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Can ACS-NSQIP score be used to predict postoperative
mortality in Saudi population?

ABSTRACT

Background: Various scoring systems help in classifying the patient’s risk preoperatively and hence to decide the best
available treatment option. ACS-NSQIP score has been introduced in clinical practice for few years. This study was done
to find out whether there is any difference between predicted mortality from ACS-NSQIP score and observed mortality in
Saudi population.

Methods: This prospective observational study was conducted at Security Forces Hospital, Riyadh, Kingdom of Saudi
Arabia. We included patients undergoing elective and emergency surgical procedures in our hospital. Thirty days mortality
data was collected and then observed to expected (O/E) mortality ratio was calculated. The sample size for our study was
nine hundred and three (903) patients.

Results: The mean ACS-NSQIP mortality risk score (%) for the study was 0.49. Expected number of mortalities was 4.42
while observed mortalities were 11, yielding an O/E ratio of 2.48 (p-value 0.000). We did not find a significant difference
between expected and observed mortalities except for ASA class 3 and 4 patients where expected numbers of mortalities

were lower than observed (p-value < 0.05).

Conclusion: ACS-NSQIP can be reliably used for postoperative mortality prediction especially in lower risk groups.
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Introduction

The occurrence of permanent disability or mortality
from surgical procedures typically ranges from 1 to
3.6% in developed countries. These perioperative
deaths mainly happen in high risk patients group.
It is therefore very important to stratify the patient
risk preoperatively and hence decide about the best
possible surgical procedure and postoperative care.
Postoperative adverse outcomes could not reliably
be predicted by clinical judgment alone.!" Various
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preoperative risk assessment tools have been developed
to help in identifying high risk patients.””’ These tools
complement investigations like cardiopulmonary
exercise testing (3) and biomarkers assays.>* Examples
of these risk assessment tools or scoring systems
include ASA, P-Possum, APACHE Il and Surgical Apgar
score etc.>*!

ACS-NSQIP (American college of Surgeons - National surgical
quality improvement program) is a risk calculator which was
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developed based on data of over 4.3 million operations in
USA from 2013 to 2017. ACS-NSQIP have been found to be
effective in improving the quality of surgical care and also
reducing complications.” The objective of this study is to
find out whether there is any difference between predicted
mortality from ACS-NSQIP score and observed mortality in
Saudi patients having surgical procedures.

Materials and Methods

This was a prospective observational study that was done at
Security Forces Hospital, Riyadh, Kingdom of Saudi Arabia.
Ethical review committee approved (Registration number:
H-01-R-069) this study. Initially, data for patients undergoing
elective and emergency surgeries over a period between
July 2019 to November 2019 was collected. We excluded
pediatric (aged under 18 years) patients from this study.
ACS-NSQIP was calculated for all eligible patients. It uses
20 patient specific variables (e.g., age, BMI, ASA) and the
planned procedure (CPT code) to predict logistic model-based
outcomes for different surgical procedures.!'” All the
preoperative and operative variables which were required to
calculate ACS-NSQIP score were entered into online calculator
and the predicted mortality was documented in anesthesia
chart of individual patient.

Actual mortality data was collected from hospital monthly
mortality reports. Patients outcome was also followed using
our online patient record system. If the patient progress
and outcome could not be accessed by online system, we
contacted patients/relatives via telephone provided in medical
record.

Data was entered in Microsoft Excel and analyzed using SPSS
version 21.0. Descriptive analysis was carried out. Mean with
standard deviations and frequencies were calculated for
continuous and categorical variables respectively.

ACS-NSQIP score for mortality of all the participants was
calculated using the scoring system. Expected number of
mortalities was calculated by multiplying mean risk score of
each group with number of patients in that group. Observed
to expected number of mortalities ratio was calculated.
Binomial test was applied to assess the difference between
expected and observed number of mortalities. P value less
than 0.05 was considered significant.

Results

A total of 903 patients who underwent surgical procedure
were included in the analysis. Mean age of the participants

was 43.5 (=17.5) years and 54% (488) were male. Majority
of the patients belonged to ASA class Il (47%), followed
by class 1 (31.9%). Class Il and IV were 17.5% and 3.7%
respectively. Most of the patients were recruited from
general surgery (34.7%) followed by urology (22.1%)
and orthopedics (21.5%). Other specialties were; plastic
surgery (7.1%), vascular surgery (4.9%), neurosurgery (3.8%),
Gynecology (2.5%), ENT (1.4%) Thoracic (1%) and
Faciomaxillary (1%). Thirty nine (39.5) percent of total patients
were done as emergency cases.

Mean ACS mortality risk score (%) for whole sample was 0.49.
Expected number of mortalities was 4.42 while observed
mortalities were 11, yielding an O/E ratio of 2.48 (p-value
0.00). We developed two risk categories based on ACS
mortality score %; category | (0-1.0) and category Il (more
than 1.0). There was no significant difference in the expected
and observed mortalities in categories I, while observed
mortality was significantly higher than expected mortality
in risk category Il [Table 1].

With respect to ASA class, we did not find a significant
difference between expected and observed mortalities except
for ASA class 3 and 4 where expected numbers of mortalities
were lower than observed (p-value <0.05) [Table 2].

We also assessed the predictability of ACS mortality scores
with respect to surgical specialties. We found that for most
of the included specialties including general surgery, urology,
thoracic, plastic surgery, Faciomaxillary and neurosurgery,
there was no significant difference in the observed and
expected number of mortalities (p-values >0.05) [Table 3].

Discussion

For any scoring system to be regarded as perfect, it needs
to be simple, reproducible, objective and appropriately
applicable to all surgical patients. ASA scoring system is
the most widely used preoperative assessment tool as it
is simple and easy to use.”’ However, it has usually been
questioned due to its subjectivity and inability to reliably
predict postoperative mortality for individual case.!""!

ACS-NSQIP provided healthcare services with tools, analyses,
and reports to make informed decisions about improving quality
of care.! It could be applied to multiple surgical specialties
with the goal of discrete output.'?’ ACS NSQIP tool has been
tested with variable results in different surgical specialties
including colorectal, pancreatic, reconstruction, gynecological,
orthopedics, urologic and neurosurgical operations.!'*'
Dahlke et al.”® showed favorable predictive accuracy of the
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Table 1: Risk category specific

comparison of expected and observed mortality by ACS

Risk category (ACS score %) Number of Mean Risk Expected number Observed number 0/E ratio P
patients score % of mortalities of mortalities
Risk categories based on quartile of risk scores %
IUpto 1.0 841 0.08 0.672 5 1.44 0.50
Il more than 1.0 62 6.10 3.782 6 1.586 00
Overall 903 0.49 4.42 11 2.48
Risk categories based on emergency vs elective
Elective 546 0.99 5.40 2 0.37 00
Emergency 357 0.98 3.49 9 2.57 00
Table 2: Comparison of expected and observed mortalities with respect to ASA class, duration of surgery and laparotomy
ASA class Number of Mean Risk Expected number Observed number 0/E ratio P
patients score % of mortalities of mortalities
1 288 0.13 0.374 0 0 0.31
2 424 0.1 0.42 0 0 0.16
3 158 0.79 1.24 5 4.03 0.04
4 33 7.28 2.4 6 2.5 00
Table 3: Comparison of expected and observed mortalities with respect to specialty
Specialty Number of Mean Risk score  Expected number of Observed number of 0/E ratio P
patients % mortalities mortalities
Neuro surgery 34 0.63 0.21 0 0 0.93
ENT 12 0.92 0.1 1 9.0 0.00
GS 308 0.32 0.98 5 5.1 0.19
Thoracic 9 0.61 0.054 0 0 0.99
VS 43 3.94 1.69 1 0.61 0.00
Urology 199 0.38 0.75 1 0 0.55
Gynecology 22 0.05 0.01 1 0 0.02
Orthopedics 192 0.28 0.53 2 3.77 0.00
PS 64 0.02 0.013 0 0 0.93
Faciomaxillary 9 0.02 0.002 0 0.99

ENT: Ear, nose and throat, GS: General surgery, VS: Vascular surgery, PS: Plastic surgery

tool in general and colon surgery group of patients. In another
study by Mogal et al.,*"! ACS-NSQIP was found to have good
accuracy in outcome prediction for patients undergoing
pancreaticoduodenectomy. While some other studies found
limited predictive value of ACS-NSQIP in patients undergoing
other types of surgeries. Cologne et al.?? reported that this tool
could not reliably predict the risk after laparoscopic colectomy.
Also, it did not reliably predict complications in patients having
knee and hip replacements, soft tissue sarcoma resection,
and total laryngectomy.">*24 We in our study found that ACS
NSQIP reliably predicted postoperative mortality in patients
undergoing general surgery, urology, thoracic, plastic surgery,
Faciomaxillary and neurosurgery.

There is limited literature available regarding the accuracy of
ACS NSQIP in acute care surgeries. There are many variables
that can affect the risk estimations in patients undergoing
emergency surgery compared to elective surgery.” Hyder
et al.”® showed that ACS NSQIP slightly underestimated the
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risk of emergency general surgery (EGS) compared to risk of
elective surgery. While these differences were statistically
significant, these were small with observed to expected
mortality ratio of 1.03 for EGS. So they concluded that this
tool is applicable to both types of surgeries. In our study, ACS
NSQIP as overall did not reliably predict the postoperatively
irrespective of whether it was elective or emergency surgery.

Our sample size included variety of surgical specialities
which provide good representation of our practice, although
small number of observed deaths may affect the power of
study. A future study with larger sample is recommended. In
conclusion, ACS-NSQIP can be reliably used for postoperative
mortality prediction especially in lower risk groups.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

Saudi Journal of Anesthesia / Volume 16 / Issue 2 / April-June 2022



Huda, et al.: ACS-NSQIP mortality prediction in Saudi population

References

10.

11.

12.

14.

Liao L, Mark DB. Clinical prediction models: Are we building better
mousetraps? J Am Coll Cardiol 2003;42:851-3.

Adams ST, Leveson SH. Clinical prediction rules. BMJ
2012;16;344:d8312.

Hennis PJ, Meale PM, Grocott MP. Cardiopulmonary exercise testing
for the evaluation of perioperative risk in non-cardiopulmonary surgery.
Postgrad Med J 2011;87:550-7.

Edwards M, Whittle J, Ackland GL. Biomarkers to guide perioperative
management. Postgrad Med J 2011;87:542-49.

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

Copeland GP, Jones D, Walters M. POSSUM: A scoring system for
surgical audit. Br J Surg 1991;78:355-60.

Tsai CL, Chu H, Peng GS, Ma HI, Cheng CA, Hueng DY. Preoperative
APACHE II and GCS scores as predictors of outcomes in patients with
malignant MCA infarction after decompressive hemicraniectomy. Neurol
India 2012;60:608-12.

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;144:30-7.

ACS National Surgical Quality Improvement Program. Available from:
https://www.facs.org/quality-programs/acs-nsqip. [Last accessed on
2021Apr 03].

Cohen ME, Liu Y, Ko CY, Hall BL. An examination of American College
of surgeons NSQIP surgical risk calculator accuracy. J Am Coll Surg
2017;335:787-95.

Moonesinghe SR, Mythen MG, Das P, Rowan KM, Grocott MP. Risk
stratification tools for predicting morbidity and mortality in adult
patients undergoing major surgery: Qualitative systematic review.
Anesthesiology 2013;119:959-81.

American College of Surgeons. American College of Surgeons National
Surgical Quality Improvement Program Surgical Risk Calculator.
Chicago, IL; 2019. Available from: https://riskcalculator.facs.org/
RiskCalculator/. [Last accessed on 2019 Feb 28].

Choi M, Kang CM, Chong JU, Hwang HK, Yoon DS, Lee WJ. Rates
of serious complications estimated by the ACS-NSQIP surgical risk
calculator in predicting oncologic outcomes of patients treated with
pancreaticoduodenectomy for pancreatic head cancer. J Gastrointest
Surg 2019;23:1180-7.

Vaziri S, Wilson J, Abbatematteo J, Kubilis P, Chakraborty S,
Kshitij K, et al. Predictive performance of the American
College of Surgeons universal risk calculator in neurosurgical
patients. J Neurosurg 2018;128:942-7.

Slump J, Ferguson PC, Wunder JS, Griffin A, Hoekstra HJ, Bagher S,

20.

21.

22.

23.

24.

25.

26.

et al. Can the ACS-NSQIP surgical risk calculator predict post-operative
complications in patients undergoing flap reconstruction following soft
tissue sarcoma resection? J Surg Oncol 2016;114:570-5.

Wingert NC, Gotoff J, Parrilla E, Gotoff R, Hou L, Ghanem E. The ACS
NSQIP risk calculator is a fair predictor of acute periprosthetic joint
infection. Clin Orthop Relat Res 2016;474:1643-8.

Teoh D, Halloway RN, Heim J, Vogel RI, Rivard C. Evaluation of the
American College of Surgeons national surgical quality improvement
program surgical risk calculator in gynecologic oncology patients
undergoing minimally invasive surgery. J Minim Invasive Gynecol
2017;24:48-54.

Lone Z, Hall S, Terakawa T, Ahmed YE, Elsayed AS, Aldhaam N, et al.
Accuracy of American College of surgeons national surgical quality
improvement program universal surgical risk calculator in predicting
complications following robot-assisted radical cystectomy at a national
comprehensive cancer center. ] Endourol 2019;33:383-8.

Keller DS, Ho JW, Mercadel AJ, Ogola GO, Steele SR. Are we taking
a risk with risk assessment tools? Evaluating the relationship between
NSQIP and the ACS risk calculator in colorectal surgery. Am J Surg
2018;216:645-51.

Dahlke AR, Merkow RP, Chung JW, Kinnier CV, Cohen ME, Sohn MW,
et al. Comparison of postoperative complication risk prediction
approaches based on factors known preoperatively to surgeons versus
patients. Surgery 2014;156:39-45.

Mogal HD, Fino N, Clark C, Shen P. Comparison of observed to predicted
outcomes using the ACS NSQIP risk calculator in patients undergoing
pancreaticoduodenectomy. J Surg Oncol 2016;114:157-62.

Cologne KG, Keller DS, Liwanag L, Devaraj B, Senagore AJ. Use of
the American College of Surgeons NSQIP surgical risk calculator for
laparoscopic colectomy: How good is it and how can we improve it? J
Am Coll Surg 2015;220:281-6.

Edelstein AI, Kwasny MJ, Suleiman LI, Khakhkhar RH, Moore MA,
Beal MD, et al. Can the American College of Surgeons risk calculator
predict 30-day complications after knee and hip arthroplasty? J
Arthroplasty 2015;30:5-10.

Schneider AL, Deig CR, Prasad KG, Nelson BG, Mantravadi AV,
Brigance JS, et al. Ability of the national surgical quality improvement
program risk calculator to predict complications following total
laryngectomy. JAMA Otolaryngol Head Neck Surg 2016;142:972-9.
Bohnen JD, Ramly EP, Sangji NF, de Moya M, Yeh DD, Lee J,
Velmahos GC, et al. Perioperative risk factors impact outcomes in
emergency versus nonemergency surgery differently: Time to separate
our national risk-adjustment models? J Trauma Acute Care Surg
2016;81:122-30.

Hyder JA, Reznor G, Wakeam E, Nguyen LL, Lipsitz SR, Havens JM.
Risk prediction accuracy differs for emergency versus elective cases in
the ACS-NSQIP. Ann Surg 2016;264:959-65.

Staying in touch with the journal

1)

2)

Table of Contents (TOC) email alert

Receive an email alert containing the TOC when a new complete issue of the journal is made available online. To register for TOC alerts go to

www.saudija.org/signup.asp.

RSS feeds

Really Simple Syndication (RSS) helps you to get alerts on new publication right on your desktop without going to the journal’s website.
You need a software (e.g. RSSReader, Feed Demon, FeedReader, My Yahoo!, NewsGator and NewzCrawler) to get advantage of this tool.
RSS feeds can also be read through FireFox or Microsoft Outlook 2007. Once any of these small (and mostly free) software is installed, add

www.saudija.org/rssfeed.asp as one of the feeds.

Saudi Journal of Anesthesia / Volume 16 / Issue 2 / April-June 2022

175



