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Abstract
Objective: to evaluate non-cardiac surgical patients using the ACS-NSQIP to predict the risk of 

pneumonia, cardiac complications and venous thromboembolism within the first 30 postoperative 
days in patients undergoing non-cardiac surgery. 

Methods: this was a single-center, cross-sectional, correlational study in patients treated by the 
surgery department of the Hospital del Instituto Venezolano de los Seguros Sociales (IVSS) “Dr. 
Miguel Pérez Carreño”, using the ACS-NSQIP calculator and standardized scales to compare the 
Lee, ACP and Caprini indices before surgery and during telephone follow up focused on the respec-
tive postoperative complications 15 and 30 days after surgery. 

Results: of the 98 total patients who were followed, the mean age was 55 ± 14, and 53 (54.1%) 
were female. Overall, there were 23 complications in 22.4% of the population; pneumonia was the 
most frequent with 14 subjects (14.2%), followed by seven (7.2%) with cardiovascular complica-
tions and two (2.02%) with venous thromboembolism. The estimated risk for pneumonia was AUC 
0.695 (p = 0.017), and for cardiac complications was AUC 0.739 (p = 0.036), showing a significant 
association with the respective event. 

Conclusion: the universal ACS-NSQIP risk calculator has acceptable utility for predicting 
postoperative complications such as pneumonia and cardiovascular events. (Acta Med Colomb 
2021; 46. DOI: https://doi.org/10.36104/amc.2021.1853).

Key words: risk assessment, preoperative care, pneumonia, cardiovascular disease, venous 
thromboembolism 

Assessment of non-cardiac surgical patients 
using the ACS-NSQIP calculator to predict the 
risk of pneumonia, cardiac complications and 
venous thromboembolism

Indhira Pachano-García, Jairo Rojano-Rada, Oswaldo Rodríguez-Arbeláez 
• Caracas (Venezuela)

Dra. Indhira Pachano-García: Miembro Centro 
Biomédico de Investigación del Postgrado de 
Medicina Interna (CEBIMI); Dr. Jairo Rojano 
Rada: Director del Centro Biomédico de In-
vestigación del Postgrado de Medicina Interna 
(CEBIMI);  Dr. Oswaldo Rodríguez-Arbeláez: 
Jefe del Grupo de Preoperatoria e Interconsulta 
del Centro Biomédico de Investigación del 
Postgrado de Medicina Interna (CEBIMI). 
Universidad Central de Venezuela, Sede 
Hospital Central del Instituto Venezolano 
de los Seguros Sociales “Dr. Miguel Pérez 
Carreño”. Caracas (Venezuela).
Correspondencia: Dr. Jairo Rojano-Rada. Ca-
racas (Venezuela).
E-mail: cebimehmpc@gmail.com
Received: 20/IV/2020 Accepted: 1/XII/2020

Introduction
Over the last decades, the world’s population has 

experienced an increase in the prevalence of chronic 
noncommunicable diseases (NCDs) (1) such as obesity, 
hypertension, atherosclerosis and type 2 diabetes mellitus, 
with an estimated 15 million deaths per year in people 
between the ages of 30 and 69. This is a consequence of 
rapid and unplanned urban development, the globalization 
of unhealthy lifestyles and population aging increasing the 
prevalence of cardiovascular diseases (CVDs), which are 
currently the first cause of death worldwide (70%). 

Preoperative assessment is a challenge in this setting, 
since pulmonary complications are as common and morbid 
as cardiac complications, with an elevated mortality rate 
close to 50%, which is also reflected in the data reported 
by the national surgical quality improvement program 

(NSQIP), in which postoperative pulmonary complications 
reached 6% (2, 3). Likewise, cardiovascular events require 
attention in order to identify risk groups, as a 3% incidence 
has been documented, and venous thromboembolism-DVT 
(deep vein thrombosis, pulmonary embolism) constitutes 
another complication with elevated morbidity and mortal-
ity which affects approximately one in every four general 
surgery patients who do not receive preventive measures 
(4). Pulmonary embolism is one of the most common pre-
ventable causes of inpatient death following surgery (5).

In light of these considerations, the goal of physicians 
involved in preoperative assessment is to detect risk fac-
tors that may increase surgical complications beyond the 
baseline and propose strategies to reduce the risk. To do 
this, patients must be stratified according to the possible 
perioperative adverse events. For cardiovascular adverse 
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events, Goldman, Detsky and Lee indices can be used; 
the Caprini scale is valid for evaluating the risk of venous 
thromboembolism (VTE) in surgical patients; and while 
no stratification models for pulmonary risk in general sur-
gery have been validated to date, the American College of 
Physicians (ACP) has adopted some specific respiratory 
complication risk estimation scales (6-10).  

The American College of Surgeons National Surgical 
Quality Improvement Program’s (ACS-NSQIP) surgical 
risk calculator is an interactive risk tool first published in 
2013 as an online software which requests information on 
demographic data, functional status, comorbidities and the 
American Society of Anesthesiologists’ (ASA) functional 
class classification (11). 

The importance of this study lies in the fact that the 
Hospital Central del Instituto Venezolano de los Seguros 
Sociales (IVSS) Dr. Miguel Pérez Carreño handles a high 
volume of surgery, which has been limited by the socio-
economic crisis facing the country. Thus, we believe it is 
necessary to compare the ACS-NSQIP calculator to stan-
dardized risk indices for pneumonia, cardiac complications 
and venous thromboembolism.  

Materials and methods
Study design and location

This is a single-center, cross-sectional correlational 
study in patients over the age of 35 undergoing noncardiac 
surgeries under the care of general surgery, obstetrics-
gynecology, urology, plastic surgery, neurosurgery and 
trauma at the Hospital Central del IVSS “Dr. Miguel 
Pérez Carreño,” who were seen for internal medicine and 
emergency preoperative consultation by the previously 
mentioned services between June 2018 and March 2019. 
Patients who were transferred to another hospital, were 
discharged from the hospital, or had pneumonia, DVT 
or a cardiovascular event at the time of assessment were 
excluded.  

A registration form was created on which to record the 
admission medical chart number, past medical history, 
surgical intervention data, physical exam, and data on post-
anesthesia recovery, resuscitation, intensive care unit stay, 
preoperative risk indices results and 30-day postoperative 
follow up. For consistency, the same person carried out 
the entire medical chart review and physical exam, entered 
all the patients in the risk calculator (assigning them all 
a CPT code) and stratified the risk using the Lee, ACP 
pneumonia and Caprini scale scores. The outcomes found 
after the surgical intervention included pneumonia, VTE 
and cardiovascular complications (myocardial infarction, 
cardiac arrest, pulmonary edema, de novo arrhythmias, 
and cerebrovascular disease). Postoperative follow up was 
carried out through outpatient consults with the respective 
surgical service and/or by telephone, assessing for the 
presence of the previously mentioned morbidities, for up 
to 30 days.  

Data analysis
Continuous variables were summarized using means 

and standard deviation if the distribution was normal or 
medians and interquartile ranges if the distribution was 
not normal. Categorical variables were summarized using 
frequencies and percentages. The calculator’s ability to 
distinguish between patients with or without the respec-
tive complications was summarized using the area under 
a receiver operating characteristic curve (AUC). The 
AUC may range from 0.5-1.0, with higher values indicat-
ing better predictive ability or discrimination. Statistical 
analyses were performed using SPSS 22. P values <0.05 
were considered statistically significant. The results were 
reported in tables and figures. The sample was intentional 
and data imputation was used if underreporting was less 
than 20%, to mitigate this effect.  

Ethics committee review
All the patients signed an informed consent which was 

approved by the Bioethics Committee of the Hospital 
Central del IVSS Dr. Miguel Pérez Carreño, in accordance 
with the Declaration of Helsinki guidelines. 

Results
Epidemiological data and medical conditions of 
patients with noncardiac surgeries 

Ninety-eight patients were selected (Figure 1) with an 
average age of 55 years ± 14, and females accounting for 
54.1% (n = 53). A total of 62.2% (n = 61) of the patients 
had a normal BMI. In terms of surgical service distribu-
tion, general surgery predominated with 73.5% (n = 72), 
and most of the surgeries were elective, with 60.2% (n 
= 59). With regard to preoperative risk scales, the ASA 
categorized 59.2 % (n = 72) as class II. The most frequent 
range on the Lee index was II, with 67.3% (n = 66), and 
53% of the patients (n = 52) were classified as very high 
risk for thromboembolic disease according to the Caprini 
scale. On the ACP pneumonia risk scale used to assess the 
risk of respiratory complications, class II predominated 
with 40.8% (n = 40) (Table 1). 

With regard to functional status, 91.8% (n = 90) of 
the patients were dependent. The three most frequently 
found comorbidities were hypertension 36.7% (n = 36), 
smoking 17.3% (n = 17) and diabetes mellitus 10.2% (n 
= 10) (Table 2).  

Assessment of postoperative complications 
Postoperative complications related to the type of 

surgery were reported in 23.4% (n = 23), with pneumonia 
being the most frequent at 14.2% (n = 14). Most of the 
complications occurred in general surgery patients, ac-
counting for 20.4% (n = 20). With regard to the time of 
onset of postoperative complications, 78.2% (n = 18) of 
the cases occurred in the first 15 days, with pneumonia 
accounting for 50% (n=9), and were related to the group 
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of patients undergoing emergency surgery (52.1% [n = 
12]) (Table 3). 

Assessment of the ACS-NSQIP calculator’s 
performance

Receiver operating characteristic (ROC) curves were 
created for each type of complication. In the general 
analysis, only the ROC curves for pneumonia (ABC: 0.695 
95%CI [0.54-0.85], p = 0.017) and cardiac complications 
(ABC: 0.739 IC 95% [0.55-0.93], p = 0.036) were signifi-
cant. The Lee and ACP standards did not have statistical 

Table 1. Sociodemographic characteristics of noncardiac surgical patients at Hospital del 
IVSS “Dr. Miguel Pérez Carreño”.

Variables Statisticsn (%)

       N    98 (%)

Age (years) (*)    55 ± 14

Sex

     Female 53 (54.1)

     Male 45 (45.9)

Body mass index (BMI)

     Underweight  2 (2)

     Normal 61 (62.2)

     Overweight 21 (21.4)

     Obesity 14 (14.3)

Surgical service

     General surgery 72 (73.5)

     Trauma surgery 16 (16.3)

     Neurosurgery 4 (4.1)

     Urology 4 (4.1)

     Obstetrics and gynecology 2 (2)

Emergency surgery

     Yes 39 (39.8)

     No 59 (60.2)

ASA classification

     I (healthy patient) 25 (255)

     II (mild systemic disease) 58 (59.2) 

     III (severe systemic disease) 15 (15.3) 

Lee cardiac index

     Class I      28 (28.6)

     Class II     66 (67.3)

     Class III     4 (4.1)

Caprini scale

     Low 6 (6.1)

     Moderate 8 (8.2)

     High    32 (32.7)

     Very high    52 (53.1)

ACP scale

     Class I 33 (33.7)

     Class II 40 (40.8)

     Class III 25 (25.5)

IVSS: Instituto Venezolano de los Seguros Sociales [Venezuelan Social Security 
Institute].
American College of Physicians (ACP) scale. 
(*) mean ± standard deviation.
Source: prepared by the authors based on the study findings. 

Figure 1. Flowchart of the selection of noncardiac surgery patients at Hospital del IVSS 
Dr. Miguel Pérez Carreño.

Table 2. Medical conditions of noncardiac surgical patients at Hospital del IVSS “Dr. 
Miguel Pérez Carreño”.

Medical conditions n %

Functional status

     Independent 90 91.8

     Partially dependent 7 7.1

     Dependent 1 1.0

Hypertension 36 36.7

Smoker ‡ 17 17.3

Diabetes mellitus 10 10.2

Dyspnea 5 5.1

Steroids* 2 2.0

Ascites* 2 2.0

Disseminated cancer 2 2.0

Heart failure* 1 1.0

COPD 1 1.0

Acute renal failure || 1 1.0

*In the last 30 days.
‡ In the last year.
|| >3mg/dLof creatinine.
Source: prepared by the authors based on the study results. 
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Table 3. Report of postoperative complications in noncardiac surgery patients by type of surgery and time of onset. 

Pneumonia CV DVT Total

n % n % n % n %

Surgery 11 55.0 7 35.0 2 10.0 20 100.0

Neurosurgery 2 100 0 0.0 0 0.0 2 100.0

Urology 1 100 0 0.0 0 0.0 1 100.0

                                                 Total 14 60.9 7 30.4 2 8.7 23 100.0

Less than 15 days after surgery 9 50.0 7 38.9 2 11.1 18 100.0

15 days or more after surgery 5 100.0 0 0.0 0 0.0 5 100.0

                                                 Total 14 60.9 7 30.4 2 8.7 23 100.0

Cases out of the total population (n=98) 14 14.2 7 7.1 2 2.0 23 23.4

Abbreviations: CV= cardiovascular; DVT = deep vein thrombosis.
Source: prepared by the authors based on the study results.

significance in the ROC risk estimate of cardiovascular 
complications or pneumonia, with ABC values of 0.560 
95%CI [0.37-0.75], p = 0.601  and  ABC: 0.624 95%CI 
[0.48-0.77], p = 0.140, respectively (Figures 2-4). The 
ROC curve for the Lee standard is not included in the cited 
figures. Of these, only VTE had a narrow confidence inter-
val; however, it was not ultimately statistically significant 
for the ABC. 

Discussion
In this study, the ACS-NSQIP calculator was compared 

with the Lee, Caprini and ACP scales. The sample was 

characterized by being largely female, in the sixth decade 
of life, and predominantly from the general surgery service, 
which coincides with the study (12) carried out in Caracas 
at the Hospital del IVSS Dr. Domingo Luciani. However, 
these studies are not consistent with the age and sex of the 
patients described by Müller et al. (13).  

In the study by Contreras M (14), most of the patients 
were in ASA class I, and the top three medical conditions 
reported were dyslipidemia, cavities and obesity. These 
findings differ from the results of the current study, in which 
we showed that the greatest number of cases were in ASA 
class II, and hypertension, smoking and diabetes were the 

Figure 2. NSQIP receiver operating characteristic (ROC) curves for pneumonia and 
pneumonia complications.

AUC de ACP = 0,624 (p = 0,140)
AUC de NSQIP-neumonía: 0.695 (p = 0,017)
Comparación entre curvas ROC: p = 0,348
Fuente: preparado por los autores a partir de los resultados del estudio

AUC de Caprini = 0.620 (p = 0.735)
AUC de NSQIP-TVP: 0.586 (p = 0.631)
Comparación entre curvas ROC: p = 0.949
Fuente: preparado por los autores a partir de los resultados del estudio

Figure 3. NSQIP receiver operating characteristic (ROC) curves for DVT and DVT 
complications. 
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of 0.586 (p = 0.631); this was not significant, probably due 
to the scant number of events. This result is also comparable 
with the conclusions of Yap et al. (19) who showed that 
the ACS-NSQIP calculator had good predictive ability for 
pneumonia (AUC 0.93), all-cause mortality (AUC 0.89) and 
morbidity (AUC 0.88). However, its prediction was poor to 
average for kidney failure, return to surgery, surgical site 
infection, urinary tract infection and VTE.  

This study is limited by its sample size, a result of the 
problems faced by the Venezuelan healthcare system which 
affect this type of health care and may also have led to the 
low number of events which probably limited the perfor-
mance of the ACS-NSQIP calculator. 

Conclusion
We believe that the calculator (ACS-NSQIP) is a useful 

risk tool for predicting postoperative complications like 
pneumonia and cardiovascular events. However, another 
study with a greater number of patients must be performed 
to detect more events and further validate the predictive 
ability of the calculator in these entities and even in venous 
thromboembolic disease. A weakness of this study is that 
sample size calculation was not performed.  

Financing
This study was financed by Centro Biomédico de Investigación en Medicina Interna-
CEBIMI. 

References
1.	 Forouzanfar M, Alexander L, Anderson R, Bachman V, Biryukov S, et al. 

Global, regional, and national comparative risk assessment of 79 behavioural, 
environmental and occupational, and metabolic risks or clusters of risks in 188 
countries, 1990–2013: a systematic analysis for the Global Burden of Disease 
Study 2013. Lancet. Vol 386, Dec 2015, p2287-2323. doi: 10.1016/S0140-
6736(15)00128-2. 

2.	 Arozullah A, Khuri S, Henderson W, Daley J. Development and Validation of 
a Multifactorial Risk Index for Predicting Postoperative Pneumonia after Major 
Noncardiac Surgery. Ann. Intern. Med. 2001; 135(10):847. doi: 10.7326/0003-
4819-135-10-200111200-00005.

3.	 Yang CK, Teng A, Lee DY, Rose K. Pulmonary complications after major 
abdominal surgery: National Surgical Quality Improvement Program analysis. J 
Surg Res. 2015 Oct;198(2):441-9. doi: 10.1016/j.jss.2015.03.028 

4.	 Smilowitz NR, Gupta N, Ramakrishna H, Guo Y, Berger JS. Bangalore S. 
Perioperative Major Adverse Cardiovascular and Cerebrovascular Events Asso-
ciated With Noncardiac Surgery. JAMA Cardiol. 2017 Feb 1;2(2):181-187. doi: 
10.1001/jamacardio.2016.4792. 

5.	 Lindblad B, Eriksson A, Bergqvist D. Autopsy-verified pulmonary embolism in 
a surgical department: analysis of the period from 1951 to 1988. Br J Surg 1991; 
78:849.

6.	 Goldman L, Caldera DL, Nussbaum SR, Southwick FS, Krogstad D, Murray 
B, et al. Multifactorial index of cardiac risk in noncardiac surgical procedures. N 
Engl J Med. 1977; 297: 845–50.

7.	 Detsky AS, Abrams HB, Forbath N, Scott JG, Hilliard JR. Cardiac assessment 
for patients undergoing noncardiac surgery. A multifactorial clinical risk index. 
Arch Intern Med. 1986; 146: 2131

8.	 Lee TH, Marcantonio ER, Mangione CM, Thomas EJ, Polanczyk CA, Cook 
EF, et al. Derivation and prospective validation of a simple index for prediction 
of cardiac risk of major noncardiac surgery. Circulation. 1999; 100:1043–9

9.	 Arozullah AM, Khuri SF, Henderson WG, Daley J. Participants in the National 
Veterans Affairs Surgical Quality Improvement Program. Development and valida-
tion of a multifactorial risk index for predicting postoperative pneumonia after 
major noncardiac surgery. Ann Intern Med. 2001 Nov 20;135(10):847-57. doi: 
10.7326/0003-4819-135-10-200111200-00005.

10.	Obi AT, Pannucci CJ, Nackashi A, Abdullah N, Alvarez R, Bahl V, et al. 

Figure 4. NSQIP receiver operating characteristic (ROC) curves for cardiovascular and 
cardiovascular complications.

AUC de Lee = 0.560 (p = 0.601)
AUC de NSQIP-CV: 0.739 (p = 0.036)
Comparación entre curvas ROC: p = 0.753
Fuente: preparado por los autores a partir de los resultados del estudio

three most frequent entities under patient medical condi-
tions. These results could be related to the higher average 
age in our study.  

The main postoperative complication was pneumonia, 
with 60.9%, which is in line with the study by Gupta S. et 
al. (15) in which 48 (81.3%) of 59 patients with postopera-
tive respiratory complications had pneumonia. However, 
its epidemiology varies widely, as shown by Chughtai M 
et al. who reported an incidence of 0.97% (13). The study 
by Fernández E. et al. reported that cases with pulmonary 
complications had smoking, chronic obstructive pulmonary 
disease, diabetes, longer surgeries, intraoperative hypoten-
sion, greater administration of fluid therapy, and transfusions 
as risk factors. It should be noted that our patients coincided 
with the presence of several of these factors. Cardiovascular 
complications occurred in 7.2% of the cohort, a similar find-
ing to that described in previous analyses which estimated 
its occurrence at 5.8% (16). Furthermore, epidemiological 
studies show that the incidence of symptomatic postopera-
tive DVT is approximately 2% after high-risk interventions 
(17), a fact which is comparable with our outcome.  

With regard to the calculator’s performance, the analy-
sis found statistical relationships between risk estimations 
and the occurrence of events for the categories of cardiac 
complications and pneumonia which were even higher than 
the respective Lee and ACP indices. This is comparable 
to the results of Edelstein et al.’s (18) study in which the 
ACS-NSQIP calculator predicted cardiac complications 
(p<0.001) and pneumonia (p <0.001). The opposite occurred 
with VTE, in which the Caprini scale was superior with an 
ROC of 0.620 (p = 0.735) compared to the calculator ROC 



6

Indhira Pachano-García y cols.

Validation of the Caprini Venous Thromboembolism Risk Assessment Model in 
Critically Ill Surgical Patients. JAMA Surg. 2015 Oct;150(10):941-8. doi: 10.1001/
jamasurg.2015.1841

11.	Liu Y, Cohen ME, Hall BL, Ko CY, Bilimoria KY. Evaluation and Enhance-
ment of Calibration in the American College of Surgeons NSQIP Surgical Risk 
Calculator. J Am Coll Surg. 2016 Aug;223(2):231-9. doi: 10.1016/j.jamcoll-
surg.2016.03.040

12.	Cortázar L, Vera J, Giannoni M. Evaluación preoperatoria y riesgo de mortalidad 
posoperatoria en cirugía electiva experiencia en el Hospital Domingo Luciani. 
Rev Venz Med Interna; 32(2): 22-53, 1992.

13.	Müller EM, Herrmann E, Schmandra T, Weigel TF, Hanisch E, Buia A. Report 
of a Quality Improvement Program for Reducing Postoperative Complications by 
Using a Surgical Risk Calculator in a Cohort of General Surgery Patients. World 
J Surg. 2020 Jun;44(6):1745-1754. doi: 10.1007/s00268-020-05393-6. 

14.	Contreras M. Evaluación médica preoperatoria como predictor de riesgo quirúr-
gico y no quirúrgico. Comunidad y Salud. 2010 Jun; 8(1): 083-096.

15.	Gupta S, Fernandes RJ, Rao JS, Dhanpal R. Perioperative risk factors for pul-
monary complications after non-cardiac surgery. J Anaesthesiol Clin Pharmacol. 
2020 Jan-Mar;36(1):88-93. doi: 10.4103/joacp.JOACP_54_19. 

16.	Pantoja H, Ramos H, Tovar W. Sensitivity, specificity and predictive values of 
the Goldman, Detsky and Lee cardiac indices. Rev. Col. Anest. 2014; 42 (3):184-
191. doi.org/10.1016/j.rca.2014.02.005

17.	Wessel N, Gerner T. Thromboembolic complications in ambulatory surgery. A 
retrospective study of 1691 patients. Tidsskr Nor Laegeforen. 1996; 116:615-6.

18.	Edelstein AI, Kwasny MJ, Suleiman LI, Khakhkhar RH, Moore MA, Beal 
MD, Manning DW. Can the American College of Surgeons Risk Calculator 
Predict 30-Day Complications After Knee and Hip Arthroplasty? J Arthroplasty. 
2015 Sep;30(9 Suppl):5-10. doi: 10.1016/j.arth.2015.01.057.

19.	Yap MKC, Ang KF, Gonzales-Porciuncula LA, Esposo E. Validation of the 
American College of Surgeons Risk Calculator for preoperative risk stratification. 
Heart Asia. 2018 May 17;10(2): e010993. doi: 10.1136/heartasia-2017-010993.


