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Background. The burden of cardiovascular disease in patients requiring non-cardiac surgery in Africa is not known. These patients are at 
increased risk for postoperative cardiovascular complications.
Objectives. In this sub-study, to use data on comorbidities and surgical outcomes from two large observational studies, the South African 
Surgical Outcomes Study (SASOS) and the African Surgical Outcomes Study (ASOS), to investigate the prevalence of cardiovascular disease 
in elective surgical patients and the risk of postoperative cardiovascular complications in this population.
Methods. SASOS and ASOS were both prospective, observational cohort studies that collected data over 1 week in each participating centre. 
The primary outcome was in-hospital postoperative complications, which included prespecified and defined cardiovascular complications. 
We defined the cardiovascular disease burden of patients aged ≥45 years presenting for surgery (main objective), determined the relative risk 
of developing postoperative cardiovascular complications (secondary objective) and assessed the utility of the Revised Cardiac Risk Index 
(RCRI) for preoperative cardiovascular risk stratification of elective, non-cardiac surgical patients in Africa (third objective).
Results. The primary outcome analysis of 3 045 patients showed that patients with major cardiac complications were significantly older, 
with a higher prevalence of hypertension, coronary artery disease or congestive cardiac failure, and had undergone major surgery. 
In-hospital mortality for the cohort was 1.2%.
Conclusions. The substantial burden of cardiovascular disease in patients presenting for non-cardiac surgery in Africa is shown in the 
principal findings of this study. The RCRI has moderate discrimination for major cardiac complications and major adverse cardiac events 
in African patients undergoing non-cardiac surgery.
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Cardiovascular disease is the leading cause of death worldwide. 
In surgical patients, the Vascular Events in Noncardiac Surgery 
Patients Cohort Evaluation (VISION) study[1] showed that patients 
with cardiovascular comorbidities had an increased incidence of 
perioperative cardiac complications. The 30-day mortality rate was 
2% in patients aged ≥45 years,[1] and 8% had significant myocardial 
injury that contributed to subsequent morbidity.[2]

The number of patients presenting for surgery in Africa with 
cardiovascular disease is not known. Two large observational studies, 
the South African Surgical Outcomes Study (SASOS)[3] and the 
African Surgical Outcomes Study (ASOS),[4] collected demographic 
and clinical data that could provide insight into this problem. Both 
studies were conducted in a similar manner, as a 7-day snapshot 
of patients aged ≥18 years undergoing any inpatient surgery. The 
South African (SA) cohort comprised 3 927 patients, and the African 
cohort 11 422 patients from 25 countries. The data presented 
in this article will show the burden of cardiovascular disease in 
patients presenting for elective surgery and the risk of developing 
postoperative cardiovascular complications.

Defining perioperative risk requires steps to identify high-risk 
patients who will develop adverse outcomes. This is done prior to 
surgery through risk stratification, where patient comorbidities 
and clinical data are used in risk scores and indices. The Revised 
Cardiac Risk Index (RCRI) is a commonly used risk stratification 
tool and is recommended in international guidelines for preoperative 
cardiovascular risk stratification.[5-7] However, the RCRI only 
provides moderate discrimination to predict postoperative cardiac 
complications.[8,9] The RCRI was derived from a single-centre cohort 
study,[10] and a systematic review of the utility of the RCRI including 
24 cohort studies from across the globe did not include studies from 
African countries.[8] The utility and calibration of the RCRI are 
therefore unknown in African surgical patients.

Objectives
In this sub-study, we defined the cardiovascular disease burden in 
patients presenting for surgery on the African continent and the 
incidence of postoperative cardiovascular complications. We also 
used the RCRI to quantify perioperative risk for complications in 
these patients.

Methods
Data were pooled from two large observational studies. SASOS was 
registered on ClinicalTrials.gov (NCT02141867) and collected data 
from 19 May to 26 May 2014 in 50 hospitals in the public sector. 
ASOS was registered on the South African National Health Research 
Database (KZ_2015RP7_22) and ClinicalTrials.gov (NCT03044899). 
All participating sites received local ethics and regulatory approval 
for participating in SASOS and ASOS. ASOS used a convenience 
sampling strategy in participating African countries between 
February and May 2016. Each country collected data from at least 10 
hospitals, or at least half the surgical centres if there were <10 surgical 
hospitals in the country. Data on all patients undergoing elective and 
emergency surgery procedures that required at least an overnight 
stay in hospital were collected.[4] The primary objective in SASOS 
was in-hospital mortality and the need for critical care admission in 
patients, although some hospitals collected in-hospital complications 
for the International Surgical Outcomes Study (ISOS).[11] The primary 
objective in ASOS was in-hospital complications and the secondary 
objective was in-hospital mortality. Ethics approval for this sub-study 
was given by the Human Ethics Research Committee, University of 
Cape Town, on 6 September 2019 (ref. no. HREC 615/2019).

In this sub-study, the primary objective was to define the 
cardiovascular disease burden of patients aged ≥45 years presenting 
for surgery in the combined SASOS and ASOS data set. Data 
were pooled from hospitals which collected data on the following 
comorbidities associated with adverse cardiovascular outcomes: 
hypertension, diabetes mellitus, stroke, coronary artery disease, 
congestive cardiac failure and chronic renal failure.[6,10]

The secondary objective was to determine the relative risk (RR) 
of developing postoperative cardiovascular outcomes in the SASOS/
ASOS cohort. The cardiovascular outcomes defined in SASOS/
ASOS were myocardial infarction, arrhythmias, pulmonary oedema, 
pulmonary embolism, stroke and cardiac arrest. As a comparison, we 
also used the outcomes defined in the RCRI, which are myocardial 
infarction, pulmonary oedema, ventricular fibrillation or primary 
cardiac arrest, and complete heart block. The data collected in 
SASOS/ASOS were not standardised for cardiovascular outcomes, so 
the definitions are not uniform but overlap with the RCRI in some 
instances.

The third objective was to determine the utility of the RCRI for 
preoperative cardiovascular risk stratification of elective, non-cardiac 
surgical patients in Africa aged ≥45 years. The preoperative RCRI 
risk factors were defined in the original derivation cohort by Lee et 
al.[10] as a history of coronary artery disease, a history of congestive 
cardiac failure, preoperative use of insulin, a history of stroke, a 
preoperative creatinine level >2 mg/dL, and high-risk surgery. The 
equivalent definitions of these risk factors in ASOS were a history 
of coronary artery disease, a history of congestive cardiac failure, a 
history of diabetes mellitus, a history of chronic renal disease, and 
major surgery. The outcome for the third objective was a composite 
of myocardial infarction, pulmonary oedema, and cardiac arrest and 
arrhythmia.

The discrimination of the RCRI for cardiac complications was 
described using the receiver operating characteristic (ROC) and 
area under the curve (AUC). The calibration between the original 
derivation cohort[10] and the ASOS cohort[4] was compared using the 
RR for cardiac complications in the African cohort for each RCRI 
risk factor. The likelihood ratios for low- (0 RCRI risk factors), 
intermediate- (1 - 2 RCRI risk factors) and high-risk (≥3 RCRI risk 
factors) categories were calculated.

Data are presented as number (proportion). In order to compare 
the characteristics of the patient groups with and without cardiac 
complications, the categorical variables were compared using the χ2 
or Fisher’s exact test, as appropriate. Continuous variables were tested 
for normality and summarised using mean and standard deviation 
or median and interquartile range, as appropriate. An independent-
samples t-test was used to compare normally distributed data. Risk is 
presented as RR with 95% confidence intervals (CIs) using MedCalc 
(https://www.medcalc.org/calc/relative_risk.php). Statistical analyses 
were performed using the Statistical Package for the Social Sciences 
(SPSS) version 25 (IBM, USA). The level of significance (α) was set 
at 0.05.

Results
The primary outcome analysis included 3 045 patients (Fig. 1), 
with 810 patients having been excluded owing to missing data. In 
this cohort, 2 048 patients were from South Africa: 989 patients 
from SASOS and 1 059 from ASOS. Table 1 shows the baseline 
characteristics of the cohort. Patients with major cardiac complications 
were significantly older, with a higher prevalence of hypertension, 
coronary artery disease or congestive cardiac failure, and underwent 
major surgery. In-hospital mortality for the cohort was 1.2%.
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The prevalence of cardiovascular disease in the population was 
as follows: hypertension 41.3%, coronary artery disease 4.7%, 
congestive cardiac failure 1.9%, diabetes mellitus 15.0%, stroke 
1.4% and chronic renal disease 2.8% (Table 1). Table 2 shows the 
relative risk of developing cardiovascular complications using two 
different definitions. Coronary artery disease, congestive cardiac 
failure and major surgery were significantly associated with adverse 
cardiovascular events under both the SASOS/ASOS and RCRI 
outcome definitions. Stroke, diabetes and chronic renal disease were 
not associated with cardiovascular outcomes.

The incidence of postoperative cardiovascular complications 
according to the RCRI definition is shown in Tables 3 and 4. 
Missing data necessary to generate the RCRI outcome resulted in 
28 patients with the data necessary for these analyses. The incidence 
of postoperative cardiovascular complications per point increase in 
the RCRI was 0.7%, 1.5%, 4.3% and 15% for 0, 1, 2 and ≥3 points, 
respectively (Table 3). The original index in 1999 showed a risk 
estimate of 0.4%, 0.9%, 6.6% and 11%.[10]

The incidence of postoperative cardiovascular complications 
according to the RCRI categories was 0.73% in the low-risk category, 
1.97% in the intermediate-risk category, and 15% in the high-risk 

category (Table 4). The likelihood ratios for each risk category are 
shown.

The discrimination of the RCRI is shown in the ROC curve for 
major cardiac complications (Fig. 2). It shows an AUC of 0.68 (95% 
CI 0.57 - 0.79). In the original cohort, the AUC was 0.78 (95% 
CI 0.73 - 0.82).[10]

Discussion
This study examined the cardiovascular disease burden of patients 
presenting for non-cardiac surgery on the African continent. In this 
cohort, a large proportion of patients had hypertension (41.3%), a 
history of smoking (18.9%) and diabetes mellitus (15.0%). Patients 
who were older with hypertension, coronary artery disease or 
congestive cardiac failure or were exposed to major surgery had 
an increased risk of postoperative cardiac complications. The 
RCRI demonstrated moderate discrimination for postoperative 
cardiovascular complications in African patients undergoing non-
cardiac surgery, with an AUC of 0.68.

Previous studies have identified the concerning increase in non-
communicable disease on the African continent.[12] Hypertension, 
smoking and diabetes mellitus are known risk factors for 

Table 1. African surgical patients aged ≥45 years

Risk factor Total patients
Patients with major  
cardiac complications*

Patients without major 
cardiac complications* p-value

Age (years), mean (SD) 60.83 (10.88) 67.39 (12.24) 60.62 (10.77) <0.001
Female, n/N (%) 1 172/2 235 (52.4) 22/38 (57.9) 1 150/2 197 (52.3) 0.52
Smoking, n/N (%) 417/2 202 (18.9) 4/37 (10.8) 413/2 165 (19.1) 0.29
Comorbidities, n/N (%)

Hypertension 822/1 988 (41.3) 21/35 (60.0) 801/1 953 (41.0) 0.04
Coronary artery disease 106/2 232 (4.7) 7/38 (18.4) 99/2 194 (4.5) 0.002
Congestive cardiac failure 43/2 232 (1.9) 7/38 (18.4) 36/2 194 (1.6) <0.0001
Stroke 32/2 232 (1.4) 1/38 (2.6) 31/2 194 (1.4) 0.43
Diabetes mellitus 335/2 232 (15.0) 10/38 (26.3) 325/2 194 (14.8) 0.63
Chronic renal disease 56/1 990 (2.8) 1/35 (2.9) 55/1 995 (2.8) 1.00
Major surgery, n/N (%) 637/2 235 (28.5) 23/38 (60.5) 614/2 197 (27.5) <0.0001

ASA, n/N (%)
Class 1 672/2 220 (30.2) 2/37 (5.4) 670/2 183 (30.7) 0.0004
Class 2 1 117/2 220 (50.3) 12/37 (32.4) 1 105/2 183 (50.6) 0.03
Class 3 403/2 220 (18.2) 19/37 (51.4) 384/2 183 (17.6) 0.0001
Class 4 28/2 220 (1.3) 4/37 (10.8) 24/2 183 (1.1) 0.001

Type of procedure, n/N (%)
Orthopaedic 420/ 2 234 (18.8) 7/38 (18.4) 413/2 196 (18.8) 1.0
Breast 100/2 234 (4.5) 2/38 (5.3) 98/2 196 (4.5) 0.69
Obstetrics† 4/2 234 (0.2) 0 4/2 196 (0.2) 0.64
Gynaecology 272/2 234 (12.2) 3/38 (7.9) 269/2 196 (12.2) 0.62
Upper gastrointestinal 82/2 234 (3.7) 3/38 (7.9) 79/2 196 (3.6) 0.16
Lower gastrointestinal 175/2 234 (7.8) 2/38 (5.3) 173/2 196 (7.9) 0.76
Hepatobiliary 89/2 234 (4.0) 1/38 (2.6) 88/2 196 (4.0) 1.0
Urology 345/2 234 (15.4) 5/38 (13.2) 340/2 196 (15.5) 0.82
Vascular 54/2 234 (2.4) 3/38 (7.9) 51/2 196 (2.3) 0.06
Head and neck 151/2 234 (6.8) 3/38 (7.9) 148/2 196 (6.7) 0.74
Plastics 127/2 234 (5.7) 1/38 (2.6) 126/2 196 (5.7) 0.72
Thoracic 2/2 234 (1.6) 2/38 (5.3 ) 33/2 196 (1.5) 0.12
Neurosurgery 42/2 234 (1.9) 2/38 (5.3) 40/2 196 (1.8) 0.16
Other 306/2 234 (13.2) 0 306/2 196 (13.9) 0.0007

SD = standard deviation; n = number of patients affected; N = total population; ASA = American Society of Anesthesiologists.
*Major cardiac complications were defined as a composite of myocardial infarction, pulmonary oedema and cardiac arrest. Denominators may vary owing to missing data.
†Obstetric patients who underwent non-cardiac surgical procedures that were not caesarean sections.
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atherothrombotic cardiovascular disease, and this cohort had a very 
high prevalence of these risk factors.[12] Additionally, in previous 
studies, the overall management of these cardiovascular risk factors 
from diagnosis to treatment and long-term control was shown to be 
poor.[12] This poor management is probably due to insufficient human 
and financial resources and lack of infrastructure in low- and middle-
income countries.[13] A recent review of cardiovascular disease in sub-
Saharan Africa notes a paucity of data on the prevalence of ischaemic 
heart disease and cardiac failure.[12] The data on mortality caused by 
ischaemic heart disease and cardiac failure in sub-Saharan Africa are 
thought to be an underestimate owing to lack of biomarker and other 
diagnostic capabilities.[14,15] In the present sub-study, cardiac failure 
and ischaemic heart disease were significant causes of postoperative 
cardiovascular complications. Stroke and diabetes mellitus did not 
show a significant association with complications (Table 2); however, 
it is likely that this is due to an inadequate sample size in this sub-
study to demonstrate this association.

A large proportion of the data on cardiovascular disease in in 
the present study came from the SA cohort of patients. Despite this 
limitation, the main message is that cardiovascular comorbidities 
present an additional risk for postoperative cardiovascular 
complications. This increased risk was shown across different 
populations in the VISION study.[1]

In order to relate our findings to the commonly used tool for 
cardiovascular risk stratification, the RCRI, we applied the RCRI 
in this cohort of patients. However, we could not perform an 
external validation of the RCRI in the SASOS/ASOS cohort owing 

Patients included 
in the sub-study,

n=3 045

Patients in ASOS,
N=11 422

Patients in SASOS,
N=3 927

Elective, non-cardiac, 
non-obstetric, ≥45 years,

n=3 855

Patients with missing 
data excluded,

n=810

Fig. 1. STROBE diagram of the ASOS and SASOS patients included in the 
sub-study. (ASOS = African Surgical Outcomes Study; SASOS = South 
African Surgical Outcomes Study.)

Table 2. Relative risk for cardiovascular complications using SASOS/ASOS outcome definition and RCRI outcome definition
Comorbidities SASOS/ASOS definition RCRI definition
Female 1.10 (95% CI 0.55 - 2.22); p=0.77 1.10 (95% CI 0.55 - 2.22); p=0.77
Smoking 0.52 (95% CI 0.18 - 1.46); p=0.21 0.66 (95% CI 0.23 - 1.88); p=0.43
Hypertension 2.13 (95% CI 1.09 - 4.16); p=0.03 1.89 (95% CI 0.9 - 3.97); p=0.09
Coronary artery disease 4.5 (95% CI 2.04 - 10.04); p=0.0002 4.8 (95% CI 2.02 - 11.54); p=0.0004
Congestive cardiac failure 11.5 (95% CI 5.36 - 24.64); p<0.0001 12.27 (95% CI 5.31 - 28.38); p<0.0001
Stroke 1.86 (95% CI 0.26 - 13.13); p=0.53 1.06 (95% CI 0.07 - 17.01); p=0.97
Diabetes mellitus 2.02 (95% CI 0.99 - 4.12); p=0.053 1.36 (95% CI 0.56 - 3.28); p=0.50
Chronic renal disease 1.02 (95% CI 0.14 - 7.29); p=0.99 1.29 (95% CI 0.18 - 9.3); p=0.80
Major surgery 3.85 (95% CI 2.02 - 7.32); p<0.0001 3.44 (95% CI 1.7 - 6.98); p=0.0006

SASOS = South African Surgical Outcomes Study; ASOS = African Surgical Outcomes Study; RCRI = Revised Cardiac Risk Index; CI = confidence interval.

Table 3. Risk estimate for each point of the RCRI (≥45 years) for composite outcome in the SASOS/ASOS cohort compared with  
the original RCRI cohort*
RCRI African surgical cohort risk estimate, % Original 1999 RCRI cohort, %
0 point 0.7 (95% CI 0.23 - 1.20) 0.4 (95% CI 0.05 - 1.50)
1 point 1.5 (95% CI 0.62 - 2.4) 0.9 (95% CI 0.30 - 2.10)
2 points 4.3 (95% CI 0.90 - 7.60) 6.6 (95% CI 3.90 - 10.30)
≥3 points 15 (95% CI 0.65 - 30.70) 11 (95% CI 5.80 - 18.40)

SASOS = South African Surgical Outcomes Study; ASOS = African Surgical Outcomes Study; RCRI = Revised Cardiac Risk Index; CI = confidence interval.
*Composite outcome of myocardial infarction, pulmonary oedema and cardiac arrest and arrhythmia.

Table 4. Risk estimate per category of the RCRI
RCRI category n/N Risk estimate, % LR
Low risk (0 points) 8/1 092 0.73 (95% CI 0.23 - 1.24) 0.52
Intermediate risk (1 - 2 points) 17/863 1.97 (95% CI 1.04 - 2.89) 1.4
High risk (≥3 points) 3/20 15 (95% CI 0 - 30.65) 10.6

RCRI = Revised Cardiac Risk Index; n = number affected; N = total population; CI = confidence interval; LR = likelihood ratio.
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to differences in risk factor and outcome definitions. As the SASOS/
ASOS studies did not use routine troponin screening as part 
of postoperative detection of myocardial injury after non-cardiac 
surgery, it is likely that the incidence of postoperative cardiovascular 
complications is under-reported in our cohort.[2,16] Nevertheless, the 
presence of coronary artery disease, congestive cardiac failure and 
major surgery were strong predictors of postoperative cardiovascular 
complications despite different study outcome definitions.

The utility of the RCRI to risk-stratify patients at cardiovascular 
risk is becoming more controversial. It appears to provide good 
discrimination for patients at low risk (with no RCRI risk factors), as 
reflected by a low likelihood ratio.[9] However, in the most concerning 
group, which is patients with one or more RCRI risk factors who 
are consequently at higher risk for complications, the performance 
of the RCRI is poor.[9] As a result, the Canadian Cardiovascular 
Society[7] and the American College of Cardiology/American Heart 
Association[5] recommend further risk stratification of patients 
with one or more risk factors. The data from the SASOS/ASOS 
cohort would also suggest that the utility of the RCRI in an African 
cohort is at best moderate, and unlikely to be satisfactory for the 
risk stratification of patients with one or more risk factors. Further 
recommendation is limited in this sub-study by the small sample size 
and wide CIs in the high-risk category of patients.

Future studies in this cohort of patients with cardiovascular 
comorbidities need to focus on cardiovascular outcomes, risk 
stratification and optimisation before surgery.

Conclusions
In this sub-study, we have shown that a substantial proportion 
of patients with cardiovascular disease present for non-cardiac 
surgery on the African continent. These comorbidities contribute 
to postoperative complications and adverse outcomes. The RCRI 

potentially provides moderate discrimination for preoperative 
cardiac risk stratification in African patients undergoing non-cardiac 
surgery.
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Fig. 2. Receiver operating characteristic curve of the Revised Cardiac Risk 
Index and major cardiac complications in elective African surgical patients 
aged ≥45 years.
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