergoing emergency laparotomy at Muhimbili National Hospital.

Methods A prospective cohort study was conducted for a period of 12 months; patients were followed for 30 days,
the risk of complication was classified using the Surgical Apgar Score (SAS), severity of complication was estimated
using the Clavien Dindo Classification (CDC) grading scheme and Comprehensive Complication Index (CCl). Spear-
man correlation and simple linear regression statistic models were applied to establish the relationship between
Surgical Apgar Score (SAS) and Comprehensive Complication Index (CCl). The Accuracy of SAS was evaluated by
determining its discriminatory capacity on Receiver Operating Characteristics (ROC) curve, data normality was tested
by Shapiro-Wilk statistic 0.929 (p <0.001).Analysis was done using International Business Machine Statistical Product
and Service Solution (IBM SPSS) version 27.

Results Out of the 111 patients who underwent emergency laparotomy, 71 (64%) were Male and the median age
(IQR) was 49 (36, 59).The mean SAS was 4.86 (+ 1.29) and the median CCl (IQR) was 36.20 (26.2, 42.40). Patients in the
high-risk SAS group (0-4) were more likely to experience severe and life-threatening complications, with a mean CCl
of 53.3 (95% Cl: 47.2-63.4), compared to the low-risk SAS group (7-10) with a mean CCl of 21.0 (95% Cl: 5.3-36.2). A
negative correlation was observed between SAS and CCl, with a Spearman r of -0.575 (p <0.001) and a regression
coefficient b of -11.5 (p <0.001). The SAS demonstrated good accuracy in predicting post-operative complications,
with an area under the curve of 0.712 (95% Cl: 0.523-0.902, p < 0.001) on the ROC.

Conclusion This study has demonstrated that SAS can accurately predict the occurrence of complications following
emergency laparotomy at Muhimbili National Hospital.

Keywords Surgical apgar score (SAS), Complication severity, Comprehensive Complication Index (CCl), Predictive
accuracy
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Introduction

Post-operative morbidity and mortality reduction is the
fundamental goal of every surgical procedure [1]. The
key to reduce post-operative morbidity and mortality is
to employ effective perioperative management of patients
with objective and scrupulous evaluation. Emergency
laparotomy is one of the most performed delicate surgi-
cal procedure usually done in patients who already have
sustained severe physiological stress and hemodynamic
instability antecedent to severe hemorrhage, electrolyte
imbalance, systemic inflammatory response and sepsis
[2-5]. Based on these factors patients are usually suscep-
tible to increased risk of developing detrimental com-
plications and high rate of mortality within 30 days of
post-operative period. Post-operative respiratory infec-
tion rate accounts for about 40% of patients who undergo
abdominal surgery [6, 7].

Risk scoring system is the best modality approach as
it provides a standard means of quantifying the patient’s
risk for developing complications based on several fac-
tors including the morbidity status of patient [8].

However, vast majority of risk-scoring systems are not
feasibly calculated at the bedside; due to their numer-
ous demands for estimation which include laboratory
investigations inasmuch as also clinicians and surgeons
do not regularly apply them for patients assessment and
stratification [9].

Surgical Apgar Score (SAS) describes a feasible, imme-
diate and an objective modality of determining surgical
outcomes [10]. It is a ten point score, which applies three
haemodynamic parameters, the lowest heart rate, the
lowest mean arterial pressure and estimated blood loss
during surgery to predict the attributable complication
risk after general or vascular surgery [11].

Among the most contemporary risk tools available for
surgical patients, SAS could provide a feasible instru-
ment for its routine utility and applicability, it would
emanate an immediate and objective evaluation means
guiding the surgical team to estimate the risk of post-
operative complication upon completion of operation
using the simple haemodynamic variables. SAS can
be used to stratify patients into three categories of risk
levels classified as low risk, medium risk and high risk.
Patients in high-risk group (SAS 0- 4) are 16 folds more
likely to experience major complications than patients in
low risk (SAS 7-10) [11].

The accuracy of SAS have never been tested at our set-
ting and its predictive accuracy for severity of postopera-
tive complications is still uncertain since various studies
have not yet proven the correlation between the stratified
risk levels of SAS and the severity of the complications
[12, 13]. It has been observed that there is increased rate
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for occurrence of major complications and high mortality
among patients with the lowest SAS <4, however there is
a paucity of evidence to justify if any statistical correla-
tion exists between the risk level of SAS and severity of
post-operative complication [11, 14].

Material and methods

A prospective cohort study was conducted in Depart-
ment of General Surgery at Muhimbili National Hospital.
The study aimed to determine the accuracy of Surgical
Apgar Score for prediction of post-operative complica-
tion severity among patients who underwent emergency
laparotomy at Muhimbili National Hospital. We also
aimed to describe the severity pattern of post-operative
complication among patients who underwent emergency
laparotomy and to evaluate the correlation between SAS
and the severity of post-operative complication following
emergency laparotomy.

Study area

Muhimbili National Hospital is a National Referral Hos-
pital, Research Center and University teaching Hospital
with 1,500-bed capacity, attending 2,000 outpatients per
day and admitting 1,000 to 1,200 inpatients per week. The
Department of Surgery is one among six departments of
the Directorate of Surgical Services, this department has
120-bed capacity, it comprises of operating surgical ICU
and two emergency Operating theatre rooms, imaging
services and established Interventional Radiology unit. It
is divided into five units according to their areas of spe-
cialization including Gastroenterology and General Sur-
gery, Thoracic and General Surgery, Urology, Paediatric
Surgery and Plastic and Reconstructive Surgery Unit.

Sample estimation and selection
The total sample size of 112 participants was estimated
using the Cochran formula to enable the prediction accu-
racy of the model at a power (1-) of 80%, type 1 error of
less than 5% and 95% confidence interval.

Using the Cochran formula:

Z*> x p(1—p)
d2

Where

z=Score at 95% confidence interval (1.96)

p=30 day mortality in patients undergoing emergency
laparotomy (7.9%) [12]

d=margin of error (0.05%)

n=112

During the study period we were able to recruit
111 patients who underwent emergency laparotomy
from March 2021 to February 2022 by non-probability
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convenient sampling, patients with age above 18 years
and ASA >1II were included while those who had severe
anaemia Hb<7 g/dl and Sickle Cell Anaemia were
excluded from the study.

Data collection and measurements

The data were recorded on structured checklist. The data
were collected from patients’ file and anesthesia logs. The
structured checklist was developed incorporating the
sociodemographic characteristics, clinical characteris-
tics, variables for complication severity grading includ-
ing the Clavien Dindo Classification domains (CDC)
and Comprehensive Complication Index (CCI), Surgi-
cal Apgar Score Parameters. The checklist was pretested
for validity and reliability using the internal consistency.
The cronbach’s alpha threshold was more than 0.7 and
we accepted and adopted the tool for data collection
purpose.

Surgical Apgar Score (SAS) for patients was estimated
by computing three inraoperative haemodynamic param-
eters the lowest mean heart rate (HR), estimated blood
loss (EBL) and the lowest mean arterial pressure (MAP),
SAS was further stratified into three levels of risk as
high risk (SAS 0-4), moderate risk (SAS 5-6) and low
risk (SAS 7-10), Table 1. Blood loss was estimated using
the Gross formula [15]. Patients were followed within a
period of 30 days after surgery, the observed complica-
tions were recorded and the severity of complication was
graded according to modified Clavien Dindo Classifica-
tion scheme [16—18]. The grades of severity were quan-
tified numerically using the Weighted Comprehensive
Complication Index (CCI) calculator [19-21].

The Gross formula for estimation of blood loss is
described below.

EBL = EBV [(HBi — HBf)] /24 (500 x Tu)
== " UHBi + HBf o
Where,
EBV=Estimated blood volume (body weight in
kgs x 70 ml/kg)

HBi=DPre-operative hemoglobin (g/dl),

Table 1 The ten-point surgical Apgar score

Parameter Points

0 1 2 3 4
Estimated Blood loss (ml) >1000 601-1000 101-600 <100 -
Lowest heart rate (beats/ ~ >85 76-85 66-75 56-65 <55
min)
Lowest MAP (mmHg) <40 40-54 55-69 >70

MAP Mean Arterial Pressure
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HBf="Post-operative hemoglobin (g/dl) around 24 h
after surgery

Tu=Sum of units of blood transfused (i.e. whole blood,
packed red blood cell transfused).

The numerical value of complication severity for every
individual patient was calculated using the weighted
Comprehensive Complication Index (CCI) Calculator.
The correlation for complication severity expressed in
CCI and the SAS risk level was tested using the Spear-
man rank (r) and simple linear regression analysis. The
predictive accuracy of SAS for post-operative com-
plication was tested by considering its discrimination
capacity by Area under Curve on ROC. The analysis was
conducted using the International Business Machine
Statistical Product and Service Solution (IBM SPSS)
version 27.

Ethical clearance

The ethical clearance approval protocol for this study was
obtained from Institutional Review Board of Muhimbili
University of Health and Allied Sciences (IRB-MUHAS),
REF DA.282/298/01.C.

Results

Among patients who were recruited the Male were pre-
dominant at 71 (64.0%), with a median age of 49 (36, 59)
most of the patients were in the age group of between 61
and 75 years in 42 (37.8%) followed by those between 44
and 60 years in 26(23.4%). The mean body weight in Kg
and the mean baseline haemoglobin in g/dl of patients in
were 63.8+9.93 and 11.22+2.98. Peritonitis and intes-
tinal obstruction were the leading indications for emer-
gency laparotomy with proportion of 44.1% and 36.9%
respectively Table 2.

Perioperative clinical characteristics of the patients

The mean SAS for patients was 4.86 (+1.29) and the
median CCI for a 30-day complication was 36.20 (26.20,
42.40) with mortality rate of 16.2%, 86.5% of complica-
tions occurred within <10 days, Tables 3 and 4.

Severity pattern for a 30-day post operative complication
Complications were graded based on modified Clavien
Dindo Classification scheme, category I-1I and III-V were
classified as Low and High grade respectively. Most of
severe and detrimental complications were attributable
to high grade with a preponderance score of grade III-V,
Fig. 1.

Several complications were identified within 30 days
of post operative period and each individual patient
developed at least one or more complication, respira-
tory infection was the most prevalent 21.62% followed by
death 16.22% as illustrated in Fig. 2.
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Table 2 Baseline characteristics and indications for surgery
among patients who underwent emergency laparotomy at
Muhimbili Nationa Hospital 2021

Variables Mean +SD Frequency (%)
Age group
<44 19(17.11)
44-60 26 (23.40)
61-75 42 (37.80)
>75 24 (21.60)
Median age 49 (36,59)
Sex
Male 71 (64.00)
Female 40 (36.00)
Mean body weight (Kgs) 63.80 (+9.93)
Mean Haemoglobin (g/dl) 11.22 (£2.98)
Pre-operative diagnosis
Peritonitis 49 (44.10)
Intestinal obstruction 41 (36.90)
Abdominal visceral injury 7 (6.30)
Diaphragmatic tear 2 (1.80)
Enterocutaneous fistula 6 (5.40)
Others 6 (5.40)
TOTAL (n=111)
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Patients were stratified into three categories of risk
level as high, medium and low based on the SAS classi-
fication 0—4, 5—6 and 7-10 respectively. It was observed
that patients in high-risk group were more likely to
develop severe and life threatening complications with
the mean CCI of 53.3 (47. 2- 63.4, 95% CI). The medium
risk group had a mean CCI of 31.8 (28.9-35.7, 95% CI)
and the low risk group was less likely to develop severe
complication with the mean CCI of 21.0 (5.3-36.2, 95%
CI), One Way ANOVA was done to compare the means
which yielded the significant mean difference (F=16.6,
p<0.001) Fig. 3.

The correlation of comprehensive complication index

and surgical Apgar score

The correlation test was performed to determine if there
is any existing relationship between Surgical Apgar score
and the complication severity expressed in CCI. The
spearman coefficient shows an existing negative weak
correlation, r=-0.575, p<0.001. A simple linear regres-
sion analysis was also performed to test if there is any
existing degree of dependence for Comprehensive Com-
plication Index by changes of value in Surgical Apgar
Score. The statistic model y=100+-11.5*X was derived

Table 3 SAS variables of patients who underwent emergency laparotomy at MNH in 2021

Variables Mean +SD Frequency (%)

Median estimated blood loss ( IQR) 747.00 (361.00, 1085.00)

Mean hemoglobin (g/dl) 10.60 (+8.57)

Mean lowest DBP (mmHg) 5542 (+12.79)

Mean lowest SBP (mmHg) 94.05 (+18.10)

Mean lowest heart rate (bpm) 87.95 (+16.66)

Mean lowest MAP (mmHg) 67.69 (+13.45)

Median CCI (IQR) 36.20 (26.20, 42.40)

Mean SAS 4.86 (+1.29)

Complication onset (days)
0-11 96 (186.50)
11-20 13(11.70)
21-30 2(1.80)

Complication Severity (CDC)
Low grade (I-l) 9(8.10)
High grade (llI-V) 102 (91.90)

TOTAL (n=111)

Table 4 The accuracy and precision values for Surgical Apgar Score

Cutpoint Sensitivity (%) Specificity (%) PPV (%) NPV (%) Youden’s index AUC

Metric Score

5 61.76% 77.78% 96.92% 15.22% 0.395 0.712

1.40
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Fig. 1 Clavien-Dindo classification of complications among post emergency laparotomy patients at MNH 2021
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Renal Dysfunction

W Surgical Site Infection
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M Death

[ others

13.51%

Fig. 2 Pie chart showing complications occurring among emergency laparotomy patients at MNH in 2021

and revealed a negative relationship between the two  The accuracy of SAS for prediction of post-operative
variables with regression coefficient, b=-11.5, p<0.001, complication severity

which depicts a decrease change of CCI by 11.5 for every It was observed that within the period of 30 days,
increment of one value of SAS with coefficient of deter- every individual patient developed at least one com-
mination, r*=0.336, p <0.001 Fig. 4. plication, and each complication was classified into a
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dichotomous variable as either low or high grade out-
come based on modified Clavien Dindo. The discrimi-
natory capacity of SAS was determined using the ROC
and Area Under Curve was 0.712 (0.523-0.902, 95% CI,
p<0.001), the AUC indicates that SAS is satisfactory

score for prediction of postoperative complication
severity (0.7<AUC<0.8) as shown in Fig. 5. Sensitiv-
ity 61.76%, Specificity 77.78%, PPV 96.92% and NPV
15.22%, p <0.035 Tables 3 and 4 and diagnostic cutoff
point of 5 for SAS was estimated Table 5.
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Fig. 5 Receiver operating characteristic curve showing the area under curve for complication predictive accuracy of SAS

Table 5 Classification of participants based on cut-off of 5
Surgical Apgar Score

Surgical Apgar Score Clavien Dindo Classification (CDC)

High grade Low grade
<5 63 (TP) 2 (FP)
>5 39 (FN) 7 (TN)
Total 102 9
Discussion

The study aimed at determining the accuracy of SAS
for predicting the severity of post-operative complica-
tions among patients undergoing emergency laparot-
omy. Our study revealed that the mean Surgical Score
(SAS) at Muhimbili National Hospital is 4.86 with the
median Comprehensive Complication Index (CCI) of
36.20 (26.20, 42.40). Patients with the lowest SAS score
(0-4), had the increased risk of developing severe and
life threatening complication with high comprehensive
complication index (CCI) score of 53.30.

In this study, it was determined that the most prev-
alent major complication was respiratory infection,
21.62% which accounted for increased morbidity and
mortality, this related to what another study in India

where it was reported an increased pulmonary morbid-
ity accounting 34% with high rate of pneumonia 19.7%
[22]. The increased rate of respiratory infections in our
settings we postulated that it could have been influ-
enced by the COVID19 pandemic reflected on the study
period. The surgical site infection rate was 18.02%, this
was more less compared to the overall surgical site
infection rate of 25% which was described in the study
done by Dullo et al. [12]. The mortality rate was 16.22%
this was significantly higher than 7.9% mortality rate
determined at Kitui District Hospital in Kenya [12],
however it related with the results from other studies
with mortality rate from 15-27.7% [13, 22].

A large proportion of patients in this study were scaled
according to their complication severity as high grade
(II-V) based on CDC scheme, this corresponded with
the median Comprehensive Complication Index of 36.20
(26.2, 42.40). The mean SAS was 4.86 equivalent to the
mean SAS derived from other studies with a mean range
of 4-6 [12, 13].

SAS was stratified into three categories of risk level
as High risk (0-4), Medium risk (5-6) and Low risk
(7-10) [13, 23], there was increased degree of compli-
cation severity observed among patients with high risk,
SAS <4, mean CCI 53.3 compared to the group with low
risk,SAS >7 which had a mean CCI 21.0 this relationship
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was in keeping with findings from other studies tested by
different statistic of associations [12, 13, 24, 25].

Using the linear regression analysis model we detected
a significant negative correlation between SAS and the
degree of complication severity estimated by weighted
CCI. The spearman correlation coefficient was (r=-575,
p=0.001) and regression coefficient was (b=-11.5,
p=0.001), this implies that for every reduced one score
of SAS it increases the risk of developing severe compli-
cations following emergency laparotomy by 11.5 folds.

Our study has revealed SAS has a good predictive accu-
racy with AUC 0.712 on Receiver Operating Characteris-
tics (ROC), this indicates that SAS is a feasible tool and it
can detect the difference between the severe versus non
severe complications according to Clavien Dindo Classi-
fication (CDC) and CCI. It has produce the similar find-
ings with other studies which have reported equivalent
findings within the range of AUC 0.710 - 0.751.[13, 26,
27]. Moreover, other studies has proven a more optimum
discriminatory power in the range of 0.75-0.796 of this
tool [12, 13].

Several algorithms have been developed and used for
risk stratification such as the American Society of Anes-
thesiologists Physical Status Classification System (ASA
classification), the Physiologic and Operative Severity
Score for enumeration of Mortality and morbidity (POS-
SUM), the Acute Physiology and Chronic Health Evalu-
ation (APACHE), the Simplified Acute Physiology Score
(SAPS) and American College of Surgeon NSQIP [28-
31]. However, each of these systems has limitations and
restricted applications. Although the ASA classification
has proved to be a predictive preoperative risk factor in
mortality models, its subjective nature and inconsistent
scoring between providers make it less than ideal for per-
forming evidence-based postoperative risk calculation
(32, 33].

SAS has proven a feasible and objective instrument for
identifying patients at high risk and has accurately dem-
onstrated the good discriminatory capacity for predic-
tion of post -operative complications severity following
emergency laparotomy. The simplicity of SAS demysti-
fies its empirical relevance for its utility and applicability
in the resource constrained settings. The power and the
strength of the Surgical Apgar Score include the capacity
to compute the score quickly and objectively. Ultimately,
the score may also prove useful in guiding preventive
strategies such as optimizing intraoperative heart rate,
arterial blood pressure and timely blood transfusion [34].

Strengths and limitations

The outstanding strengths of this study encompass the
use of simple haemodynamic measurements and nomo-
grams to estimate the semiological endpoints of patients
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subjected to emergency laparotomy. However, it is not
without limitations that a single center study nature,
small sample size and convenient sampling rendering to
selection bias altogether impose a deterrence for general-
izability of our study.

Conclusion

The high rate of morbidity and mortality associated
with emergency laparotomy in our setting highlights the
urgent need for an objective tool to determine risk lev-
els and proactively optimize patient outcomes. Our study
shows that the SAS is an accurate predictor of post-oper-
ative complications severity following emergency lapa-
rotomy at Muhimbili National Hospital.

Appendix

CDC Grades and the weighted CCI value

Grade Definition Single
Value
Cccl

| Any deviation from the normal postoperative course 8.7
without the need for pharmacological treatment or
surgical, endoscopic, and radiological interventions
Allowed therapeutic regimens are drugs as antiemet-
ics, antipyretics, analgesics, diuretics, electrolytes,
and physiotherapy. This grade also includes wound
infections opened at the bedside

Il Requiring pharmacological treatment with drugs 209
other than such allowed for grade | complications
Blood transfusions and total parenteral nutrition are

also included
llla Intervention not under general anesthesia 26.2
llb Intervention under general anesthesia 33.7
IVa Single organ dysfunction (including dialysis) 424
Vb Multiorgan dysfunction (MOD) 46.2
vV Death of a patient 100

Acknowledgements
To everyone who contributed any resource for accomplishment of this
project.

Authors’ contributions

The principal investigator prepared the full text article of this article and all
other authors reviewed and contributed their expert opinions. Victor Meza
Kyaruzi had access to entire data in this study, he took full responsibility for
data integrity and ensured the accuracy of data analysis.Concept and Design:
Victor Meza Kyaruzi and Larry Akoko Acquisition, analysis and interpretation
of data: Victor Meza Kyaruzi, Larry Akoko, Douglas Chamshama, Ramadhani
Khamisi Drafting of Manuscript: Victor Meza Kyaruzi and Larry Akoko Critical
revision of the manuscript for intellectual content: Victor Meza Kyaruzi, Larry
Akoko, Ramadhani Khamisi, Douglas Chamshama Statistical Analysis: Victor
Meza Kyaruzi and Larry Akoko Administrative, technical or material support:
Victor Meza Kyaruzi, Larry Akoko Supervision: Douglas Chamshama, Ramad-
hani Khamisi, Larry Akoko.

Author’s information
Not applicable.



Kyaruzi et al. BMC Surgery (2023) 23:194

Funding
No funding.

Availability of data and materials
All materials pertinent to this research are available and shall be provided by
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate

Ethical approval was obtained from IRB of Muhimbili University of Health and
Allied Sciences REF DA.282/298/01.C.

All methods were carried out in accordance with relevant guideline and
regulations.

All participants signed the informed consent for participation in the study and
approved their information to be used for the purpose of this research only.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of General Surgery, Muhimbili University of Health and Allied
Science, Dar Es Salaam, Tanzania. 2Department of General Surgery, Muhimbili
National Hospital, Dar Es Salaam, Tanzania.

Received: 23 January 2023 Accepted: 21 June 2023
Published online: 06 July 2023

References

1. Thomassen, Storesund A, S@fteland E, Bratteb@ G. The effects of safety
checklists in medicine: A systematic review. Acta Anaesthesiol Scand.
2014;58(1):5-186.

2. Martin ND, Patel SP, Chreiman K, Pascual JL, Braslow B, Reilly PM, et al.
Emergency laparotomy in the critically III: futility at the bedside. Crit
Care Res Pract. 2018;2018:6398917.

3. Ahmed A, Azim A. Emergency laparotomies: causes, pathophysiology,
and outcomes. Indian J Crit Care Med. 2020;24:5183-9.

4. Schreiber J, Nierhaus A, Vettorazzi E, Braune SA, Frings DP, Vash-
istY, et al. Rescue bedside laparotomy in the intensive care unitin
patients too unstable for transport to the operating room. Crit Care.
2014;18(3):1-7.

5. Weber DG, Bendinelli C, Balogh ZJ. Damage control surgery for abdom-
inal emergencies. Br J Surg. 2014;101(1):109-18.

6. Fernandes A, Rodrigues J, Lages P, Lanca S, Mendes P, Antunes L, et al.
Root causes and outcomes of postoperative pulmonary complications
after abdominal surgery: a retrospective observational cohort study.
Patient Saf Surg. 2019;13(1):1-9.

7. Miskovic A, Lumb AB. Postoperative pulmonary complications. Br J
Anaesth. 2017;118(3):317-34.

8. Dalton JE, Kurz A, Turan A, Mascha EJ, Sessler DI, Saager L. Devel-
opment and validation of a risk quantification index for 30-day
postoperative mortality and morbidity in noncardiac surgical patients.
Anesthesiology. 2011;114(6):1336-44.

9. Nag DS. Assessing the risk: scoring systems for outcome prediction in
emergency laparotomies. Biomed. 2015;5(4):7-16.

10. Nair A, Bharuka A, Rayani BK. The reliability of surgical Apgar score in
predicting immediate and late postoperative morbidity and mortality:
a narrative review. Rambam Maimonides Med J. 2018;9(1):e0004.

11. Gawande AA, Kwaan MR, Regenbogen SE, Lipsitz SA, Zinner MJ. An
Apgar score for surgery. J Am Coll Surg. 2007;204(2):201-8.

12. Dullo M, Ogendo SWO, Nyaim EO. Surgical Apgar score predicts post-
laparatomy complications. Ann Afr Surg. 2013;10(2):24-9 Available
from: http://search.ebscohost.com/login.aspx?direct=true&AuthType=
cookie,ip,shib&db=awn&AN=aas-94543&site=ehost-live%5Cn. http://
www.ajol.info/index.php/aas/article/view/94543 .

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

Page 9 of 10

Ngarambe C, Smart BJ, Nagarajan N, Rickard J. Validation of the surgical
Apgar score after laparotomy at a tertiary referral hospital in Rwanda.
World J Surg. 2017;41(7):1734-42.

Yusufali TS, Awori M, Ojuka KD, Wekesa VD. Surgical Apgar Score
predicts postoperative complications in traumatic brain injury. Ann Afr
Surg. 2016;13(1).

Pachore JA, Shah VI, Upadhyay S, Shah K, Sheth A, Kshatriya A. The

use of tranexamic acid to reduce blood loss in uncemented total hip
arthroplasty for avascular necrosis of femoral head: a prospective
blinded randomized controlled study. Arthroplasty. 2019;1(1):1-7.
Dindo D, Demartines N, Clavien PA. Classification of surgical complica-
tions: a new proposal with evaluation in a cohort of 6336 patients and
results of a survey. Ann Surg. 2004,240(2):205-13. https://doi.org/10.
1097/01.51a.0000133083.54934.ae.

. Jan W-L, Chen H-C, Chang C-C, Chen H-H, Shih P-K, Huang T-C. Modi-

fied Clavien-Dindo classification and outcome prediction in free flap
reconstruction among patients with head and neck cancer. J Clin Med.
2020;9(11):3770.

Rapaka RR, Reddy V. A study on assessment of postoperative complica-
tions among major abdominal surgeries using Clavien-Dindo classifica-
tion. Int Surg J. 2020;7(6):1788-92.

Kowalewski KF, Muller D, Mhlbauer J, Hendrie JD, Worst TS, Wessels F,
et al. The comprehensive complication index (CCl): proposal of a new
reporting standard for complications in major urological surgery. World
J Urol. 2021;39(5):1631-9. https://doi.org/10.1007/500345-020-03356-z.
Kim TH, Suh YS, Huh YJ, Son YG, Park JH, Yang JY, et al. The comprehen-
sive complication index (CCl) is a more sensitive complication index
than the conventional Clavien-Dindo classification in radical gastric
cancer surgery. Gastric Cancer. 2018;21(1):171-81.

. Slankamenac K, Graf R, Barkun J, Puhan MA, Clavien PA. The compre-

hensive complication index: a novel continuous scale to measure
surgical morbidity. Ann Surg. 2013;258(1):1-7.

Unnisa Shaikh S, Akther MJ. Surgical Apgar score, predictor of post-
emergency abdominal surgery outcome. Jurnalul Chir. 2016;12(4):2-6.
Sobol JB, Gershengorn HB, Wunsch H, Li G. The surgical apgar score is
strongly associated with intensive care unit admission after high-risk
intraabdominal surgery. Anesth Analg. 2013;117(2):438-46.

Wied C, Foss NB, Kristensen MT, Holm G, Kallemose T, Troelsen A. Surgi-
cal apgar score predicts early complication in transfemoral ampu-
tees: retrospective study of 170 major amputations. World J Orthop.
2016;7(12):832.

Regenbogen SE, Lancaster RT, Lipsitz SR, Greenberg CC, Hutter MM,
Gawande AA. Does the surgical apgar score measure intraoperative
performance? Ann Surg. 2008;248(2):320-8.

Regenbogen SE, Ehrenfeld JM, Lipsitz SR, Greenberg CC, Hutter MM,
Gawande AA. Utility of the surgical apgar score: validation in 4119
patients. Arch Surg. 2009;144(1):30-6. https://doi.org/10.1001/archs
urg.2008.504.

Singh K, Hariharan S. Detecting major complications and death after
emergency abdominal surgery using the surgical apgar score: a retro-
spective analysis in a caribbean setting. Turkish J Anaesthesiol Reanim.
2019;47(2):128-33.

Hag A, Patil S, Parcells AL, Chamberlain RS. The simplified acute
physiology score Il is superior to the simplified acute physiology score
Il'and acute physiology and chronic health evaluation Il in predicting
surgical and ICU mortality in the “oldest old.” Curr Gerontol Geriatr Res.
2014,2014(Saps 1i):10-3.

Hildreth AN, Fletcher K, Nunes AB, Merrill AY, Miller PR. NSQIP risk
calculator has limited utility for preoperative counseling of emergency
general surgery patients. J Am Coll Surg. 2016,223(4):e22. https://doi.
org/10.1016/j.jamcollsurg.2016.08.059.

Kulkarni SV, Naik AS, Subramanian N. APACHE-II scoring system in
perforative peritonitis. Am J Surg. 2007;194(4):549-52.

. Ngulube A, Muguti GI, Muguti EG. Validation of POSSUM, P-POS-

SUM and the surgical risk scale in major general surgical opera-

tions in Harare: a prospective observational study. Ann Med Surg.
2018;2019(41):33-9. https://doi.org/10.1016/j.amsu.2019.03.007.
Barazanchi A, Bhat S, Palmer-Neels K, MacFater WS, Xia W, Zeng |, et al.
Evaluating and improving current risk prediction tools in emergency
laparotomy. J Trauma Acute Care Surg. 2020;89(2):382-7.


http://search.ebscohost.com/login.aspx?direct=true&AuthType=cookie,ip,shib&db=awn&AN=aas-94543&site=ehost-live%5Cn
http://search.ebscohost.com/login.aspx?direct=true&AuthType=cookie,ip,shib&db=awn&AN=aas-94543&site=ehost-live%5Cn
http://www.ajol.info/index.php/aas/article/view/94543
http://www.ajol.info/index.php/aas/article/view/94543
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.1007/s00345-020-03356-z
https://doi.org/10.1001/archsurg.2008.504
https://doi.org/10.1001/archsurg.2008.504
https://doi.org/10.1016/j.jamcollsurg.2016.08.059
https://doi.org/10.1016/j.jamcollsurg.2016.08.059
https://doi.org/10.1016/j.amsu.2019.03.007

Kyaruzi et al. BMC Surgery (2023) 23:194 Page 10 of 10

33. Chandra A, Mangam S, Marzouk D. A review of risk scoring systems
utilised in patients undergoing gastrointestinal surgery. J Gastrointest
Surg. 2009;13(8):1529-38.

34, Haddow JB, Adwan H, Clark SE, Tayeh S, Antonowicz SS, Jayia P, et al. Use
of the surgical Apgar score to guide postoperative care. Ann R Coll Surg
Engl. 2014;,96(5):352-8.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

e rapid publication on acceptance

e support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations

e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Surgical Apgar Score can accurately predict the severity of post-operative complications following emergency laparotomy
	Abstract 
	Background 
	Objective 
	Methods 
	Results 
	Conclusion 

	Introduction
	Material and methods
	Study area
	Sample estimation and selection
	Data collection and measurements
	Ethical clearance

	Results
	Perioperative clinical characteristics of the patients
	Severity pattern for a 30-day post operative complication
	The correlation of comprehensive complication index and surgical Apgar score
	The accuracy of SAS for prediction of post-operative complication severity

	Discussion
	Strengths and limitations

	Conclusion
	Appendix
	Acknowledgements
	References


