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Prevalence and predictive value of electrocardiographic
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Abstract

Background: Pulmonary hypertension (PH) is prevalent in
Africa and is still often diagnosed only at an advanced stage,
therefore it is associated with poor quality of life and survival
rates. In resource-limited settings, we assessed the diagnostic
utility of standard 12-lead electrocardiograms (ECG) to
detect abnormalities indicating PH.

Methods: Sixty-five patients diagnosed with PH were
compared with 285 heart disease-free subjects. The prevalence
and diagnostic performance of ECG features indicative of
PH and right heart strain were calculated.

Results: Compared to the control group, all abnormalities
were more frequent in the PH cohort where no patient had
a completely normal ECG. The most prevalent (cases vs
control) ECG abnormalities were: pathological Q wave in
at least two contiguous peripheral leads (47.7 vs 6.7%), left
ventricular hypertrophy (38.5 vs 9.8%) and p-pulmonale
(36.9 vs 20.7%) (all p < 0.05). The sensitivity of ECG criteria
for right heart strain ranged between 6.2 and 47.7%, while
specificity ranged between 79.3 and 100%. Negative predictive
value ranged between 81.5 and 88.9% and positive predictive
value between 25 and 100%. Positive predictive value was
lowest (25%) for right bundle branch block and QRS right-

axis deviation (= 100°), and highest (100%) for QRS axis >
+100° combined with R/S ratio in V1 21 or R in V1 > 7 mm.
Conclusion: When present, signs of PH on ECG strongly
indicated disease, but a normal ECG cannot rule out disease.
ECG patterns focusing on the R and S amplitude in V1 and
right-axis deviation had good specificity and negative predic-
tive values for PH, and warrant further investigation with
echocardiography.
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Pulmonary hypertension (PH) is a worldwide public health
challenge with an estimated population of affected people in
resource-limited countries of 20 to 25 million in 2008.'? Based
on shared pathophysiology and disease mechanisms, the World
Health Organisation (WHO) and the 5th World Symposium on
Pulmonary Hypertension distinguish five groups of PH: arterial
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(PAH), venous, hypoxic, thromboembolic and miscellaneous?
(Fig. 1). Overall, PH results from varying combinations of
increases in pulmonary vascular resistance, pulmonary blood
flow and pulmonary venous pressure. Sustained pressure
overload secondary to chronic PH leads to right ventricular (RV)
changes, including hypertrophy, dilatation and RV failure, which
are detectable using non-invasive tests such as electrocardiogram
(ECG), echocardiography, cardiac magnetic resonance or at best,
the gold standard but invasive right heart catheterisation (RHC).

Despite improvements in the understanding of PH and the
development of novel therapies, the condition is still diagnosed
at an advanced stage in a significant proportion of patients, due
to the paucity of symptoms in the early stages of the disease. This
has a negative impact on the quality of life and survival rate of
patients.* The American College of Cardiology/American Heart
Association® and the European Society of Cardiology/European
Respiratory Society* guidelines recommend the ECG as an initial
tool in diagnosing patients with suspected PH, based on studies
done predominantly in patients with PAH. However, these
guidelines consider ECG to be an inadequate tool for screening
and emphasise the advantage of Doppler echocardiography.

In sub-Saharan Africa (SSA) where chronic and endemic
precursors of PH, including chronic infectious diseases,
hypertensive heart disease, cardiomyopathy and rheumatic heart
disease are highly prevalent,® early diagnosis of PH is of particular
relevance. The high cost and low availability of, and need for
expertise in echocardiography limit its utility in this part of the
world and justify the interest in alternative tests such as ECG.

ECG abnormalities in patients with PH have been
predominantly described in other populations.”"! The
Pan-African Pulmonary Hypertension Cohort (PAPUCO) was
established to map out the epidemiology of PH in SSA. In
this sub-study, we aimed to assess the predictive value of an
affordable, widely available, objective and reproducible test such
as ECG to diagnose PH in resource-limited settings.

Methods

As previously described,”? the PAPUCO study was a prospective,
registry-type cohort study of PH in Africa. The registry aimed
to recruit consecutive patients with newly diagnosed PH based
on clinical and echocardiographic criteria, who would be able or
likely to return for a six-month follow up, who were at least 18
years old (except for those in paediatric centres in Mozambique
and Nigeria), and who consented in writing to participate in the
registry.

Centre eligibility included availability of echocardiography,
training in assessing right heart function, experience in
diagnosing PH according to the WHO classification, experience
in clinical management of patients with right heart failure
(RHF), and resources to review patients at six-month follow up.
Participating centres were invited to join the registry at African
cardiac meetings and conferences.”” The Heart of Soweto study
was a study of 387 urban South Africans of predominantly
African descent, determined to be heart disease free (using the
Minnesota code) following advanced cardiological assessment,
including echocardiography.'

PH was diagnosed by specialist cardiologists using the
non-invasive definition of PH. The standard is a pathological
condition with an increase in mean pulmonary arterial pressure
(PAP) beyond 25 mmHg at rest, as assessed by RHC.!* Because
RHC is seldom available in our setting, PH was diagnosed
in patients with a documented elevation in right ventricular
systolic pressure (RVSP) above 35 mmHg on transthoracic
echocardiography in the absence of pulmonary stenosis and
acute RHF, usually accompanied by shortness of breath, fatigue,
peripheral oedema and other cardiovascular symptoms, and
possibly ECG and chest X-ray changes in keeping with PH,
as per the European Society of Cardiology and European
Respiratory Society (ESC/ERS) guidelines on PH.*

We searched ECGs from the PAPUCO registry to identify all
patients who had had both Doppler echocardiography and 12-lead
ECG performed within 48 hours of their baseline inclusion. We
excluded all patients with pacemakers (due to inapplicability of
standard ECG criteria), poor-quality ECGs and those without
measurable RVSP. Controls were non-smokers and asymptomatic
subjects with normal Doppler echocardiography (and RVSP less
than 35 mmHg) who all underwent ECG recordings during their
baseline inclusion in the Heart of Soweto study.” This study
represents urban South African men and women, all free of any
heart disease and other major forms of cardiovascular disease.

All ECGs were reviewed and interpreted by two independent
clinical cardiologists who were blinded to the echocardiography
results. If consensus could not be reached, a third opinion (AD,
FT or KS) was requested. We electively studied pre-specified
ECG patterns classified into minor or major abnormalities, as
previously described in a large African cohort of heart disease-free
Africans.” Minor abnormalities included sinus tachycardia (> 100
beats per min), minor T-wave changes (T-wave flattening) or early
repolarisation, definitive right ventricular hypertrophy (QRS axis >
+100° or R/S ratio in VI > 1, or R in V1 > 7 mm or a combination
of a right bundle branch block and QRS axis > +100°).

Pulmonary
hypertension (PH)

Group 1: Pulmonary arte-
rial hypertension (PAH)
e.g. human immuno-
deficiency virus-
associated PAH

Group 2: PH due to left
heart disease
e.g. mitral stenosis
due to rheumatic heart
disease

Group 3: PH due to
lung diseases and/or
hypoxaemia
e.g. chronic obstructive
pulmonary disease

Group 4: Chronic
thromboembolic CPH
e.g. chronic pulmonary

embolism

Group 5: PH with
unclear or multifactorial
mechanisms
e.g. endomyocardial
fibrosis

Fig. 1. World Health Organisation classification for PH adapted from the 5th World Symposium on Pulmonary Hypertension.’




CARDIOVASCULAR JOURNAL OF AFRICA ¢ Volume 28, No 6, November/December 2017

Major abnormalities included:

e arrhythmias (supraventricular as premature supraventricular
tachycardia, atrial flutter, atrial fibrillation, multifocal atrial
tachycardia, paroxysmal atrial tachycardia or ventricular-like
premature ventricular complex, ventricular fibrillation, accel-
erated idioventricular rhythm, Torsades de pointes)

e major T-wave abnormalities (T-wave inversion)

e left ventricular hypertrophy defined by the Cornell voltage
criteria [(S in V3 + R in aVL > 24 mm (men) or > 20 mm
(women)]

e pathological Q waves

e prolonged QTc (> 470 ms as calculated by Bazett’s formula)

e left bundle branch block or other conduction delay

e p-pulmonale defined as a P wave in lead II > 2 mm or >
1.5 mm in lead V1/V2.

Statistical analysis

All statistical analyses were performed with the Statistical
Package for the Social Sciences (SPSS) 20.0, Chicago, Illinois.
Prevalence, sensitivity (Se), specificity (Sp), and positive (PPV)
or negative predictive values (NPV) were calculated by the
following formulae:'*!”

Prevalence of an ECG abnormality = total with the
abnormality of interest/total number of patients in the group
of interest.

Considering echocardiography as our reference diagnostic
test in this study (PH present or not), we assessed the diagnostic
capability of ECG (ECG criteria positive or negative) in a 2 x 2
contingency table, and calculations were done using the above
equation, in which true (false) positive represented our patients
(PH group) with (without) ECG abnormalities, while true (false)
negative represented controls without (with) ECG abnormalities.
e Se =[true positive/(true positive + false negative)] x 100
e Sp = [true negative/(true negative + false positive)] x 100
e PPV = [sensitivity X prevalence] + [sensitivity X prevalence +

(1 — specificity) x (1 — prevalence)]

e NPV = [specificity x (1 — prevalence)] + [specificity x (1 —
prevalence) + (1 — sensitivity) X prevalence]

Patients admitted with PH
n=254

45 patients did not fulfill inclusion

criteria:

¢ Newly diagnosed PH —
based on clinical and
echocardiographic criteria

e Able or likely to return for a
6-month follow up

e Atleast 18 years old

v ¢ Consented in writing to

participate in the registry

Patients enrolled in the study
n =209

144 patients excluded because of:
e Missing ECG (118)
¢ Poor-quality ECG (17)
* Missing echocardiographic
\/ h .
diagnosis (9)

ECGs analysed
n==65

Fig. 2. Flow chart of inclusion for the study.

Prevalence, Se, Sp, PPV and NPV are presented as percentages,
while continuous variables are presented as means and standard
deviation (SD), or median (25th to 75th percentiles). We used >
to compare proportions of categorical variables and the Student’s
t-test to compare mean differences for continuous variables. A
p-value < 0.05 was considered statistically significant.

Results

Fig. 2 shows how we obtained our cohort of 65 adult patients
with ECGs indicating PH from the overall 254 PAPUCO patients.
The patients were young (mean age 47 + 14 years), 21 (32%) were
men, and all except four were of black African origin. These
four patients were coloured or of mixed race. In Fig. 3, showing
a sample ECG, chest X-ray and echocardiographic images of a

Fig. 3. ECG of a 38-year-old HIV-positive woman from the
PAPUCO cohort. The patient had been on high-
ly active antiretroviral therapy for three years and
presented with palpitations and WHO functional class
stage lll shortness of breath. The chest X-ray (A)
shows mild right heart enlargement and borderline
raised cardiothoracic ratio. Doppler echocardiographic
images (B, C) confirm the diagnosis of severe PH with
both severely enlarged right atrium and ventricle with
estimated RVSP of 63 mmHg. The ECG (D) shows
a normal heart rate and sinus rhythm, right heart
enlargement indicated by right-axis deviation of the
QRS complex and by a R/S ratio in lead V1 of > 1
with poor R-wave progression. Right ventricular func-
tion was altered with a tricuspid annular plane systolic
excursion (TAPSE) of 9 mm. Left ventricular ejection
fraction was preserved, there was no valvular heart
disease and the pericardium was normal.
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Table 1. Demographic, clinical and echocardiographic profile of u
patients with PH in the PAPUCO registry < 90 -
2
All Male Female o
(n=65) (m=21) (n=44) 2 80 -
mean + 2SD, mean £2SD, mean = 2SD, T
Profile n (%) n (%) n (%) p-value £ 70
Sociodemographic profile _g
Mean age (years) 3+15 47+ 14 4115 0.133 s 60 1
o
Smoking <0.001 'g 50 -
Never smoked 44 (67.7) 9(42.9) 35(79.5) <
Ex-smoker §(123)  8(38.1)  0(0) s 40 1
Current smoker 5(7.7) 2(9.5) 3(6.8) '2 30 4
Previous or current 21(32.3) 7(33.3) 13 (29.5) 0.536 '%
pulmonary tuberculosis ‘g- 20 -
Clinical presentation g
Dizziness 22(33.8) 4(19) 18 (40.9) 0.120 2 10 ~
Shortness of breath 56 (86.2) 19 (90.5) 37 (84.1) 0.473 §_ 0
Body mass index (kg/m?) 23.7+5.8 24.1+6.5 23.5+5.5 0.690 a Major  Arrhyth- LVH***  Patho- Prolonged LBBB  p-pulmo-
S T-wave  mia*** logical @ QTc inter- or other  nale**
Heart rate (bpm) 93+19 91.6+102 94.7+58 0.195 abnormal- wave*** val*** conduction
Pulse oximetry at rest (o) 93.8+7.5 94.7+5.8 91.6+10.2 0.156 ity delay***
Abnormal respiration at 15(23.1) 5(23.8) 10 (22.7) 0.861 . PH group . control group
rest, n (%)
Systolic BP (mmHg) 117£22 123+£27 114+ 14 0.186 B
Diastolic BP (mmHg) 78+ 16 82419 77+14 0238 SR
WHO functional class 36 (55.4) 13(61.9) 23(52.3) 0.323 _3 40 -
I or IV %
Karnofsky performance 67117 69+15 67+ 18 0.717 £ 35
score (%) g
iote . i 6omi ©2 _
Distance walked in 6-min — 5q) 135 35197 2541142 0017 s 30
walking test (m) 5
Jugular venous distension 56 (86.2) 19 (90.5) 37 (84.1) 0.591 E 25 A
Peripheral oedema 40 (61.5) 13 (61.9) 27 (61.4) 0.594 £ 20 -
Main echocardiography characteristics 3
Right ventricular systolic ~ 61.4+19.8 60.5+24.6 61.8+17.2 0.797 ;E; 15 A
pressure (mmHg) 5
Tricuspid annular plane 149+5 147+£538 15+4.5 0.844 210
systolic excursion (mm) g
. L S 5 A
;“ef‘ ventricular ejection 5 ¢4 5 48175 532421 0357 £
raction (%) g 0
Mean'left V.entyicular 49.6+123 524+99 48.1+£13.2 0.210 g Tachycardia Bradycardia QRS right- RBBBand Right ventric-
end-diastolic diameter *xx axis devia- QRS right-  ular hyper-
(mm) tion***  axis deviation trophy***
Right ventricular
enlargement 36 (86.2) 18 (85.7) 38 (86.4) 0.335 - PH group . control group
Right atrial enlargement 57 (87.7) 19 (90.5) 38 (86.7) 0.830 . .
Data are % or mean + SD; p-values based on the -test, chi-squared or Fisher’s Pre\_/e_llen_ce of m_ajor (A) and minor (B) ECG a_bno_r_
exact test as appropriate; statistical significance is based on p < 0.05. BP, blood malities in 65 patients with pulmonary hypertension in
pressure; WHO, World Health Organisation. the PAPUCO registry compared to 285 controls with

patient with PH, we describe the clinical context of presentation
and confirmation of PH. The control subjects were younger with
a mean age of 36 £ 10 years and 48 (16%) were men.

Table 1 summarises the demographic, clinical and echo-
cardiographic profile comparing men and women in the patient
group. Significant gender differences were seen, with a higher
prevalence of male smokers (47.6 vs 6.8%; p < 0.001) and better
performance in the males during the six-minute walking test (352
+97 vs 254 £ 142 m, p =0.017).

Based on the WHO classification of PH, group 2 (venous PH)
was the most prevalent (46%), followed by group 1 (PAH) (31%),
group 3 (hypoxic PH) (22%) and group 5 (miscellaneous PH)
(3%). In all, 55.4% of patients presented in the WHO functional
class III or IV and the mean Karnofsky performance score was
67 £ 17%.

Compared to the control group, nearly all abnormalities were
much more frequent in our PH cohort. As shown in Fig. 4A,
the most prevalent (case vs control) major abnormalities were:

normal Doppler echocardiography and right ventricu-
lar systolic pressure. RBBB; right bundle branch block,
QRS right-axis deviation = QRS axis > 100°. *p < 0.05,
**p < 0.01, ***p < 0.001.

pathological Q wave (47.7 vs 6.7%), followed by left ventricular
hypertrophy (LVH) (38.5 vs 9.8%) and p-pulmonale (36.9 vs
20.7%). None of the patients had a completely normal ECG, as
opposed to 15% in the control group.

Of the minor ECG abnormalities (Fig. 4B), tachycardia (40
vs 12.6%) and QRS axis > 100° (38.5 vs 5.3%) were the most
prevalent. In all, 58.5% of the PH group vs 76.5% of the controls
were in sinus rhythm. Bradycardia (1.5 vs 4.9%) and right bundle
branch block (RBBB) with QRS right-axis deviation (1.5 vs
1.1%) were the least prevalent. Overall, in the PH group, 32.3%
had at least three or four major abnormalities and 24.6% had
three or four minor abnormalities. The respective numbers in the
control group were 4.2 and 0%.
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Table 2. Predictive values of ECG patterns suggestive of right ventricular

hypertrophy or right atrial enlargement for the diagnosis
of PH in the PAPUCO registry (RSVP > 35 mmHg)

Positive  Negative
predictive predictive

Sensitivity Specificity  values values
ECG criterion (%) (%) (%) (%)
QRS axis > 100° 38.5 94.7 62.5 87.1
Extreme axis deviation (QRS > 190°) 6.2 100.0 100.0 82.4
R/Sratioin VI >1 or Rin V1 >7 mm 47.7 95.8 72.1 88.9
Definite right ventricular hypertrophy 30.8 100.0 100.0 86.4
* QRS axis >+100°; and
* R/SratioinVl>1orRinVI]>7mm
R onde b ok nd OS5 gpg 0 s
P>2.0mminlead IT or> 1.5 mmin 36.9 793 289 84.6

lead V1/V2, unchanged duration

We calculated the predictive values of the ECG patterns
suggestive of right ventricular hypertrophy (RVH) or right atrial
enlargement (RAE) for the diagnosis of PH. Table 2 shows the
sensitivity, specificity and positive and negative predictive values
for the occurrence of PH. Sensitivity ranged between 6.2 and
47.7% while specificity ranged between 79.3 and 100%. The NPV
ranged between 81.5 and 88.9%. The PPV was lowest at 25% for
RBBB and QRS right-axis deviation (= 100°), and highest at
100% for QRS axis > 100° combined with R/S ratio in V1 > 1 or
Rin VI >7 mm.

We calculated the predictive values of the ECG patterns for
the diagnosis of indirect signs of PH (RVH or RAE) in patients
with PH. The sensitivity for predicting RVH and RAE were
relatively similar for all parameters, ranging from 2.1 to 56.3%
and 2.6 to 57.9%, respectively (Table 3). The specificity was
higher for both RVH and RAE for all parameters (all > 60%). The
PPV was found to be higher for RVH than for RAE, for which
all parameters had values above 90%. The NPV was higher for
RAE than for RVH, but for both, it was relatively low (all < 50%).

Discussion

The main findings from this study of the predictive value
of ECG abnormalities in patients with PH in SSA are the
following. A strictly normal ECG was exceptional, with the most
prevalent abnormalities being pathological Q wave, tachycardia,
QRS right-axis deviation and left ventricular hypertrophy. The
specificity of ECG abnormalities suggestive of PH was generally
high, but prevalence of those relating to right heart strain were

rather less frequent. Altogether, our findings suggest that on
their own, ECG abnormalities cannot discriminate patients
who are more likely to be diagnosed with PH via costly and
technically demanding examinations, nor can they reliably rule
out patients for whom such examinations should be withheld.

Previous studies of heart failure in SSA have reported
that a completely normal ECG is very rare in the presence of
heart disease.™" In general, the ECG abnormalities have higher
specificity than sensitivity. The low sensitivity in our study
precludes the ECG from being sufficient for screening without
complementary tests, but the ECG is a simple, non-invasive
and inexpensive test to perform. It could be implemented in
screening protocols as a supplement to physical examination,
signs and symptoms, exercise test, chest X-ray and medical
history of predisposing factors such as chronic infections, chronic
obstructive pulmonary disease and congenital heart disease.

The specificity, as well as the NPV, was high for the parameters
indicating PH. Positive findings on an ECG could therefore
warrant further investigation with more advanced diagnostics.
The most useful parameters seemed to be QRS right-axis
deviation of more than 100° and R/S ratio in V1 > 1 or R wave
in V1 > 7 mm, especially when both were present.

Overall, the indirect ECG features of PH, namely RVH and
RAE, had high specificity and high PPV. Both were higher for
RVH than for RAE, possibly explained by the fact that RAE was
seen only in more advanced disease. Sensitivity and NPV were
lower, and the absence of ECG abnormalities indicating RVH or
RAE could not exclude their presence. The sensitivity of indirect
ECG features was, however, superior to direct ECG indication of
PH, suggesting that a positive ECG can point to RVH or RAE
better than to PH directly.

Previous studies have assessed the role of ECG in predicting
right ventricular dysfunction but not PH directly, therefore
offering less opportunity for comparison with our findings. A
study conducted in Canada showed that ECG abnormalities
suggestive of RVH were rare in patients with normal RVSP,
and had a high positive predictive value. Although Henkens et
al. showed that ECG-derived ventricular gradient was superior
to conventional ECG parameters, QRS right-axis deviation,
suggesting chronically increased RV pressure load, was shown
to have a sensitivity and specificity of 84 and 96%, respectively.”

Increased R/S ratio in V1 or increased R wave in V1 was
the best predictor for RVH and RAE, which is in agreement
with the results of Nagai et al.,* who found that increased R/S
ratio in V1 indicated right ventricular systolic dysfunction. Also

Table 3. Predictive values of ECG patterns for the diagnosis of indirect signs of pulmonary hypertension

(right ventricular hypertrophy or right atrial enlargement) in patients with pulmonary hypertension from the PAPUCO registry

Specificity (%) Positive predictive values (%) Negative predictive values (%)

Sensitivity (%)
ECG criterion RVH RAE
QRS axis > 100° 458 47.4
Extreme axis deviation (QRS > 190°) 8.3 7.9
R/Sratioin VI >1orRin VI >7 mm 56.3 57.9
Definite right ventricular hypertrophy 37.5 42.1
¢ QRS axis 2 +100°; and
* R/SratioinVl=1lorRinV]l>7mm
Rig_ht _bundle branch block and QRS right-axis 21 26
deviation (= 100°)
Enzﬁan;;;ndtfiignor > 1.5mm in lead V1/V2, 458 39.5
RVH, right ventricular hypertrophy; RAE, right atrial enlargement.

RVH RAE RVH RAE RVH RAE
85.7 73.9 91.7 75.0 31.6 46.0
100.0 95.7 100.0 75.0 242 38.6
78.6 65.2 90.0 73.3 34.4 48.4
92.9 87.0 94.7 84.2 30.2 47.6
100.0 100.0 100.0 100.0 23.0 383
85.7 60.9 91.7 62.5 31.6 37.8
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Al-Naamani et al.® showed that ECG abnormalities in V1 were
superior to abnormalities in V5 and V6, possibly due to lower LV
influence in the left precordial leads.

Ahearn et al® found that an ECG was not sufficient for
diagnosing PH, although, from all the parameters, QRS > 100°
was the best discriminator and was highly suggestive of RV
enlargement. This was, however, a study on PAH in particular,
therefore not to be extrapolated without caution to PH of
other causes. This emphasises the need to analyse the predictive
values of ECG according to the aetiology of PH. In our cohort,
left heart disease was the aetiology of PH in 46% of the cases.
This could also have influenced the ECG results by possibly
concealing mild right ventricular involvement.

Limitations

Our study has some limitations. First, we acknowledge that the
gold standard for diagnosing PH is right heart catheterisation.
However it is not always accessible or affordable in our setting
and it also has a non-negligible procedure-related mortality
rate and serious-events risk, even in an expert’s hands.*
Doppler echocardiography is a good alternative as it is safe and
non-invasive. Furthermore, the study by Janda et al.* showed a
good correlation between right ventricular systolic pressure on
echocardiography and pulmonary artery systolic pressure on
RHC at baseline.

Second, other useful ECG parameters for our calculations
were not recorded. These are R in V1 27 mm, R in V5 <5 mm,
Rinlead I<£1 mm, Sin VI £2mm, R/Sin V5<1 mm and R in
V1+Sin V52> 10 mm. These have previously been shown to have
a good positive predictive value,” and including them in a future
study may add to the value of an ECG for screening. Other studies
on PH from China and America®? found that prolonged QRS
and QTc durations were associated with impaired right ventricular
function and the prediction of adverse outcomes in PAH.

Third, the small number of participants with PH most likely
affected our capacity to detect significant findings. Lastly, the
cardiac disease-free sub-group in this study was an external
cohort in whom the echocardiographic assessment ruled out
only cardiac disease and PH. This, in turn, could have resulted in
differences in case-mix and affected the diagnostic performance
of ECG abnormalities for PH.

The strengths of this study include the rigorous approach to
ECG interpretation and data analysis, and that the data were
derived from the first multicentre study of PH across Africa,
where the burden of the condition is increasing.

Conclusion

ECG abnormalities are common in African patients with PH,
but those relating to RV strain specifically are less frequent.
When present, ECG features suggestive of PH strongly indicate
the disease, but a normal ECG does not rule out disease. The
presence of QRS right-axis deviation of > 100° and/or R/S ratio
in VI > 1 or R wave in V1 > 7 mm had good specificity and
therefore warrants further investigation with echocardiography.
Innovative measures in electrocardiography are required to
improve the diagnosis of PH in SSA. This could include
studies combining ECG with echocardiography, clinical criteria
and cardiac biomarkers to better define the criteria for early

diagnosis of PH without exposing patients to unnecessary and
costly right heart catheterisation in resource-limited settings.

Our sincere appreciation goes to the entire PAPUCO study investigators for
their efforts in creating and keeping the PH registry. We are grateful to the
patients who participated.
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Witwatersrand, Johannesburg, South Africa.

References

1. Gidwani S, Nair A. The burden of pulmonary hypertension in resource-
limited settings. Glob Heart 2014; 9(3): 297-310.

2. Mocumbi AO, Thienemann F, Sliwa K. A global perspective on the epide-
miology of pulmonary hypertension. Can J Cardiol 2015; 31(4): 375-381.

3. Simonneau G, Gatzoulis MA, Adatia I, Celermajer D, Denton C,
Ghofrani A, et al. Updated clinical classification of pulmonary hyperten-
sion. J Am Coll Cardiol 2013; 62(25 Suppl): D34-41.

4. Galie N, Hoeper MM, Humbert M, Torbicki A, Vachiery JL, Barbera
JA, et al. Guidelines for the diagnosis and treatment of pulmonary hyper-
tension: the Task Force for the Diagnosis and Treatment of Pulmonary
Hypertension of the European Society of Cardiology (ESC) and the
European Respiratory Society (ERS), endorsed by the International
Society of Heart and Lung Transplantation (ISHLT). Eur Heart J 2009;
30(20): 2493-2537.

5. McLaughlin VV, Archer SL, Badesch DB, Barst RJ, Farber HW, Lindner
JR, et al. ACCF/AHA 2009 expert consensus document on pulmonary
hypertension a report of the American College of Cardiology Foundation
Task Force on Expert Consensus Documents and the American Heart
Association developed in collaboration with the American College of
Chest Physicians; American Thoracic Society, Inc.; and the Pulmonary
Hypertension Association. J Am Coll Cardiol 2009; 53(17): 1573-1619.

6.  Sliwa K, Wilkinson D, Hansen C, Ntyintyane L, Tibazarwa K, Becker A,
et al. Spectrum of heart disease and risk factors in a black urban popula-
tion in South Africa (the Heart of Soweto Study): a cohort study. Lancet
2008; 371(9616): 915-922.

7. Pancholy SB, Palamaner Subash Shantha G, Patel NK, Boruah P,
Nanavaty S, Chandran S, et al. Electrocardiogram-based scoring system
for predicting secondary pulmonary hypertension: A cross-sectional study.
J Roy Soc Med Cardiovasc Dis 2014; 3: 2048004014547599.

8. Lau KC, Frank DB, Hanna BD, Patel AR. Utility of electrocardiogram
in the assessment and monitoring of pulmonary hypertension (idiopathic
or secondary to pulmonary developmental abnormalities) in patients < 18
years of age. Am J Cardiol 2014; 114(2): 294-299.

9. Scherptong RW, Henkens IR, Kapel GF, Swenne CA, van Kralingen KW,
Huisman MYV, ef al. Diagnosis and mortality prediction in pulmonary
hypertension: the value of the electrocardiogram-derived ventricular
gradient. J Electrocardiol 2012; 45(3): 312-318.

10. Goncalvesova E, Luknar M, Lesny P. ECG signs of right ventricular
hypertrophy may help distinguish pulmonary arterial hypertension and
pulmonary hypertension due to left ventricular diastolic dysfunction.
Bratisl Lek Listy 2011; 112(11): 614-618.

11.  Henkens IR, Scherptong RW, van Kralingen KW, Said SA, Vliegen HW.
Pulmonary hypertension: the role of the electrocardiogram. Neth Heart J
2008; 16(7-8): 250-254.

12.  Thienemann F, Dzudie A, Mocumbi AO, Blauwet L, Sani MU, Karaye
KM, et al. Rationale and design of the Pan African Pulmonary hyperten-



CARDIOVASCULAR JOURNAL OF AFRICA ¢ Volume 28, No 6, November/December 2017

sion Cohort (PAPUCO) study: implementing a contemporary registry on
pulmonary hypertension in Africa. Br Med J Open 2014; 4(10): €005950.

CA, Maan AC, et al. Improved ECG detection of presence and severity of

right ventricular pressure load validated with cardiac magnetic resonance

13. Sliwa K, Lee GA, Carrington MJ, Obel P, Okreglicki A, Stewart S. imaging. Am J Physiol Heart Circ Physiol 2008; 294(5): H2150-157.
Redefining the ECG in urban South Africans: electrocardiographic find- 22. Nagai T, Kohsaka S, Murata M, Okuda S, Anzai T, Fukuda K, er al.
ings in heart disease-free Africans. Int J Cardiol 2013; 167(5): 2204-2209. Significance of electrocardiographic right ventricular hypertrophy in

14. Lau EMT, Tamura Y, McGoon MD, Sitbon O. The 2015 ESC/ERS patients with pulmonary hypertension with or without right ventricular
Guidelines for the diagnosis and treatment of pulmonary hypertension: a systolic dysfunction. Intern Med 2012; 51(17): 2277-2283.
practical chronicle of progress. Eur Respir J 2015; 46(4): 879-882. 23.  Ahearn GS, Tapson VF, Rebeiz A, Greenfield JC, Jr. Electrocardiography

15.  Stewart S, Wilkinson D, Becker A, Askew D, Ntyintyane L, McMurray JJ, to define clinical status in primary pulmonary hypertension and pulmo-
et al. Mapping the emergence of heart disease in a black, urban population nary arterial hypertension secondary to collagen vascular disease. Chest
in Africa: the Heart of Soweto Study. Int J Cardiol 2006; 108(1): 101-108. 2002; 122(2): 524-527.

16.  Altman DG, Bland JM. Diagnostic tests 2: Predictive values. Br Med J 24. Hoeper MM, Lee SH, Voswinckel R, Palazzini M, Jais X, Marinelli A, et
1994; 309(6947): 102. al. Complications of right heart catheterization procedures in patients with

17.  Altman DG, Bland JM. Diagnostic tests. 1: Sensitivity and specificity. Br pulmonary hypertension in experienced centers. J Am Coll Cardiol 2006;
Med J 1994; 308(6943): 1552. 48(12): 2546-2552.

18. Karaye KM, Sani MU. Electrocardiographic abnormalities in patients 25. Janda S, Shahidi N, Gin K, Swiston J. Diagnostic accuracy of echocar-
with heart failure. Cardiovasc J Afi- 2008; 19(1): 22-25. diography for pulmonary hypertension: a systematic review and meta-

19. Dzudie A, Milo O, Edwards C, Cotter G, Davison BA, Damasceno A, analysis. Heart 2011; 97(8): 612-622.
et al. Prognostic significance of ECG abnormalities for mortality risk in 26. Sun PY, Jiang X, Gomberg-Maitland M, Zhao QH, He J, Yuan P, et
acute heart failure: insight from the Sub-Saharan Africa Survey of Heart al. Prolonged QRS duration: a new predictor of adverse outcome in
Failure (THESUS-HF). J Card Fail 2014; 20(1): 45-52. idiopathic pulmonary arterial hypertension. Chest 2012; 141(2): 374-380.

20. Al-Naamani K, Hijal T, Nguyen V, Andrew S, Nguyen T, Huynh T. 27.  Rich JD, Thenappan T, Freed B, Patel AR, Thisted RA, Childers R, et al.
Predictive values of the electrocardiogram in diagnosing pulmonary hyper- QTc prolongation is associated with impaired right ventricular function
tension. Int J Cardiol 2008; 127(2): 214-218. and predicts mortality in pulmonary hypertension. Int J Cardiol 2013;

21. Henkens IR, Mouchaers KT, Vonk-Noordegraaf A, Boonstra A, Swenne 167(3): 669-676.

i Xarelto

’

rivaroxaban

A
BAYER
E

Confidence Through Clinical and Real World Experience’3
#1 Scripted Non-VKA Oral Anticoagulant by Cardiologists*

Millions of Patients Treated Worldwide Across Multiple Indications*

REFERENCES: 1. Patel M.R., Mahaffey K.W., Garg J. et al. Rivaroxaban versus warfarin in non-valvular atrial fi brillation. N Eng/ J Med. 2011;365(10):883-91. 2. Tamayo S., Peacock W.F., Patel M.R., et al. Characterizing
major bleeding in patients with nonvalvular atrial fi brillation: A pharmacovigilance study of 27 467 patients taking rivaroxaban. Clin Cardiol. 2015;38(2):63—8. 3. Camm A.J., Amarenco P., Haas S. et al. XANTUS: A

Real-World, Prospective, Observational Study. 4. Calculation based on IMS Health MIDAS, Database: Monthly Sales January 2017.

Xarelto 15: Each film-coated tablet contains rivaroxaban 15 mg. Reg. No: 46/8.2/0111; Namibia
Xarelto 20: Each film-coated tablet contains rivaroxaban 20 mg. Reg. No: 46/8.2/0112;Namibia

Botswana: BOT1302296; Zimbabwe: PP10 Reg. 2017/10.2/5363
otswana: BOT1302297; Zimbabwe: PP10 Reg. 2017/10.2/5364

PHARMACOLOGICAL CLASSIFICATION: A.8.2 Anticoagulants. INDICATIONS: (1) Prevention of stroke and systemic embolism in patients with non-valvular atrial fibrillation (SPAF); (2) Treatment of deep vein thrombosis

(DVT) and for the prevention of recurrent deep vein thrombosis (DVT) and pulmonary embolism (PE); (3) Treatment of pulmonary embolism (PE) and for the prevention of recurrent pulmonary embolism (PE) and deep
vein thrombosis (DVT). For full prescribing information, refer to the package insert approved by the Medicines Regulatory Authority (MCC). HCR: Bayer (Pty) Ltd, Co. Reg. No.: 1968/011192/07, 27 Wrench Road, Isando,
1609. Tel: 011 921 5044 Fax: 011 921 5041.

L.ZA.MKT.GM 06.2017.1808
© Bayer June 2017

*Impact RX Data 2016
NOAC: Non Vitamin K Oral Anticoagulant






