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ABSTRACT
AIMS AND OBJECTIVE: - A STUDY OF EFFICACY OF SURGICAL APGAR

SCORE IN PREDICTING MORBIDITY AND MORTALITY IN PATIENTS
UNDERGOING MAJOR ELECTIVE SURGERIES

STUDY SETTING: All the patients undergoing major abdominal surgeries like open
Cholecystectomy, CBD exploration, gastrectomy, colectomy , abdominal perineal
resections and including thyroid surgeries and modified radical mastectomy will be

included in study ESICMC KALABURGI.
TYPE OF STUDY: - A hospital based prospective study.

MATERIALS AND METHODS: - This study included 100 subjects whose age
ranged from 18 years to 82 years with mean age 46.15 = 15.65 years. The study's
duration was between (2023-2024).The study will involve all individuals undergoing
major surgery. All clinical data, including history, clinical symptoms, and diagnosis, as
well as laboratory and radiological examinations, will be obtained and documented.
Intraoperative results, including operative diagnosis and procedure nature, will be
collected. SAS [Surgical Apgar Score] is determined using the three parameters which
are estimated blood loss [EBL], lowest mean arterial pressure [MAP], and lowest heart

rate [HR].

RESULTS: - Complications occurred in 14 (14%) of 100 subjects in our current study,
including surgical site infection (7%), chest infection (1%), anastomotic leak (1%),
hypotension (2%), myocardial infarction (1%), POD 5-Ischemic stroke with Aphasia
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(1%), post-operative biliary leak (1%), and primary haemorrhage with hypotension
with hypovolemic shock (1%). In our current investigation, there is a significant
difference in the distribution of Total Protein with a mean value of 7.04+0.71 and a p-
value of 0.043MW*, Estimated Blood Loss with a mean value of 227.88+103.94 and a
p- value of 0.00lMW?*, according to the Mann Whitney U test. Similarly, with a mean
value of 73.22+ 8.73 and a p-value of 0.0234MW?*, the lowest heart rate across
morbidity was found. In our current study, a significant difference in mean Lowest
Mean Arterial Pressure across morbidity was found, with a mean value of 64.54+8.47
and a p-value of 0.0298t* using a two sample t test. In our recent study, we identified a
significant variation in the distribution of surgical APGAR[Appearance, Pulse,
Grimace, Activity and Respiration] score over morbidity: APGAR SCORE ranged
from 1 (1%), 3 (3%), 10 (10%), 20 (20%), 31 (31%), and 27 (27%), with a p-value of
0.005MC*.At cut-off 6, the surgical APGAR score has an area under the ROC curve
(AU-ROC) of 0.715, predicting morbidity with 70.93% sensitivity and 64.29%
specificity. The APGAR score after surgery is substantially linked with morbidity (p-
value = 0.0024), according to logistic regression. Morbidity increases by 0.4753 for
every unit increase in surgical APGAR score. As a result, the surgical APGAR score

has a high discriminant power in predicting morbidity.

CONCLUSION: - The surgical Apgar score system aids in the prediction of morbidity
and death following surgery. A lower surgical Apgar score is related with an increased
risk of morbidity or fatality. This score allows surgeons to identify patients who are
most likely to have serious problems or die. By allowing for earlier detection of possible

problems, it allows for improved supervision of patients at higher risk.

Keywords: Surgical Apgar Score, Appearance, Pulse, Grimace, Activity and

Respiration, Estimated blood loss, Mean arterial pressure, Heart rate.

MATERIALS AND METHODS

A. Study design: The proposed study is a hospital based prospective study centered
ESICMC KALABURGI

B. Study participants: Humans
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29


https://inkwise.org/index.php/SIIJ/index
https://inkwise.org/

https://inkwise.org/
Vol 1, Issue 1, 2025

Smart Infrastructure and Innovation Journal

1. Inclusion criteria: All the patients undergoing the following elective surgeries done

under general anesthesia were included in the study:

1. Thyroidectomy 2. Modified Radical Mastectomy 3. Cholecystectomy

4.CBD exploration 5. Colorectal surgeries 6. Gastric resection 7. Incisional Hernia
8. Heller’s Cardiomyotomy

2. Exclusion criteria:

a) Patients under age of 14years

b) Patients undergoing re explorative laparotomy

c¢) Laparotomy converted from laparoscopic surgery.

Sample size -100

Ethical Clearance was sought from the Institutional Ethics Committee

Study procedure: All clinical data including history, clinical findings and diagnosis,
laboratory and radio-logical investigations were collected and recorded. Intra operative
findings included operative diagnosis and nature of procedure. The three parameters
required for SAS that is estimated blood loss, lowest mean arterial pressure and lowest
heart rate were collected, SAS was calculated. The patients were followed upto post

operative day 14 for any complications.
Surgical Apgar score calculation
Patients were categorized into following risk groups based on SAS Risk group

» High risk- Apgar score 0-5
» Medium risk- Apgar score 6-7
» Low risk - Apgar score 8-10
The predicted mortality and morbidity risks were compared with the actual morbidity

and mortality.

List of statistical tests used for data analysis:
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1. All analysis were performed using SPSS version 20.0
2. Demographical data were explained by descriptive statistics
3. Quantitative data were evaluated with t-test
4. Qualitative data were evaluated with chi square test
5. P<0.05 was considered as statistically insignificant

RESULTS

In the present study, 100 subjects were included whose age ranged from 18 years to 83

years with mean age 47.85 + 16.33 years. The following table gives the distribution of

subjects according to mortality.
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Table 3: Distribution of subjects according to mortality.

Mortality Number of subjects (%)
Absent 92 (92%)
Present 8 (8%)

https://inkwise.org/

Vol 1, Issue 1, 2025

As shown in Table 3 out of 100 subjects, 8% died while 92% survived.

o™

Present
8%

Absent
92%

Figure 1: Distribution of subjects according to mortality.

The following table gives the distribution of subjects according to complications.

Table 4: Distribution of subjects according to complications.

Complications Number of subjects (%)
Anastomotic Leak 1 (1%)
Pneumonia 1 (1%)
Hypotension 2 (2%)
Surgical site infection 6 (6%)
| Myocardial infarction 1 (1%)
Ischemic stroke with Aphasia 1 (1%)
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Post-Op Biliary leak 1 (1%)
Primary haemorrhage with hypotension with hypovolemic shock 1 (1%)

As shown in table-4 distribution of subjects according to complications in our present
study showed out of 100 subjects, 14 (14%) had complications which includes- Surgical
site infection-6 (6%), Pneumonia-1(1%), Anastomotic leak-1(1%), Hypotension-
2(2%), Myocardial infarction-1 (1%),Ischemic stroke with Aphasia-1(1%), Post-Op
Biliary leak-1(1%),and Primary haemorrhage with hypotension with hypovolemic
shock-1(1%).

Nil | ] 86%
Primary haemorrhage with hypotension..f§ 1%
Post-Op Biliary leak § 1%
POD 5-Ischemic stroke with Aphasia 1%

Myocardial infarction J§ 1%

Surgical site infection 6%

COMPLICATION

Hypotension 2%
Chest injury 1%
Anastomotic Leak 1%

Figure 2: Distribution of subjects according to complication.

The following table gives the comparison of different variables over morbidity.

Table 5: Comparison of different variables over morbidity.

Morbidity
Variables Sub Category Total p-value
No Yes

18-20 1(1.2%) 1(7.1%) 2 2%)

20-39 34 (39.5%) 0 34 (34%)

40-59 29 (33.7%) 7 (50%) 36 (36%) <0.001M¢
Age (years) 60-79 21 (24.4%) 4 (28.6%) 25 (25%)

>80 1(1.2%) 2 (14.3%) 3(3%)

Mean + SD 46+ 16 58 +17 47.85+16.33 )

0.017™W

Median (Min, Max) 47 (19, 82) 56 (18, 83) 48 (18, 83)

Mean + SD 12.85+1.87 11.63+1.82 12.67+1.9 "
Hemoglobin 0.025"

Median (Min, Max) 13 (7.5,17.5) 11.9 (7.4,13.7) 12.75 (7.4, 17.5)
TLC Mean + SD 11304.6 + 14338.6 9975.6 £ 4581.5 11114.78 +13377.33 0.831MW
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Median (Min, Max) 79230 (1730,136160) 9975 (4390, 22820) 9265 (1730,136160)
Mean + SD 278 +1.2 2.83+£1.58 278 +1.24
Platelet count 0.996MW
Median (Min, Max) 2.61(0.56, 6.71) 2.68 (0.33,5.89) 2.61(0.33,6.71)
Mean + SD 138 +4 136 £6 137.36 +4.64
NA 0.5748MW
Median (Min, Max) 138 (119, 150) 138 (124, 143) 138 (119, 150)
K Mean + SD 4.15+0.49 4.08 +0.56 4.13 +£0.501 0.659"
Median (Min, Max) 4.18 (3.03, 5.50) 4.25(3.10, 5.04) 4.18 (3.03, 5.50) .
Mean + SD 100.2 £ 11.74 08.89 £5.86 100.01 = 11.07
CL 0.197MW
Median (Min, Max) 102 (1.60, 110) 100.50 (90, 107) 102 (1.60, 110)
Mean + SD 21.6+14.6 23.5+85 21.87+13.87
Urea 0.187MW
Median (Min, Max) 19 (3, 123) 22.8(13.7,41) 19.2 (3,123)
Mean + SD 0.83 +£0.69 0.69+0.19 0.81 £0.64 o
Creatinine 0.383
Median (Min, Max) 0.72 (0.36, 6.52) 0.67 (0.41, 1.06) 0.70 (0.36, 6.52)
Mean + SD 0.79+1.16 0.57+£0.38 0.75+1.08
Total Bilirubin 0.417MV
Median (Min, Max) 0.51(0.10, 8.77) 0.39 (0.2, 1.42) 0.50 (0.10, 8.77)
Serum Aspartate | Mean + SD 28.23 +£28.43 25.85+12.39 22(11, | 27.9+26.75 0.599MW
Transaminase Median (Min, Max) 21 (11, 178) 54) 21 (11, 178) )
Mean + SD 87.3+514.1 21.6£10 78.23 +477.35
Serum Alanine Transaminase 0.493MW
Median (Min, Max) 21 (6.7, 4647) 19 (5.2, 46) 21 (5.20, 4647)
Mean + SD 108 + 88 108 +32 108.11 + 82.77
Serum Alkaline Phosphatase 0.150MV
Median (Min, Max) 82 (10, 734) 101 (64, 171) 87.5 (10, 734)
Mean + SD 7.01 £0.8 6.78 +0.53 6.97+0.77
Total Protein 0.107MV
Median (Min, Max) 7.2 (4.6,8.5) 6.87(5.82,7.8) 7.02 (4.6, 8.50)
Mean + SD 4.29+4.53 3.54+0.75 4.18+4.21
Serum Albumin 0.222MW
Median (Min, Max) 3.9 (0.97, 44) 3.4(2.51,4.7) 3.90 (0.97, 44)
Mean + SD 118 £ 52 129 £ 54 119.53 £ 51.83
Random Blood Sugar ) ) 0.525MW
Median (Min, Max) 101 (60, 392) 115 (76, 246) 103 (60, 392)
Mean + SD 14.73 + 238 | 15.72+3.62 14.86 £2.57
Prothrombin Time 0.803MW
Median (Min, Max) 14.30 (5.7, 22) 143 (124,23.2) 14.3(5.7,23.2)
INR Mean + SD 1.20+0.212 1.3+£0.332 1.21+£0.231 0.504MW
Median (Min, Max) 1.15 (0.80, 1.80) 1.20 (0.95, 1.99) 1.15(0.80, 1.99)
Mean + SD 33.1+6.4 31.8+4.9 32.94+6.21
Plasma Thromboplastin Time 0.453MW
Median (Min, Max) 31.40 (22.9, 57.3) 31 (27, 44.8) 31.30 (22.9, 57.3)
Mean + SD 227+ 113 342+ 123 243.28 +120.85 < 0.001MW*
Estimated Blood Loss :
Median (Min, Max) 200 (100, 650) 300 (200, 600) 200 (100, 650)
Mean + SD 73+£8 78 £ 12 73.56 + 8.85 0.071MW
Lowest Heart Rate :
Median (Min, Max) 73 (56, 90) 80 (58, 100) 74 (56, 100)
Lowest Mean Arterial | Mean + SD 65+8 58+ 11 64.38+9.14 0.001%
<.
Pressure Median (Min, Max) 66 (44, 82) 56 (44, 80) 65.5 (44, 82)
2 0 1 (7.1%) 1 (1%)
3 3 (3.5%) 2 (14.3%) 5 (5%)
4 5 (5.8%) 5(35.7%) 10 (10%)
5 22 (25.6%) 2 (14.3%) 24 (24%) <0.001MC*
Surgical APGAR score
6 26 (30.2%) 1 (7.1%) 27 (27%)
7 24 (27.9%) 2 (14.3%) 26 (26%)
8 6 (7%) 1(7.1%) 7 (7%)
Mean + SD 6+1 5+2 577+1.32 0.006M"*
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Median (Min, Max) 6(3,8) 42,8 6(28)
Absent 80 (93%) 12 (85.7%) 92 (929%)

Mortality 0.350M¢
Present 6 (7%) 2 (143%) 8 (8%)

Abbreviation: MC — Chi square test with Monte Carlo simulation, t — Two sample t test,

MW — Mann Whitney U test, * indicates statistical significance.

As shown in the table-3Comparison of different variables over morbidity, from Chi
square test and Mann Whitney U test, it is observed that, there is significant difference

in the distribution of age and Surgical APGAR score over morbidity and their p- value

was found to be< 0.001MC*

Similarly from Mann Whitney U test, it is observed that, there is significant difference
in the, Estimated Blood Loss over morbidity and its p- value was found to be<
0.001MW*_There is no significant difference in the distribution of TLC, Platelet count,
NA, CL, Urea, Creatinine, Total Bilirubin, Serum Aspartate Transaminase, Serum
Alanine Transaminase, Serum Alkaline Phosphatase, Serum Albumin, Random Blood
Sugar, Prothrombin Time, INR and Plasma Thromboplastin Time over morbidity. From
two sample t test, it is observed that, there is significant difference in mean of
Heamoglobin, and its p- value was found to be 0.025" and for Lowest Mean Arterial
Pressure over morbidity p- value was found to be< 0.001%*.There is no significant
difference in the mean of K over morbidity. From Chi square test, it is observed that,

there is no significant association of mortality and morbidity.

Below graph depicts the same as shown in the table-5.
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Figure 3: Distribution of age over morbidity.

:'|—

T

Figure 4: Mean plot of age over morbidity.

As shown in the figure-4 from Chi square test and Mann Whitney U test, it can be seen

that it the mean of age over morbidity has significant distribution.
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Figure 5: Mean plot of hemoglobin over morbidity.

As shown in the figure-5 from two sample t test, it can be seen that the mean

ofthemoglobin over morbidity has a significant distribution.
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Figure 6: Mean plot of TLC over morbidity.

As shown in the figure-6 from Mann Whitney U test it can be seen that the mean of

TLCover morbidity has no significant distribution.

1013

37


https://inkwise.org/index.php/SIIJ/index
https://inkwise.org/

https://inkwise.org/
Vol 1, Issue 1, 2025

Smart Infrastructure and Innovation Journal

- | —

il

FAmriiatiny

W T AL LR

Figure 7: Mean plot of Platelet count over morbidity.

As shown in the figure-7 from Mann Whitney U test it can be seen that the mean of

platelet count over morbidity has no significant distribution.

Figure 8: Mean plot of NA over morbidity.

As shown in the figure-8 from Mann Whitney U test it can be seen that the mean of

NAover morbidity has no significant distribution.
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Figure 9: Mean plot of K over morbidity.

As shown in the figure-9 from Mann Whitney U test it can be seen that the mean of K

over morbidity has no significant distribution.

i

— g

-5

Figure 10: Mean plot of CL over morbidity.

As shown in the figure-10 from Mann Whitney U test it can be seen that the mean of

CL over morbidity has no significant distribution.
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Figure 11: Mean plot of urea over morbidity.

As shown in the figure-11 from Mann Whitney U test it can be seen that the mean of

Urea over morbidity has no significant distribution.
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Figure 12: Mean plot of creatinine over morbidity.

As shown in the figure-12 from Mann Whitney U test it can be seen that the mean of

Creatinine over morbidity has no significant distribution.
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Figure 13: Mean plot of total bilirubin over morbidity.

As shown in the figure-13 from Mann Whitney U test it can be seen that the meanoftotal

bilirubin over morbidity has no significant distribution.
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Figure 14: Mean plot of Serum Aspartate Transaminase over morbidity.

As shown in the figure-14 from Mann Whitney U test it can be seen that the mean

ofSerum Aspartate Transaminaseover morbidity has no significant distribution.
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Figure 15: Mean plot of Serum Alanine Transaminase over morbidity.

As shown in the figure-15 from Mann Whitney U test it can be seen that the

meanofSerum Alanine Transaminaseover morbidity has no significant distribution.

[

Figure 16: Mean plot of Serum Alkaline Phosphatase over morbidity.

As shown in the figure-16 from Mann Whitney U test it can be seen that the mean

ofSerum Alanine Phosphataseover morbidity has no significant distribution.
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Figure 17: Mean plot of Total Protein over morbidity.

As shown in the figure-17 from Mann Whitney U test it can be seen that the

meanofTotal Proteinover morbidity has no significant distribution.

Figure 18: Mean plot of Serum Albumin over morbidity.

As shown in the figure-18 from Mann Whitney U test it can be seen that the

meanofSerum Albuminover morbidity has no significant distribution.
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Figure 19: Mean plot of Random Blood Sugar over morbidity.

As shown in the figure-19 from Mann Whitney U test it can be seen that the mean of

Random Blood Sugar over morbidity has no significant distribution.
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Figure 20: Mean plot of Prothrombin Time over morbidity.

As shown in the figure-20 from Mann Whitney U test it can be seen that the meanof

Prothrombin Timeover morbidity has no significant distribution.
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Figure 21: Mean plot of INR over morbidity.

As shown in the figure-21 from Mann Whitney U test it can be seen that the

meanofProthrombin Timeover morbidity has no significant distribution.

Figure 22: Mean plot of Plasma Thromboplastin Time over morbidity.

As shown in the figure-22 from Mann Whitney U test it can be seen that the mean of

Plasma Thromboplastin over morbidity has no significant distribution.
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Figure 23: Mean plot of Estimated Blood Loss over morbidity.

As shown in the figure-23 from Mann Whitney U test it can be seen that the mean of

Estimated Blood Lossover morbidity has significant distribution.
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Figure 24: Mean plot of Lowest Heart Rate over morbidity.

As shown in the figure-24 from Mann Whitney U test it can be seen that the mean of

Lowest Heart Rate over morbidity has no significant distribution.
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Figure 25: Mean plot of Lowest Mean Arterial Pressure over morbidity.

As shown in the figure-25 from two sample t test it can be seen that the mean of Lowest

Mean Arterial Pressure over morbidity has significant distribution.
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Figure 26: Distribution of surgical APGAR score over morbidity.

As shown in the figure-26distribution of surgical apgar score over morbidity which was
found by the following ways, APGAR SCORE from 2-8 for the study participants with
SAS[surgical APGAR score], 2 (7.10%), 3(14.30%), 4 (35.70%), 5 (14.30%), 6
(7.10%) ,7(14.30%) and SAS 8 (7.10%) respectively.
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Figure 27: Mean plot of surgical APGAR score over morbidity.

As shown in the figure-27 from Chi square test and Mann Whitney U test, it is observed
that, there is significant difference in the distribution of surgical APGAR score over

morbidity.
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Figure 28: Distribution of mortality over morbidity.

As shown in the figure-28distribution of mortality over morbidity,out of 100 subjects,
85.70 % of the study population showed morbidity while 14.30% of the study
participants died over morbidity during the study.

The following table gives Optimal cut-off and accuracy indices of surgical APGAR

score in predicting morbidity.

Table 6: Optimal cut-off and accuracy indices of surgical APGAR score in

predicting morbidity.
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Surgical APGAR score
Cut-off (<) 6
Sensitivity (95% CI) 72.3% (61.6% - 84.2%)
Specificity (95% CI) 68.9% (33.4% - 86.24%)
PPV (95% CI) 93.4% (79.9% - 96.3%)
NPV (95% CI) | 24.7% (17.21% - 55.8%)
AU-ROC (95% CI) 0.715 (0.535, 0.895)
Odds Ratio (95% CI) 0.48 (0.29, 0.75)
p-value 0.002*

As shown in the table-6 optimal cut-off and accuracy indices of surgical apgar score in
predicting morbidity the area under the ROC curve (AU-ROC) for surgical APGAR
score is 0.715 at cut-off < 6 with 72.3% sensitivity and 68.9% specificity in predicting
morbidity.

From logistic regression, it is observed that, surgical APGAR score is significantly
associated with morbidity (p-value = 0.002). With unit increase in surgical APGAR
score, the odds of having morbidity increases by 0.48. Hence, surgical APGAR score

has good discriminant power in predicting morbidity.

Figure 29: ROC curves for surgical APGAR score in predicting morbidity.

As shown in the figure-29,the Receiver Operating Characteristic (ROC) curve for the
SAS had an area under the curve (AUC) of 0.715 (0.535, 0.895) with 70.93% sensitivity
and 64.29% specificity in predicting morbidity
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The following table gives the comparison of surgical APGAR score over morbidity.
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Table 7: Comparison of surgical APGAR score over morbidity.

Surgical APGAR | Morbidity
Total
score No Yes
' Low risk | 6 (7%) 1(7.1%) 7 (7%)
Medium risk 72 (83.7%) 5(35.7%) 77 (77%)
High risk | 8(9.3%) 8 (57.1%) 16 (16%)

https://inkwise.org/
Vol 1, Issue 1, 2025

p-value

<0.001MC¢*

Abbreviation: MC — Chi square test with Monte Carlo simulation, * indicates statistical

significance.

As shown in the table-7 comparision of surgical APGAR score over morbidity, SAS in

predicting low risk was found in 1 (7.14%), similarly for medium risk was found in 5

(35.7%) and for high risk was found in 8 (57.1%) and their p-value was found to be

<0.001M¢* From Chi square test, it is observed that, there is significant difference in

the distribution of surgical APGAR score over morbidity.

Below graph depicts the same as shown in the table-7.
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Figure 30: Distribution of surgical APGAR score over morbidity.

The following table gives the comparison of surgical APGAR score over mortality.

Table 8: Comparison of surgical APGAR score over mortality.

Surgical

score

APGAR |

Mortality

No

Yes

Total

p-value
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2 1(1.1%) 0 1 (1%)

3 3(3.3%) 2 (25%) 5 (5%)

4 79.(9.8%) 1(12.5%) 10 (10%)

5 19 (20.7%) 5 (62.5%) 24 (24%) <0.001MCx

6 127 (29.3%) 0 27 (27%)

7 26 (28.3%) 0 26 (26%)

8 7 (7.6%) 0 7(1%)

Abbreviation: MC — Chi square test with Monte Carlo simulation, * indicates statistical

significance.

As shown in the table-8Comparison of surgical APGAR score over mortality, SAS of
3 2(25%) showed mortality, and for SAS- 4, 1(12.5%) showed mortality and similarly
SAS of 5 showed mortality 5 (62.5%). From Chi square test, it is observed that, there

is significant difference in the distribution of surgical APGAR score over mortality.

Below graph depicts the same as shown in the table-8.
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Figure 31: Distribution of surgical APGAR score over mortality.
The following table gives the comparison of risk groups over mortality.
Table 9: Comparison of risk groups over mortality.

'Surgical APGAR score
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Variable Subcategory | Low risk ' Medium risk High risk Total | p-value
Mortality | No 7 (100%) | 72 (93.5%) 13 (81.3%) | 92(92%) | 0.187"

Yes 0 0 8 (8%) 8 (8%)

Abbreviation: MC — Chi square test with Monte Carlo simulation, * indicates statistical

significance.

As shown in the table-9 Comparison of risk groups over mortality it was found that
participants under high risk-showed mortality by 8 (8%). From Chi square test, it is
observed that, there is no significant difference in the distribution of risk groups score

over mortality.

Below graph depicts the same as shown in the table-9.
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Surgical APGAR score

Figure 32: Distribution of risk groups over morbidity.

DISCUSSION

This 1s hospital based prospective study, titled “A STUDY OF EFFICACY OF
SURGICAL APGAR SCORE IN PREDICTING MORBIDITY AND MORTALITY
IN PATIENTS UNDERGOING MAJOR ELECTIVE SURGERIES”, carried out at
ESICMC KALABURGI. All the patients undergoing the following elective surgeries

done under general anesthesia were included in the study:1. Thyroidectomy 2. Modified
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Radical Mastectomy 3. Cholecystectomy 4.CBD exploration 5. Colorectal surgeries 6.
Gastric resection 7. Incisional Hernia 8.hellers cardiomyotomy . All patients satisfying
inclusion and exclusion criteria were included in study. After receiving approval from
the institutional scientific and ethical committe, the study was carried out.Duration of
the study was from DECEMBER 2023 to NOVEMBER 2024.The components studied
includes, age, subjects according to complication and Comparison of different variables

over morbidity.
We are discussing this study under the following headings

Distribution of subjects according to their age
Distribution of subjects according to mortality
Distribution of subjects according to complications
Comparison of different variables over morbidity
Distribution of age over morbidity

Distribution of mortality over morbidity

Surgical APGAR score in predicting morbidity

ol B AN LI N

Comparison of surgical APGAR score over morbidity

1. Distribution of subjects according to their age
In our present study the data covers measurements from 100 people ranging in age from

18 to 83 years, with a mean age of 47.85 + 16.33 years.

Similarly study done by Thorn et al., 2012,*la total of 223 consecutive general,
vascular, and orthopaedic surgical cases were investigated in a prospective cohort done

and Patients were over 16 to >90 years old.

In another study done by Hyder et al., 2013, ["*maintained a database of surgical
patients as part of institutional participation in the American College of Surgeons

National Surgical Quality Improvement Program (ACS NSQIP) of 3000 patients.

In study, done byVarun Gandhi et al., 2015!%}the age group chosen for the study was
16 and up. 37% of the patients were under the age of 40, 21% were between the ages
of'40 and 50, 19% were between the ages of 50 and 60, and roughly 23% were over the
age of 65. Mortality happened in a score range of 2 to 3.
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Rajgopal et al., 20197 \concluded that in their study 66% of the 100 subjects were
male, 34% were female. 21% were less than 40 years old, 27% were aged between 40

and 50 years, 24% were between 51 and 60 years old, and 28% were over 60 years old.

A total of 13,297 adult patients were enrolled in cohort study done by Lin et al.,
2021"land after excluding patients with missing data (n = 142) and those who had
multiple procedures (n = 16), a total of 13,139 patients were included in the final
analysis. The cohort was largely made up of patients above the age of < 50 (51.6%),
with a mean age of 47.9 years ( £20.6).

2. Distribution of subjects according to mortality

In our current study, out of 100 subjects, 8% died while 92% survived.

Similarly study done by Thorn et al., 2012, lin the general and vascular surgery
cohorts, Eleven individuals in the group died within 30 days of each other, and their
cases were investigated. Four people died as a result of general or vascular treatments.
After undergoing emergency laparotomy and small bowel resection for ischemic
problems, two of these patients were sent to the ICU from the operating room (SAS 5
and 2). A 94-year-old (SAS 5) patient who underwent elective axillofemoral bypass
and developed a postoperative chest infection after being discharged to the ward, and a
35-year-old patient who had undergone a palliative bypass for colorectal cancer
recurrence and was discharged to the ward before developing sepsis and renal failure

(SAS 6).

In another study done by Hyder et al., 2013,7°1272 (9.1%) experienced major

complications or mortality.

In study, done byVarun Gandhi et al., 2015!¢lthere were roughly 43 male patients,
and 21 of them, or about 48.8%, had complications, including mortality, whereas the
other 22 did not.Out of 58 cases, approximately 21 female patients had difficulties,

including mortality, while the remaining 36 people did not.

3. Distribution of subjects according to complications
In our current study, 14 (14%) out of 100 subjects had complications, which included
Surgical site infection (6%), Chest injury 1 (1%), Anastomotic leak 1 (1%),
Hypotension 2 (2%), Myocardial infarction 1 (1%), POD 5-Ischemic stroke with
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Aphasia 1 (1%), Post-Op Biliary leak 1 (1%), and Primary haemorrhage with
hypotension with hypovolemic shock 1 (1%), while 86 (86%) participants didn’t

showed any complications.

Similarly study done by Thorn et al., 2012,7¥lin the general and vascular surgery
cohorts, 30/127 (24%),44 % of the surgeries were classified as emergency. 5/41 (12%)
of patients with scores of 9-10 suffered significant problems within 30 days, with no
mortality. 11/60 (18%) of patients with a score of 7-8 suffered significant problems
with no fatalities. Patients with ratings of 5-6 experienced 11/20 (55%) complications
(three fatalities), while those with grades of 4 or below had 3/5 (60%) issues (one
mortality). In comparison to the SAS, major complications or mortality rose
monotonically. Within 30 days of surgery, 17/87 (20%) patients in the orthopaedic
cohort encountered at least one significant complication, with 7 (8%) dying. 46 percent
of the procedures were classified as emergency. 4/25 (16%) of individuals with a score
of 9-10 suffered serious problems (one mortality). Complications occurred in 6/40
(15%) of patients with a score of 7-8. (one mortality). Complications occurred in 5/19
(26%) of individuals with a score of 5-6, and in 2/3 (66%) of those with a score of 4 or

less (one mortality). In comparison to the SAS, major complications increased.

Varun Gandhi et al., 2015"%evaluated in total, 67 instances (67%) of elective surgery
were performed, with 23 (34%) patients developing complications and 44 (65.7%) not
developing difficulties. About 33 patients (33%) were operated on in emergency
surgery, with 19 (57.5%) developing problems, including mortality, and 14 (42.4%) not
developing issues. The p value was estimated based on the mode of operation and
complications, and it was around 0.50. Breast surgery was performed on 9 of the 68
patients with minor and intermediate cases, with 4 (44.4%) developing problems.
Thyroid surgery was performed on 9 patients, with 2 (22.2%) developing problems. 17
patients had hernia, umbilical, and paraumbilical hernia surgery, with 5 (29.4%)
developing problems. So the majority of cases operated on are basic alimentary
disorders (33) 48.5% of the time, and complications are more common in these patients,
with an average of 16 problems and 3 mortality. About 32 cases were operated on
during the major procedure. One (12.5%) patient suffered a problem after undergoing
Hemicolectomy and complete colectomy surgery. Ventral and incisional hernia repair

was performed on ten individuals, with three (30%) developing problems. One patient
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died as a result of pancreatic necrosectomy (100%).A patient had a splenectomy, which
resulted in complication (100%). Out of the ten patients who underwent cholelithiasis
and CBD exploration, four (40%) experienced problems. In two occurrences of

abdominoperineal surgery, two patients (100%) had problems.

In study, done byVarun Gandhi et al., 2015%of the 23% of patients with a low SAS

(<4), major complications were noted in 41%, and 30-day mortality was seen in 26%.

In another study done by Venkatesh et al., 2019, ["®Ifemale patients experienced 63.2%
more complications than male patients, who experienced 33.3%. Only 20% of
postoperative problems occurred in the elective environment, while 43.9% occurred in
the emergency setting. When complications were compared to operation time, surgeries
that lasted more than 120 minutes had a higher complication rate of 68.6%, but

procedures that lasted less than 120 minutes only had a complication rate of 26.7%.

Choudhari et al., 20228?lundertook a prospective observational study. 45 (20.5%) of

the individuals had complications. The mortality rate was 3.2% (7 out of 220).

4. Comparison of different variables over morbidity
In our current investigation, we discovered that there is significant difference in the
distribution of age and Surgical APGAR score over morbidity using the Chi square test
and the Mann Whitney U test and their p- value was found to be< 0.001M¢* Estimated
Blood Loss with a total mean value of 243.28 £+ 120.85 and its p- value of 0.001MW*
showed significant difference . There is no significant difference in the distribution of
TLC, Platelet count, NA, CL, Urea, Creatinine, Total Bilirubin, Serum Aspartate
Transaminase, Serum Alanine Transaminase, Serum Alkaline Phosphatase, Serum
Albumin, Random Blood Sugar, Prothrombin Time, INR, and Plasma Thromboplastin
Time do not differ significantly by morbidity.In our current study, a significant
difference in mean of Lowest Mean Arterial Pressure over morbidity was found with a
total mean value of 64.38 + 9.14 and its p-value was reported to be < 0.001"*using a
two sample t test. The Hemoglobin showed significantly difference by morbidity and
its p- value was found to be 0.025%.According to the Chi square test, there is no
significant relationship between mortality and morbidity. There is no significant
difference in the mean of K over morbidity. From Chi square test, it is observed that,

there is no significant association of mortality and morbidity.
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In study, done byVarun Gandhi et al., 2015!7%in contrast, only 11% of patients with
a high SAS of (9-10) developed 30-day morbidities, and 4% died within 30 days.
Patients with an SAS of <2 had a relative risk of complications of 13.6 and a relative

risk of 30-day mortality of 239.

Hulliyappa et al., 2022 conducted a study cohort of 400 people aged 15 to 75 years
who were receiving emergency or elective general surgery. SAS were acquired from
anesthesiologist records on anticipated blood loss, lowest heart rate, and lowest mean
arterial pressure. As post-operative outcomes, major complications and mortality
within 30 days of surgery were tracked. Significant complications occurred in 22
(7.41%) of the 297 elective procedures. 38 (36.86%) of the 103 patients who underwent
emergency surgery suffered serious complications. Patients with high-risk SAS scores
(31; 51.67%) had a 5.42 (CI: 3.03-9.70) greater chance of experiencing serious issues
than those with low-risk SAS values (29; 48.33%)).

Choudhari et al. 2022%did a prospective observational analysis in which all adult
patients undergoing emergency and elective general surgical operations were included.
Intraoperative information was collected, and post-operative outcomes were monitored
for 30 days. The lowest intraoperative heart rate, MAP, and blood loss were used to
calculate SAS. The study included a total of 220 patients. All following general surgical
operations were taken into account. Sixty of the 220 cases were emergency, while the

rest were elective.

5. Distribution of mortality over morbidity
In our current study, 85.70% of the study population showed morbidity, while 14.30%
of the study participants died over morbidity during the study.

Observational research was done by Onen et al., 2022 ,®"Participants in the high SAS
category were 18.4 times more likely (95% CI, 1.9-177, p = 0.012) to experience
significant problems, whereas those in the medium SAS category were 3.9 times more
likely (95% CI, 1.01-15.26, p = 0.048) to die. SAS demonstrated a good discriminatory
ability for in-hospital major complications and mortality, with AUCs of 0.75 and 0.77,
respectively. SAS <6 had a sensitivity and specificity of 60.5% and 81.14% for
significant complications, respectively, and 54.8% and 81.3% for mortality. A SAS of

<6 indicates a higher risk of serious complications and/or fatality. SAS has a good
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specificity and a fair discriminating capacity in predicting the likelihood of developing

significant complications and/or mortality after laparotomy.

Haynes et al., 20115 concluded that in 544 patients (9.2%) reported 1 problem during
the first 30 days of postoperative hospitalisation. Those with a Surgical Apgar Score 5
(n = 302) had an adjusted complication rate of 32.9% (relative risk [RR],3.6; 95%
CI,2.9-4.5), whereas those with a score of 10 (n = 238) had a 3.0% adjusted
complication rate (RR, 0.3; 95% CI, 0.1-1.1). The c-statistic of the score for predicting
any complication is 0.70; for mortality, it is 0.77.Reynolds et al., 20115 study says
there were 1,558 burn patients that had surgery. 2.7% of these patients died by day 7
and 5.8% died by day 30. Approximately 2% of patients had a Surgical Apgar Score of

2, while almost 10% had a score of 9. Orthopedic sports/hand (11%), urology (10%),
orthopaedic trauma (8%), general surgery (8%), and neurosurgery (7%) were the most
prevalent subspecialties. Mortality rates ranged from 0% (renal, day 7) to 10.3% (burn,
day 90), with burn, cardiac, emergency, trauma, and vascular patients having the
highest rates. In a handful of the subspecialties, these rates were generally low within
the first 7 days following surgery and remained low through day 90. (ophthalmology,
oral, and renal). Nonetheless, despite being underpowered, analyses of these
subspecialties were carried out in order to simplify understanding of the association

between the Surgical Apgar Score and mortality.

6. Surgical APGAR score in predicting morbidity
The ideal cut-off and accuracy indices of surgical APGAR score in predicting morbidity
were determined in our current study. The area under the ROC curve (AU-ROC) for
surgical APGAR score is 0.715 at cut-oft (<) 6 with 72.3% sensitivity and 68.9%
specificity in predicting morbidity. According to logistic regression, surgery APGAR
score is substantially linked with morbidity (p-value =0.002%). Morbidity increases by
0.48 for every unit increase in surgical APGAR score. As a result, the surgical APGAR

score has a high discriminant power in predicting morbidity.

In another study done by Hyder et al., 2013,[7% the sensitivity, positive predictive
value, and negative predictive value did not change significantly as the sampling
interval increased from instantaneous (shortest) to 10 minutes without overlap (largest),

but there were significant improvements in specificity (79.5% to 82.9% across methods,
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P for trend <0.001) and accuracy (76.0% to 79.3% across methods, P for trend< 0.01).
In multivariate modelling, the predictive value of the SAS, as assessed by the c-statistic,
virtually doubled between the shortest and greatest sampling intervals, rising from ¢ =
+0.012 (P =0.038) to Ac =+0.021 (P =<0.002). Compared to a preoperative risk model,
the net reclassification improvement and integrated discrimination improvement for the
SAS's shortest versus largest sampling intervals were 0.01 (P =0.8) vs 0.06 (P =0.02),
and for integrated discrimination improvement, they were 0.008 (P < 0.01) vs 0.015 (P
<0.001).

Lin et al., 20217 evaluated among 13,139 patients, 68.4% had SASs of 7-10 and 9%
had SASs of 0-4. 7.8% of patients were taken to the ICU immediately following
surgery. Age, gender, American Society of Anesthesiologists (ASA) class, emergency
surgery, and the SAS were all associated with ICU admission. The odds ratios for ICU
admission in patients with SASs of 0-2, 3-4, and 5-6 were 5.2, 2.26, and 1.73,
respectively (P< 0.001). Higher ASA and lower SAS classifications were associated
with higher rates of postoperative ICU hospitalisation following all surgeries. Despite
the fact that the SAS is calculated intraoperatively, it is a useful clinical decision-

making tool for urgent postoperative ICU transfer.

The study cohort done by Hulliyappa et al., 20228'when compared to low-risk
individuals (3; 25%),the risks of dying after general surgery was 11.92 times higher in
high-risk patients (9; 75%). SAS had a sensitivity and specificity of 51.67% and 83.53%
in predicting significant problems, respectively. SAS has a sensitivity and specificity
of 75% and 79.9% in predicting mortality, respectively. SAS is a straightforward and
dependable method for predicting morbidity and 30-day mortality in patients having
surgical procedures requiring intense perioperative monitoring under anaesthesia other

than local.

A prospective observational research was conducted by Choudhari et al., 2022,

[

82ISAS categorized the patients as high risk (0-4), moderate risk (5-8), and low risk (9-
10). Complication and fatality rates were 50% and 8.3% in the high risk group, 23%
and 3.7% in the intermediate risk group, and 4.2% and 0 in the low risk group,

respectively.In general surgery patients, the surgical Apgar score is a simple and

reliable predictor of postoperative morbidity and 30-day mortality. It is applicable to
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all types of surgeries, including emergency and elective procedures, and regardless of

the patient's general condition or the type of anaesthesia and surgery planned.

7. Comparison of surgical APGAR score over morbidity
In our current study comparing surgical APGAR score to morbidity, SAS was found to
predict low risk in 1 (7.14%), medium risk in 5 (35.7%), and high risk in 8 (57.1%),
with a p-value of 0.001MC*, According to the Chi square test, there is a significant

difference in the distribution of surgical APGAR score over morbidity.

Rajgopal et al., 20197 \concluded that the surgical result difference between patients
in each scoring group was statistically significant. Major complications were observed
in 41% of the 23% of patients with aSAS<4, and 30-day mortality was observed in 26%
of the cases. In patients with an SAS of 9-10, on the other hand, only 11% experienced
30-day morbidities, and only 4% died after 30 days. When compared to patients in the
next (higher) category, the incidence of 30-day morbidity and mortality was
substantially higher in each 2-point score category (p<<0.001). Patients with an SAS of
<2 had a relative risk of 13.6 for developing complications and a relative risk of 239
for 30-day mortality. As a result, a patient with a lower surgical Apgar score is more
likely to develop complications and has a higher chance of mortality than a patient with

a high score.

A four-month prospective observational research was done by Onen et al., 2022,
80ISAS was calculated using the obtained data, and patients were divided into three
groups: low (8-10), medium (5-7), and high (0—4). The primary outcomes were serious
complications and mortality in the hospital. As applicable, data were reported as
proportions, means (standard deviation), or medians (interquartile range). The
connection between the SAS and the key outcomes was assessed using inferential
statistics, and the SAS discriminatory ability was determined using receiver-operating

curve (ROC) analysis.

Yakar et al., 2022(%for these retrospective observational analysis patients who
underwent emergency surgery. The SAS was calculated using data from the patients'
post-op examinations, and the mSAS was calculated by adding the duration of the
operation to the data used in the SAS calculation (Surgical duration >8 h; -4 points;

7.01-8 h; -3 points; 5.01-7 h; -2 points; 3.01-5 h; -1 points; 0-3 h; 0 points added). The
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mSAS demonstrated a statistically significant relationship with the overall number of

problems (r=0.360; p=0.001).

SAS and mSAS compliance rates were 98.4% and statistically significant (ICC: 0.984;
p=0.001; p<0.01). The OT should be incorporated in large operations as a clear,
objective, and realistic depiction of the SAS risk score. The mSAS was a good predictor
of postoperative mortality and complications. With the widespread use of electronic
medical record systems and the successful utilisation of pre-operative medical data, the

mSAS can be used as a simple and new scoring system to predict prognosis.

Pittman et al., 2022 discriminating measures, incorporated all 36 included researches.
When the SAS was employed to detect postoperative morbidity, the area under the
receiver operating characteristic curve, or concordance-statistic, ranged from 0.59 in a
general orthopaedic surgery population to 0.872 in an orthopaedic spine surgery
population. When using the SAS to determine mortality, the area under the receiver
operating characteristic curve, or concordance-statistic, ranged from 0.63 in a combined
surgical group to 0.92 in a general and vascular surgery population. The SAS provides
a reasonable and consistent degree of discrimination for postoperative morbidity and

mortality across different surgical professions.

CONCLUSION

In this study, surgical APGAR score is proven to be efficient in predicting post

operative morbidity and mortality in patients undergoing elective surgeries.
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A lower surgical Apgar score is related with an increased risk of morbidity or
mortality. This score allow surgeons to identify patients at higher risk of post

operative complications and early management of the same.

Since only 100 patients were included in the present study, we suggest to include a larger
number of patients for better assessment of surgical APGAR score to predict post

operative morbidity and mortality.

SUMMARY

This hospital-based prospective study was conducted at “ESICMC KALABURGI”, to
investigate "A STUDY OF EFFICACY OF SURGICAL APGAR SCORE IN
PREDICTING MORBIDITY AND MORTALITY IN PATIENTS UNDERGOING
MAJOR ELECTIVE SURGERIES". The study will cover all patients the following

elective surgeries done under general anesthesia were included in the study:

1. Thyroidectomy 2. Modified Radical Mastectomy 3. Cholecystectomy

4.CBD exploration 5. Colorectal surgeries 6. Gastric resection 7. Incisional Hernia
8.Hellers cardiomyotomy

The study covered all patients who met the inclusion and exclusion criteria. The study
was carried out after gaining approval from the institutional scientific and ethical
committee. The study's duration from December 2023 to november 2024. Age,
participants according to complication, and comparison of different variables over

morbidity are among the components addressed.
Following are the salient observations of the study:

1. The measurements were taken from 100 participants ranging in age from 18 to
83 years old, with a mean age of 47.85+16.33 years.

2. In our study, out of 100 subjects, 8% died while 92% survived

3. In our current study, 14 (14%) of 100 subjects experienced complications,

which included surgical site infection 6 (6%), pneumonia 1 (1%), anastomotic
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leak 1 (1%), hypotension 2 (2%), myocardial infarction 1 (1%), Ischemic stroke
with Aphasia 1 (1%), post-operative biliary leak 1 (1%), and primary
haemorrhage with hypotension with hypovolemic shock 1 (1%).

4. Using the Chi square test and the Mann Whitney U test, we discovered that there
is significant variation in the distribution of age over morbidity and Surgical
APGAR scoreand their p- value was found to be < 0.001.

5. There is no significant difference between morbidity and the distribution of
TLC, Platelet count, Na+, CI, Urea, Creatinine, Total Bilirubin, Serum
Aspartate Transaminase, Serum Alanine Transaminase, Serum Alkaline
Phosphatase, Serum Albumin, Random Blood Sugar, Prothrombin Time, INR,
and Plasma Thromboplastin Time in our current study.

6. In our current study, the two sample t test revealed a significant difference in
the mean of haemoglobin, with a p-value of 0.025

7. In the current study, the Mann Whitney U test shows that there is a significant
difference in Estimated Blood Loss over morbidity, with a p-value of 0.001

8. A significant difference was found in mean Lowest Mean Arterial Pressure
across morbidity was identified in our current investigation, with a mean value
of 64.38 £ 9.14 and a p-value of < 0.001 utilising a two sample t test.

9. There is no statistically significant difference in mean K+ over morbidity.
According to the Chi square test, there is no significant relationship between

mortality and morbidity.

10. Using the following methodologies, we discovered a significant difference in
the distribution of surgical APGAR score over morbidity in our current study:
The study participants' APGAR SCORE ranged from 2-8 for the study
participants with SAS[surgical APGAR score], 2 (7.10%), 3(14.30%), 4
(35.70%), 5 (14.30%), 6 (7.10%) ,7(14.30%) and SAS 8 (7.10%) respectively.

11. In our current study, the optimal cut-off and accuracy indices of surgical apgar
score in predicting morbidity are 0.715 at cut-off < 6 with 72.3% sensitivity and
68.9% specificity in predicting morbidity. According to logistic regression,
surgical APGAR score is significantly associated with morbidity (p-value =

0.002). Morbidity increases by 0.48 units for every unit increase in surgical
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APGAR score. As a result, the surgical APGAR score has a high discriminant
power in predicting morbidity.

12. In our current study comparing surgical APGAR score to morbidity, SAS was
found to predict low risk in 1 (7.14%), medium risk in 5 (35.7%), and high risk
in 8 (57.1%), with a p-value of 0.001. According to the Chi square test, there is
a significant difference in the distribution of surgical APGAR score over
morbidity.

13. In our current study, an SAS of 3, 2 (25%) showed mortality, an SAS of 4 ,1
(12.5%) showed mortality, and an SAS of 5, 5 (62.5%) showed mortality.
According to the Chi square test, there is a significant difference in the
distribution of surgical APGAR score over mortality.

14. In our current study, we discovered that participants in the high risk group
showed mortality by 8 (8%). According to the Chi square test, there is no

significant difference in the distribution of risk groups score over mortality.
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