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Predicting Major Complications Following Laparotomy for Gastrointestinal Conditions Using Surgical Apgar Score: A Prospective Analysis in a Nigerian Population

Saminu Muhammad1, Abdurrahman Abba Sheshe2,Abstract
Background: Surgical Apgar score (SAS) is one of the risk assessment tools used in predicting postoperative complications. It is a simple and inexpensive tool composed of three intra-operative variables; lowest heart rate, lowest mean arterial blood pressure, and estimated blood loss, which are scored with a total of 10 points, based on which patients are risk stratified for developing post-operative complications. SAS was found to have good predictive accuracy for post-operative morbidity and mortality.
The main objective of this study was to determine the efficacy of SAS in predicting major complications following laparotomy for gastrointestinal conditions. Materials and Methods: The study was a prospective observational study, conducted in Aminu Kano Teaching Hospital, Kano, Nigeria. Eighty-three adult patients, who required laparotomy for gastrointestinal conditions were recruited. Data was collected using proforma, and patients were followed up for 30 days. The intra- operative parameters for SAS were scored, and according to the scores, patients were risk stratified for developing post-operative complications. The data were analyzed; sensitivity, specificity, and accuracy of the SAS were determined. Results: A total of 83 patients were recruited in the study. About half (44.6%) of the patients developed major post-operative complications and a mortality rate of 7.2%. Most of the patients that died had low SAS. The sensitivity, specificity, accuracy, and AUC of SAS found were: 83.8%. 47.8%, 63.9% and 0.74 (95% CI; 0.63–0.84, P < 0.001) respectively. Conclusion: This study revealed that SAS is efficacious in predicting major complications following laparotomy for gastrointestinal conditions.
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Introduction
Various risk assessment tools have been developed for predicting morbidity and mortality following surgical operations. This is due to many complications associated with surgical operation especially when conducted in an emergency setting.[1] Mortality rate recorded following emergency laparotomy in an international study ranged from 13% to 18% within 30days and rose up to 25% within 2years.[2]  In a regional study conducted in Kenya, Dullo et al[3] found a morbidity rate of up to 40.8% and a mortality rate of 7.9% following laparotomy. However, Ugochukwu et al[4] reported a mortality rate of 18.6% following laparotomy for typhoid ileal perforation in south-eastern Nigeria.
Postoperative complications negatively affect the socioeconomic status of the affected
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patients as well as the nation at large; due to loss of man-hours because of increased hospital stay, and due to high cost of care. As a way of minimizing complications related to surgical procedures, clinicians have devised tools to predict post-operative complications,[3,5-7] and stratify patients based on the risk of developing the complications, so that some measures are taken to prevent their occurrence. More so, patients could be triaged for efficient utilization of health resources. These tools include Acute Physiological and Chronic Health Evaluation (APACHE) score, Physiological and Operative Severity Score for the enumeration of Mortality (POSSUM), American Society of Anesthesiologists (ASA) classification, Estimation of PhysiologicAbility and Surgical Stress (E-PASS), Simplified Acute Physiologic Score (SAPS II), Mortality Probability Model (MPM II), etc.
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Clinicians require simple risk assessment tools that are composed of limited and readily obtainable variables in most clinical settings. Such a risk assessment tool as the Apgar score in obstetrics; it has these qualities and has been widely accepted by obstetricians for routine clinical use.[8] The growing desire and need for a simple and acceptable tool for routine use by clinicians (surgeons) as enjoyed by the Apgar score led Gawande and his colleagues in 2007 to develop Surgical Apgar score (SAS) in Boston United States.[5,9] This scoring system is very simple, inexpensive, and derived from readily obtainable variables.
[image: ]SAS was developed from a retrospective cohort study on 303 patients who underwent open colectomy at Brigham and Women’s Hospital, Boston, United State.[5] This 10-point risk assessment tool comprises three intra-operative variables, i.e. lowest heart rate, lowest mean arterial blood pressure, and estimated blood loss.[5] These variables are graded; the lowest heart rate from 0 to 4, the lowest mean arterial pressure, and the estimated blood loss is graded from 0 to 3 each as depicted in Appendix Table 1.[5] The total points to be scored are 10-points. Based on the scores, patients are stratified according to their risk for developing post-operative complications: High-risk group (0–4 SAS), moderate risk (5–7 SAS), and Low risk (8–10 SAS).[1] There was a significant association between SAS scores and the development of post-operative complications.[5]
SAS was validated for use in many surgical specialties including general surgery, vascular surgery, neurosurgery, urology, orthopedics etc..[5,9] Similarly it was validated in a large international multicenter prospective study conducted on 5,909 patients who underwent non cardiac surgical operations.[9] It has been used for predicting postoperative complications in many surgical operations and has shown hope in evaluating interventions to halt poor post-operative outcomes.[3,6,7]Regenbogen et al. in a retrospective study conducted on patients who underwent general and vascular surgical procedures, found that SAS can be used to identify patients at high or low risk for developing post-operative complications or death.[6] SAS was also found useful in predicting morbidity and mortality especially the low surgical Apgar score following laparotomy.[10] In a similar study conducted in Kenya, Dullo et al[3] reported that surgical Apgar score could be used in risk stratification of patients for developing major post- operative complications following laparotomy.[3]
The SAS has been found to be efficacious in predicting postoperative complications including mortality.[3,10]  It was found to have good predictive accuracy for morbidity following laparotomy in the Kenyan study.[3] Chitra et al10 in their study on patients who underwent laparotomy found that surgical Apgar score has high sensitivity (94.87%) and low specificity (26.83%) in predicting post- operative complications.[10] The positive and negative predictive values of 55.2% and 84.6% respectively, and the accuracy of 60.0% were recorded in the same study.[10] In another study conducted on patients who had emergency

abdominal surgery in the Caribbean.[11] They found 73.0% sensitivity and40.0% specificity of SAS in predicting major complications.[11] They also found that SAS has moderate accuracy in predicting postoperative complications, with an AUC of 0.71 (95% CI, 0.68–0.73; P < 0.001).[11]
Materials and Methods
This study was an observational prospective study conducted in Aminu Kano Teaching Hospital, Kano between 1st June 2018 and 31st May 2019; the hospital is a tertiary health care centre in Northwestern Nigeria. Eighty three adult patients who had met the indication for laparotomy for gastrointestinal conditions and consented were enrolled. Ethical approval to conduct the study was obtained from the hospital research and ethics committee.
Bio-demographic  data  and  clinical  characteristics  of the patients were collected using a proforma. The intra- operatives parameters used to arrive at SAS; lowest Heart rate, lowest MAP and Estimated Blood Loss were all documented. The SAS was calculated for all the patients as in Appendix Table 1.[5] Based on the score patents were risk stratified for developing postoperative complications; High- risk group (0–4 SAS), moderate risk (5–7 SAS) and Low risk (8–10 SAS).[1] The patients were followed up for 30 days and postoperative complications and deaths documented.
The data was analyzed using Statistical package for social sciences (SPSS) (Version 22, Armonk, NY IBM Corp.).[12] The quantitative variables-age was summarized using mean, standard deviation and range, while qualitative variables such as sex, type of surgery, complications, etc., were summarized using frequencies, percentages, and or proportions. ROC curved was generated from the SPSS analysis of the SAS and postoperative outcomes, the cutoff point was determined, and AUC obtained. 	patients	
Diagnoses
Number of patients (%)
Peritonitis
23 (27.7)
Ruptured appendix
15 (18.1)
Perforated peptic ulcer diseases
4 (4.8)
Typhoid ileal perforation
4 (4.8)
Intestinal obstruction Colorectal tumour
17 (20.5)
8 (9.6)
Adhesive
4 (4.8)
Inguinal hernia
2 (2.4)
Others
3 (3.6)
Abdominal trauma
12 (14.5)
Obstructive jaundice
5 (6.0)
Gastric cancer
4 (4.8)
Gastric outlet obstruction
3 (3.6)
Enterocutenous fistula
3 (3.6)
Hepatic tumour
2 (2.4)
Gastric GIST
2 (2.4)
Retroperitoneal tumour
2 (2.4)
Others	10 (12.0)	



Table 1: A table displaying the common diagnoses of the


[Downloaded free from http://www.jwacs-jcoac.com on Saturday, October 22, 2022, IP: 2.29.227.49]
Muhammad, et al.: Predicting major complications following laparotomy for gastrointestinal conditions using surgical Apgar score

[Downloaded free from http://www.jwacs-jcoac.com on Saturday, October 22, 2022, IP: 2.29.227.49]
Muhammad, et al.: Predicting major complications following laparotomy for gastrointestinal conditions using surgical Apgar score


Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy of the Surgical Apgar score were obtained using 2-2 contingency table.
Results
A total of 83 patients were studied, and their ages ranged between 18 years and 86 years. Their mean age was
40.2 years and the standard deviation of 17.6 years. The age distribution has been summarized and graphically displayed in form of a histogram shown in Figure 1.
Most of the patients were male, with male to female ratio of 1.5:1 as summarized and displayed in form of a pie chart in Figure 2.
The emergency presentation was the main mode of admission as shown in the doughnut chart in Figure 3.
[image: ]Peritonitis was the most common surgical condition that required laparotomy, and ruptured appendix was the most frequent cause of the peritonitis in the patients studied as depicted in Table 1.

Many of the patients studied had major post-operative complications, and wound infection was the most common post-operative complication as shown in Table 2.
A total of 6 patients died within 30day post-operative periods out of the 83 patients recruited in the study. This gives a 30day post-operative mortality rate of 7.2% rate in this study. The Major complications and mortality in all the risk groups are displayed in Table 3.
Using the SPSS software the SAS and post-operative outcomes in terms of major post-operative complications were entered to produce a ROC curve. It gives a relationship between sensitivity and 1-specificity, and it has shown that SAS is a good test for predicting major post-operative complications.



[image: ]
[image: ]Figure 1: A histogram displaying the age distribution of the 83 patients	Figure 3: Showing a receiver operating characteristics curve (ROC curve)
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Figure 2: A doughnut chart showing the mode of presentations of theSurgical
Apgar score
Risk
group
Counts
(%)
Major
complications (%)
Deaths
(%)
0–4
High risk
28 (33.7)
20 (71.4)
4 (14.3)
5–7
Moderate
49 (59.0)
17 (34.7)
2 (4.1)
8–10
Low
6 (7.2)
0 (0.0)
0 (0.0)



Table 2: A table showing 30day major post-operative complications in the patients
	30days postoperative complications
	Number of patients (%)

	Wound infections
	19 (22.9)

	Wound dehiscence
	6 (7.2)

	Enterocutaneous fistulae
	3 (3.6)

	Severe anaemia
	2 (2.4)

	Others
	7 (8.4)



Table 3: A table showing 30day post-operative major complication rate in the risk groups

patients studied
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 	Table 4: A table showing the area under the curve	

for 48hours or longer, pneumonia, pulmonary embolism,

Area under the curve

P-value	Lower bound 95% CI

Upper bound 9% CI

stroke, wound disruption, deep or organ space surgical site infection, sepsis, systemic inflammatory response syndrome


0.736	<0.001	0.629	0.844	

The area under the curve was automatically calculated by the software, and it depicts the accuracy of the test. The area under the curve was 0.74 (95% CI; 0.63–0.84, P-value<0.0001) from the test result in Table 4.
The cutoff point of 6 determined from the ROC curve was used in the formation of the 2-2 contingency table below.
Therefore,
Sensitivity= 31/37 × 100 =83.8%
Specificity= 22/46 × 100 =47.8%
Positive predictive Value =31/55 × 100 = 56.4% Negative predictive value = 22/28 × 100 =78.6% Accuracy = (31 + 22)/83 × 100 =63.9%
Discussion
This study was done to determine the efficacy of SAS in predicting major post-operative complications following laparotomy for gastrointestinal conditions.The patients studied were between the ages of 18 to 86 years with a mean age of 40.2 years; this showed that majority of the patients who had laparotomy within the period of the study were young adults. In a similar local study conducted by Ugochukwuet al,[4] the mean age of 25.0years was reported.
Peritonitis from ruptured appendicitis was the most common indication for laparotomy in this study, 18.1% of the patients studied had ruptured appendicitis. The second most common indications were penetrating abdominal trauma; 14.5% of the patients had laparotomy due to abdominal trauma as depicted in [Table 1]. A close picture of these findings was reported in a local study conducted in Ibadan by Oyandipo and colleagues.[13] They found that ruptured appendicitis was the most common indication for laparotomy also; accounting for 27.5% of their patients and it was again followed by penetrating abdominal trauma which accounted for 16.2% of the patients studied.[13] However, in the Kenyan study penetrating abdominal trauma was the most common indication for laparotomy; 18.4% of the patients studied had penetrating abdominal injuies.[3]
The definition of major post-operative complications in this study was adapted from the American College of Surgeons National Surgical Quality Improvement Programme (ACS- NSQIP) definition. They defined major post-operative complications as any of the following: “Acute renal failure, bleeding requiring ≥ 4 unit red cell transfusions within 72hours after an operation, cardiac arrest requiring cardiopulmonary resuscitation, coma for 24hours or longer, deep venousthrombosis and septic shock. Others include myocardial infarction, unplanned intubations, ventilator use

and vascular graft failure”.[5,9] In this study the rate of 30day
major post-operative complications was 44.6% and that of 30day mortality was 7.2%. A similar finding was reported in the Kenyan study; the rate of 40.8% and 7.9% of major post-operative complication and mortality respectively was recorded.[3]Ayandipo et al. reported lower mortality and post- operative complication rate in their local study in Ibadan Southwestern Nigeria. They recorded a 9.2% and 2.4% post-operative complication rate and mortality respectively.[13] Moreover, the study design was retrospective; there might be missing data and other biases in data reporting and recording.
[image: ]It was observed in this study that major post-operative complication rate was more common in the high-risk group; the rate of major post-operative complications in this group was found to be 71.4% and 30day mortality of 14.3%. However, in the moderate-risk group, the rate of post-operative major complications was 34.7% and 4.1% mortality rate; while in the low-risk group there was no major complication or mortality recorded, refer to Table 3. The analysis also revealed statistically significant association between SAS and postoperative complications (P < 0.002). These findings conformed to what obtained in most literature. In the study conducted by Ngarambe et al, the mortality of up to 50.0% and post-operative complication rate of 64.0% in the high-risk group were reported, while only 3.0% and 11.0% mortality and major post-operative complication rate were reported respectively in mild risk group.[7] And no mortality or morbidity was documented also in the low-risk group.[7]In the Kenyan study, the rate of post-operative complication was 58.3%, 35.6%, and 16.6% for high risk, moderate, and low-risk group respectively.[3] The same picture was obtained in a study done in Pakistan by Balaga and his colleague; it was found that the rate of major post-operative complications in the high-risk group was 66.6% and the mortality rate was 33.3%, while that of the low-risk group was 8.3% and 0% recpectively.[14]
This study aimed at determining the efficacy of SAS in predicting post-operative morbidity and mortality. And the study revealed a sensitivity of SAS of 83.8%, this showed that SAS has high sensitivity in predicting major post-operative complications following laparotomy for gastrointestinal conditions. This conforms to what was reported in a similar study conducted in south India by Chitra and his collegues[10]; they found a sensitivity of 94.9%. However, both studies recorded a low specificity; in this current study specificity of 47.8% was obtained while in theirs was 26.8%.[10] In another study done by Singh et al,[11] although the study was conducted only on patients who had emergency abdominal surgery in the Caribbean. They found 73.0% sensitivity and 40.0% specificity of SAS in predicting major complications.[11]The positive predictive and negative predictive values of SAS in predicting major post-operative complications in our study were 56.4% and





Table 5: A 2-2 contingency table for risk groups and major
 	post-operative complications	
Postoperative	Postoperative	Total complication (yes) complication (no)
High risk (SAS<6)	31	24	55
Low risk (SAS≥6)	6	22	28
Total	37	46	83  

78.6% respectively. In the Indian study by Chitraet al,[10] they found similar figures to this study with positive and negative predictive values of 55.2% and 84.6% respectively. This showed that SAS in this study has fair positive and good negative predictive values and the findings conformed to what is obtained in the literature.
The accuracy of SAS in this study as deduced from the 2-2 contingency table was 63.9%, Table 5.This finding is similar to what was reported in the study conducted by Chitra and his colleagues in a teaching hospital setting in India.[10] They recorded SAS accuracy of 60.0% in predicting laparotomy as well. However in the study performed by Singh et al, they did not use calculated accuracy from the 2-2 contingency table, they rather used the AUC.[11] In this current study the AUC of 0.74 (95% CI, 0.63–0.84; P < 0.001) was obtained, depicting 74.0% accuracy. And this was closely conformed to what Singh and colleagues found in their study, they found an AUC of 0.71 (95% CI, 0.68–0.73; P < 0.001).[11] From the findings of this study, SAS has a moderate accuracy in terms of predicting major post-operative complication following laparotomy for gastrointestinal conditions. The definition and interpretation of the accuracy from the AUC were adapted from the study by Fisher et al.[15] The AUC of 0.9 depicts high accuracy, AUC of 0.7–0.9 depicts moderate accuracy, and AUC of 0.5–0.7 depicts low accuracy.[15]Even though the study by Singh et al[11] was retrospective while this was prospective, they both revealed similar findings with strong statistical significance. This strongly depicts that SAS has moderate accuracy and is efficacious in predicting major post-operative complications and death.
Conclusion
This study revealed that SAS has moderate accuracy in predicting major complications following laparotomy for gastrointestinal conditions. It is, therefore, an efficacious tool for predicting major complications following laparotomy for gastrointestinal conditions.
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Appendix Table 1: Displaying scoring of points of the SAS parameters
	0 Point	1 Point	2 Points
	3 Points
	4 Points

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

	Lowest MAP (mmHg)
	<45
	45–54
	55-69
	≥70
	

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

	Adapted from Gawande et al.[5]
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