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ABSTRACT

Background: There are few reports of electrocardiogram (ECG) findings and their prognostic value in acutely ill patients admitted to low resource hospitals in subSaharan Africa.
Methods: We undertook an observational study of acutely ill medical patients admitted to a low-resource hospital in Uganda. Vital signs were used to calculate the
National Early Warning Score (NEWS), and all ECGs were assessed using Tan et al.’s scoring system as described in Clin Cardiol 2009;32:82–86.
Results: There were 1361 ECGs performed, covering 68% of all acutely ill medical patients admitted to the hospital during the study. The most common ECG
abnormality was a prolonged QTc interval (42% of all patients) and left ventricular hypertrophy (13.5%). Compared to the 519 patients (38%) with no Tan score
abnormality, the 842 (62%) patients with one or more abnormalities were more likely to die in hospital (OR = 2.82; CI95% = 1.50–5.36) and within 30 days of
discharge (OR = 2.46; CI95% = 1.50–4.08). There was no relationship between age and mortality; however, after adjustment by logistic regression, any NEWS ≥1 on
admission, a Tan score of ≥1, and male sex all remained clinically significant predictors of both in-hospital and 30-day mortality.
Discussion: The majority of acutely ill medical patients admitted in a low-resource hospital in sub-Saharan Africa had ECG abnormalities, of which prolonged QTc and
left ventricular hypertrophy were most common. Those with any Tan score abnormality were twice as likely to die as those without an abnormality.

African relevance

• Patients with ECG abnormalities are twice as likely to die as those
without them.
• We found a high prevalence of QTc prolongation and left ventricular
hypertrophy in this patient population.
• ECG changes, National Early Warning System, and male sex were
independent predictors of mortality in this population; age was not.
• This is the first report of a novel re-usable belt ECG system as part of
routine care in a low-resource African hospital.

Introduction
The 12-lead electrocardiogram (ECG) is a rapid, non-invasive test of
value in the detection of cardiac and related non-communicable diseases (NCDs), both of which cause a large and growing disease burden
in sub-Saharan Africa [1–6]. Although numerous studies have demonstrated the prognostic value of ECGs for cardiac conditions [7–10],
there are few reports of the ECG findings and their prognostic value in
acutely ill medical patients, and only one study performed on acutely ill

medical patients in a low resource hospital in sub-Saharan Africa. In a
cohort of nearly 10,000 acutely ill medical patients with a mean age of
60 years (SD 20.0) admitted to an Irish hospital, an abnormal ECG was a
predictor of in-hospital mortality: 4 of 4,177 (0.1%) acutely ill patients
with an ECG interpreted as normal died within 24 h, and the odds ratio
for 30-day mortality for those with an abnormal ECG was 5.2
(CI95% = 3.7–7.4, p < 0.0001) [11,12]. In a separate study on younger
acutely ill medical patients (mean age 39.5; SD = 15.9 years) performed in Malawi [13], the odds ratio of an abnormal ECG for in-hospital death was 2.08 (CI95% = 1.12–3.88, p = 0.02). These comparisons
should be interpreted with caution: there is no gold standard for ECG
interpretation [14] and each study has determined its standards differently. In the Irish study, ECG normality was determined by Marquette proprietary software and, in the Malawi study, by absence of a
list of criteria drawn up by the authors.
Tan et al. [15] reported a simple score that awarded one point to
each of 12 ECG abnormalities: left and right bundle branch block, diagnostic Q waves, intra-ventricular conduction defect, atrial fibrillation, left atrial abnormality, left and right axis deviation, left and right
ventricular hypertrophy, ST depression, and a QTc interval > 450 ms.
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This simple, non-proprietary score predicts mortality independently of
standard risk factors. It outperforms other ECG scoring systems, such as
the Selvester Score, CIIS and Minnesota Code [15], and its determination of ECG abnormality has been shown to be comparable to Marquette
proprietary software [16]. On the other hand, vital signs, especially
when combined into weighted scores, are well-established predictors of
mortality [17,18]. This study reports the ECG abnormalities observed in
acutely ill medical patients admitted to a resource-poor hospital in
Uganda and compares their prognostic performance with vital signs.

that applied Yates continuity correction.
Ethical approval of the study was obtained from the Ethics
Committee of Kitovu Hospital, which conformed to the principles outlined in the Declaration of Helsinki [21]. Since no interventions were
additional to the usual standard of care, the need for written consent
was waived. The study is reported in accordance with the STROBE
statement [22].

Methods

During the study period 1361 eligible patients admitted to the
hospital had an ECG recorded: 600 (44%) of them were male and 75
(5.5%) died in hospital. Thirty-day follow-up was achieved in 588
(43%) of the 1361 patients on whom and ECG was performed: 123
(20.9%) of them died. The 773 patients lost to follow-up had similar age
(52.1 SD 20.1 vs. 53.3 SD 20.5 years, p = 0.30) and length of stay (77.5
SD 55 vs. 80.0 SD 58.4 h, p = 0.41) distributions, but a lower NEWS on
admission (3.3 SD 2.7 vs. 3.9 SD 3.1, p = 0.0005).
During the study period 642 patients (32% of all those admitted to
hospital) did not have an ECG recorded. These patients, who were not
included in the study, were older (54.7 SD 21.7 vs. 52.6 SD 20.3 years,
p = 0.04), had a higher NEWS on admission (4.4 SD 3.3 vs. 3.6 SD 2.9,
p < 0.0001), a shorter length of stay (69.2 SD 61.9 vs. 78.6 SD 56.5 h,
p < 0.0001), and a higher in-hospital mortality (i.e. 11.8% vs. 5.5%,
p < 0.0001) than participants: 69 (92%) of the 75 non-participant
patients who died without an ECG being performed did so within 5 h of
admission.
Only three patients had pathological ST elevation: one aged 75 years
died 23 days after admission from a presumed myocardial infarction;
the other two (age 30 and 56 years) were still alive 30 days after discharge. We suspect the younger patient had pericarditis and the older
one a myocardial infarction. Six patients had complete heart block: all
survived to hospital discharge, two to 30 days after discharge, the other
four were lost to follow-up. No Tan score abnormality was observed in
519 (38%) patients. One Tan score abnormality was observed in 441
(30%), two in 242 (18%), three in 122 (9%), four in 41 (3%), five in 19
(1.4%) and six in 7 (0.5%) patients: no patients had more than six ECG
abnormalities. The 842 (61.9%) patients with one or more Tan score
abnormality present were older (57.2 SD 19.8 versus 45.1 SD
18.8 years, p < 0.0001), had a longer length of stay (83.6 SD 57.3
versus 70.4 SD 54.2 h, p < 0.0001), and a higher NEWS on admission
(4.0 SD 3.0 versus 3.0 SD 2.7, p < 0.0001) than those with a normal
ECG. The commonest ECG abnormality was a prolong QTc interval
(42% of all patients) and left ventricular hypertrophy (13.5% of all
patients); left ventricular hypertrophy and left atrial abnormality were
more as common in men, and prolonged QTc, ST depression and ST
flattening were more common in women (Table 1).
Clinically, 22% of deaths were likely caused by pneumonia or
sepsis, 19% by heart failure, 18% by HIV or its complications, 13% by
suspected tuberculosis, and the remainder by miscellaneous causes.
Men had a higher in-hospital and 30 days after discharge mortality than
women. Those with an abnormal ECG were more likely to die in hospital and within 30 days of discharge. Although more Tan score abnormalities were observed in older patients (Table 2), there was no
relationship between age and mortality. In contrast to ECG abnormality, neither in-hospital nor 30-day mortality rates were significantly
different in any age group (Fig. 1). Although patients who died had a
higher NEWS on admission than survivors, there was no difference in
the ages or the length of hospital stay between those who died and
survivors: the individual components of NEWS (i.e. heart rate, respiratory rate, blood pressure, high and low temperature, alertness,
oxygen saturation, and the use of supplemental oxygen) were all associated with mortality (Table 3). Any NEWS value ≥1 was associated
with a significantly increased risk of mortality: the value with the
highest Chi-square for in-hospital mortality was a NEWS ≥7 (OR 9.81,
CI95% 5.82–16.58, X2 = 112.05, p < 0.0001).

Results

This was an observational study carried out as part of an audit in an
ongoing quality improvement project. The cohort was a convenience
sample of acutely ill medical patients admitted to our facility. It was
performed on patients being admitted to the medical ward at St.
Joseph’s Kitovu Health Care Complex, a 220 bedded healthcare facility
located near Masaka, Uganda and 140 km from the capital city of
Kampala. Together with the 330 bed Masaka Regional Referral
Government Hospital, it serves Masaka Municipality (population of
79,200) and Masaka District (rural population of 804,300). The hospital
has no intensive care or renal dialysis unit but can provide artificial
ventilation.
From 10 August 2016 to 15 January 2018, two nurses, employed
12 h per day for 7 days a week, entered each patient’s clinical status and
vital signs twice daily into a clinical data management and decision
support system (Rapid Electronic Assessment Data System (READS),
Tapa Healthcare DAC). In addition, an ECG was performed on as many
patients as possible within 12 h of admission to hospital using a reusable ECG belt and a portable mobile ECG device (LevMed Mobile ECG
Kit, LevMed Ltd). All ECGs were interpreted by JK without knowledge
of the patient’s identity, clinical condition, or outcome. Although ECG
axis, PR, QRS, QT and QTc intervals were all provided automatically by
the ECG device software, all values were checked manually by JK. The
Tan ECG score abnormalities were determined according to published
criteria [15 and supplemental material]: if no Tan score abnormalities
were present, an ECG was judged to be normal. Other non-Tan score
ECG abnormalities (i.e. poor R wave progression, T wave inversion, ST
flattening, ST elevation, heart block and ectopic beats) were also recorded.
Vital signs were entered into READS at the bedside immediately
after their measurement; all data entries were automatically time and
date stamped. Patient disposition (i.e. discharge or death) was also
subsequently recorded into READS. All the READS data sets were
complete. The National Early Warning Score (NEWS) [19], a well validated predictor of imminent mortality [18], was calculated from the
heart rate, respiratory rate, systolic blood pressure, level of consciousness, temperature, oxygen saturations, inspired oxygen entered into the
READS database.
This study was confined to patients who were 20 or more years of
age. The clinical status 30 days after discharge was collected directly
from patients or their relatives who consented to provide a contact
mobile phone number and answer a call after discharge.
Primary outcomes were ECG abnormalities, in-hospital, and 30-day
mortality. Age, gender, length of stay, admission NEWS and components, and ECG specifics (axis, PR, QRS, QT and QTc intervals, all the
Tan score ECG abnormalities, as well as T wave inversion, ST flattening,
ectopic beats, and poor R wave progression) were examined in relation
to the primary outcomes. The tympanic temperatures of all patients
were measured using the iProven dual mode infrared thermometer.
Temperatures were considered either high or low if they did not score
zero NEWS points (i.e. > 38 °C or < 36 °C) [19].
All calculations were performed using Epi-Info version 6.0 (Center
for Disease Control and Prevention, USA) and logistic regression analysis using Logistic software [20]. The p-value for statistical significance
was 0.05 and was tested using Student's t-test and Chi square analysis
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Table 1
ECG abnormalities observed and their association odds with male sex.
ECG abnormality

Patient number (%)

Tan score abnormalities
Any abnormality
QTc > 450 ms
Left ventricular hypertrophy
ST depression
Left atrial abnormality
Q wave
Inter ventricular conduction defect
Left axis deviation
Right ventricular hypertrophy
Right axis deviation
Right bundle branch block
Left bundle branch block
Atrial fibrillation

842
570
183
152
137
120
114
93
65
47
32
29
21

Other non-Tan score abnormalities
ST flattening
T wave inversion
Ectopic beats
Poor R wave progression

298
250
72
29

OR male sex

Chi-square

p

(61.9%)
(41.9%)
(13.4%)
(11.2%)
(10.1%)
(8.8%)
(8.4%)
(6.8%)
(4.8%)
(3.5%)
(2.4%)
(2.1%)
(1.5%)

1.04
0.78
2.06
0.69
1.51
1.21
1.07
0.83
1.61
1.02
0.76
0.56
0.63

(0.82–1.30)
(0.62–0.98)
(1.48–2.88)
(0.48–1.00)
(1.04–2.19)
(0.81–1.79)
(0.71–1.61)
(0.52–1.30)
(0.95–2.75)
(0.55–1.92)
(0.34–1.65)
(0.23–1.33)
(0.23–1.69)

0.07
4.78
19.86
3.97
4.83
0.08
0.06
0.58
3.08
0.00
0.33
1.54
0.61

0.8
0.03
< 0.001
0.046
0.03
0.37
0.8
0.45
0.08
0.94
0.56
0.21
0.44

(21.9%)
(18.4%)
(5.3%)
(2.1%)

0.67
1.04
0.62
0.77

(0.51–0.89)
(0.78–1.38)
(0.36–1.06)
(0.34–1.75)

8.32
0.03
3.10
0.24

0.004
0.85
0.08
0.63

The only ECG abnormalities associated with in-hospital mortality
were a prolonged QTc and left atrial abnormality. The only abnormalities associated with 30-day mortality were a long QTc, left atrial
abnormality and Q waves (Table 3). After adjustment by logistic regression NEWS eliminated all its component parameters as predictors of
mortality. However, any increase in NEWS on admission, a Tan score of
1 or greater, and male sex all remained clinically significant predictors
of both in-hospital and 30-day mortality (Table 4).

the only Tan score abnormalities associated with in-hospital death.
Only prolonged QTc interval, left atrial abnormality and Q waves were
associated with death within 30 days of discharge. Failure to show an
association of the other nine Tan score abnormalities with mortality is
probably explained by the short follow-up period: the 12 Tan score ECG
abnormalities were those found to be associated with increased mortality in 29,320 outpatient male veterans over an average follow-up
period of 7.5 years [15].
QTc prolongation was the commonest Tan score ECG abnormality: it
was observed in more than 40% of our patients compared with 5% of
the ECGs of performed on 387 urban South Africans who were not
acutely ill [23]. Numerous factors associated with acute illness can
influence the QTc interval (e.g. drugs, electrolyte disturbances, diabetes, liver and renal disease, etc). Indeed, both HIV infection and antiretroviral drugs can prolong the QTc interval [24] Continuous monitoring has demonstrated that variation of the QTc interval is common
during acute illness and that its prolongation is associated with mortality [25]. Recently institution wide systems have been introduced to
detect it [26].
This study has some potential weaknesses. Only one ECG was performed shortly after admission, so it is probable that evolving changes
were missed, especially in patients who died. Only one researcher read
all the ECGs, and it is well known that both intra- and inter-observer
errors occur in ECG interpretation [14]. Moreover, there was a low
follow-up of patients, which makes it difficult to know if our results can
be generalised. The exact timing between the vital sign recordings and
the ECG being performed was not recorded. The nurses’ work pattern
was to first perform vital signs on all patients, and then perform an ECG
on all new admissions. On average it took approximately 2 h to measure

Discussion
This study showed that acutely ill patients treated in a resourcelimited hospital in sub-Saharan Africa with an abnormal ECG are more
than twice as likely to die as those with a normal ECG on presentation.
After adjustment by logistic regression, any increase in NEWS on admission, a Tan score of 1 or greater, and male sex all remained clinically
significant comparable predictors of both in-hospital and 30-day mortality.
In the developed world, older acutely ill patients are more likely to
die than younger ones. However, in this patient population there was
no association between mortality and age, yet a clear increase in ECG
abnormalities with age. The only other report from sub-Saharan Africa
on the association between ECG changes and mortality was on just 89
patients and found the ECG to only be a univariate predictor of death
[13]. This study shows that ECG abnormality is a significant predictor
of mortality even when adjusted for vital sign changes, albeit with a
lower odds ratio for death up to 30 days after discharge than that
previously reported for acutely ill Irish patients [11,12].
A prolonged QTc interval > 450 ms and left atrial abnormality were
Table 2
Proportion of each Tan score ECGs abnormality observed in each age group.
Age
(years)

Abnormal ECG

Prolonged
QTc

LVH

ST
depression

LAA

Q wave

IVCD

LAD

RVH

RAD

RBBB

LBBB

AF

20–19
30–39
40–49
50–59
60–69
70–79
80–89
≥90

39.0%
57.3%
48.7%
62.5%
73.5%
77.0%
79.9%
90.9%

21.2%
38.9%
33.9%
42.9%
52.5%
53.1%
54.9%
68.2%

10.6%
13.0%
8.6%
15.8%
11.0%
18.8%
18.8%
9.1%

8.5%
10.8%
8.6%
11.4%
14.0%
12.7%
11.3%
22.7%

3.8%
8.1%
4.3%
9.2%
14.5%
16.9%
15.0%
13.6%

3.8%
4.9%
4.3%
9.2%
10.0%
12.7%
18.0%
27.3%

4.7%
10.3%
2.7%
8.7%
11.5%
7.5%
15.0%
18.2%

0.8%
3.2%
2.2%
4.3%
10.0%
13.6%
15.0%
18.2%

4.2%
3.2%
4.8%
3.3%
6.0%
8.0%
2.3%
9.1%

4.2%
3.2%
2.7%
0.5%
4.0%
4.2%
3.8%
13.6%

0.0%
2.2%
1.6%
1.6%
2.5%
5.6%
3.8%
0.0%

0.0%
1.1%
0.0%
0.5%
5.5%
4.2%
3.8%
4.5%

0.4%
0.0%
0.5%
0.5%
1.5%
3.3%
3.8%
13.6%

LVH, left ventricular hypertrophy; LAA, left atrial abnormality; IVCD, inter ventricular conduction defect; LAD, left axis deviation; RVH, right ventricular hypertrophy; RAD, right axis deviation; RBBB, right bundle branch block; LBBB, left bundle branch block; AF, atrial fibrillation.
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Fig. 1. Percentage of patients by age group who died in hospital and within 30 days of discharge, and who had a Tan score ≥1.

efficient use of care is even more important in resource-poor settings.
This study shows that the ECG, unlike age, can help identify patients at
imminent risk of death, even when their vital signs are not grossly
deranged. Many of the ECG changes we found may be normal variants
as several studies have described ECG characteristics in Africans such as
inverted and flattened T waves, high R wave amplitude (especially in
young males), ST elevation and axis deviation [23]. However, the ECGs
in this study showed evidence of ischemic heart disease (i.e. 11% had
ST depression, 8.8% Q waves and 6.8% left axis deviation) that are
unlikely to be normal variants. The Heart of Soweto Study [34] also
found frequent ECG abnormalities and advocated the potential value in
resource-poor environments of the 12-lead ECG in detecting previously
undiagnosed heart disease, particularly hypertensive heart disease [35]
and valve disease [36]. Although only two patients with probable acute
myocardial infarctions were identified by this study, the incidence of
ischaemic heart disease in sub-Saharan Africa is increasing, and hypertension is its commonest risk factor [37].
This study found that the majority of acutely ill medical patients
admitted to a resource-poor hospital in sub-Saharan Africa had ECG
abnormalities, which included those associated with ischemic heart
disease. There was a high prevalence of prolonged QTc interval and left
ventricular hypertrophy, and ECG abnormalities were more frequently
observed on older patients. A Tan score of 1 or greater ECG abnormalities, NEWS and male gender – but not age – were all clinically significant predictors of mortality in-hospital and for up to 30 days after
hospital discharge.

all the patients’ vital signs, so there was usually a 3-or-more hour delay
before an ECG could be performed. Since patients were only assessed
twice a day, in early morning and late evening, it is possible that there
may have been a delay of up to 12 h between admission to hospital and
data entry. Similarly, many patients may have been discharged from
hospital or died before there was an opportunity to perform an ECG.
Nevertheless, as far as we know, this is the first time ECGs have been
introduced as part of routine care in a low-resource hospital in subSaharan Africa. Although ECG is a rapid, valuable, and non-invasive
test, traditional machines are delicate, expensive, and require servicing
and the use of consumables such as paper and electrodes. The secure
storage of ECG tracings also incurs additional costs. All these factors
limit ECG use and availability in the developing world [27]. The reusable belt and ECG systems used in this study were simple, rapid,
robust, and prevented wrong lead placement [28]. All ECGs were
generated electronically on a tablet computer, could be stored on a
server and, if required, transmitted by email for interpretation. Therefore, after the initial investment, the costs of maintaining the system
and performing an ECG are negligible.
In the past, communicable diseases were considered to be subSaharan Africa’s major health burden. However, cardiac-related and
other NCDs are now major sources of morbidity and mortality and are
projected to overtake infectious diseases by 2030 [29,30]. There were
several differences in the prevalence of the ECG abnormalities observed
in this study and those in the original Tan score derivation cohort of US
veterans ([15] and supplemental data). The second commonest ECG
abnormalities we observed was left ventricular hypertrophy (13.5% of
patients) compared with 5.2% of the Tan score derivation cohort, but
similar to the frequency seen in South African patients without known
cardiac disease [23]. Although QRS voltage may be higher in those of
African descent compared to Caucasians [31–33], pre-existing hypertension is the most likely explanation of left ventricular hypertrophy
in our patients as all their ECGs fulfilled the Romhilt–Estes criteria and
their blood pressures, even when acutely ill, were higher than patients
without left ventricular hypertrophy (i.e. 129 SD 32 versus 112 SD
23 mmHg, p < 0.0001).
It is difficult to know what the advantages of ECG availability to
low-resource hospitals in sub-Saharan Africa will prove to be. In the
developed world, early warning scores based on vital signs are frequently used for early risk stratification, which ensures that care is
quickly concentrated on those who need it most [19]. The prompt and
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Table 3
Variables tested for prediction of in-hospital and 30 day mortality.

-

All values in italics are statistically significant.
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Table 4
Logistic regression of ECG abnormality against age and NEWS on admission.

In-hospital mortality
Constant
Tan score ≥1
NEWS on
admission
Male gender
Age
30 day mortality
Constant
Tan score ≥1
NEWS on
admission
Male gender
Age

Coefficient

(SE)

Odds ratio

(95% CI)

p

−5.8551
0.6837
0.3739

(0.5224)
(0.3280)
(0.0402)

1.98
1.45

(1.04–3.77)
(1.34–1.57)

0.00
0.04
< 0.001

0.9014
0.0019

(0.2650)
(0.0064)

2.46
1.00

(1.47–4.14)
(0.99–1.01)

0.001
0.77

−3.6529
0.6855
0.2937

(0.4105)
(0.2719)
(0.0363)

1.98
1.34

(1.16–3.42)
(1.25–1.44)

0.00
0.01
< 0.001

0.7732
0.0016

(0.2274)
(0.0056)

2.17
1.00

(1.39–3.38)
(0.99–1.01)

0.001
0.78
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