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Background: Pulmonary artery hypertension (PAH) is a known complication of patients with sickle cell
disease (SCD). The prevalence of PAH has been reported to be high in children with SCD in developed
countries. The mortality rate of patients with SCD who develop PAH is said to be 40% at 24 to 40 months
after diagnosis. In Sub-Saharan Africa, particularly Nigeria, where the prevalence of SCD is high, there is
a dearth of data on the prevalence of PAH in children with SCD. PAH may be a likely contributor to the
unacceptably high mortality rate of children with SCD in Africa. The present study aimed to determine the
pattern of pulmonary artery pressure in children with sickle cell anaemia (SCA) aged 1 to 12 years in their
steady state using Doppler echocardiography in our environment.

Methods: Analytical, comparative and cross-sectional study. It was carried out at Lagos State University
Teaching Hospital (LASUTH) over a period of seven months (3 1st August 2015 through 31st March 2016).
A total of 400 children, aged 1 to 12 years were recruited following parental consent and assent. Two hundred
children with SCA in steady state and 200 age and sex matched children with haemoglobin genotype AA who
served as controls were studied. All subjects and controls had Doppler echocardiography performed on them
by the author. PAH was defined as a pulmonary artery systolic pressure (PASP) of >30 mmHg at rest derived
from the tricuspid regurgitant velocity (TRV) measured from Doppler echocardiography. This corresponds
with TRV value of >2.5 m/s.

Results: The prevalence of PAH in children with SCA was 8% (n=16). None of the controls had PAH.
The youngest subject with PAH was aged 2 years. The overall mean pulmonary artery pressure of children
with SCA was significantly higher than that of controls (18.54+5.81 vs. 13.76+5.71 mmHg, P=0.000). The
prevalence of PAH in children with SCA demonstrated an increase in trend with age.

Conclusions: The prevalence of PAH in children with SCA in steady state is high. This complication was
noticed as early as the second year of life. It is recommended that all children with SCA should have periodic
Doppler echocardiography for early detection of PAH.
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Introduction

Sickle cell anemia (SCA) is the commonest form of sickle
cell disease (SCD) which results from a homozygous
state comprising two S genes (HbS) (1). This autosomal
recessive genetic disorder results when there is an abnormal
substitution of valine for glutamic acid at the position six
of the B globin chain (1,2). It is one of the commonest
genetic disorders occurring worldwide with a prevalence
rate of 20-25 million worldwide, 12—15 million of which
are in Sub-Saharan Africa (3). It is estimated that around
250,000 children worldwide are born with homozygous
SCA every year (3,4). Approximately 6 million Nigerians
are reported to be afflicted with the disease (4). It is a
disease condition that carries significant risk of morbidity
and mortality manifesting with complications in almost
every organ of the body (1,5). One of such complications is
an elevated pulmonary artery pressure (6,7).

Pulmonary artery hypertension (PAH) is defined as a
mean pulmonary artery pressure (MPAP) of greater than
or equal to (>) 25 mmHg at rest or >30 mmHg during
exercise as determined by cardiac catheterization irrespective
of age except in infancy (8,9). It is a widely recognized
complication of hereditary hemolytic anemia which includes
SCA (10,11). PAH has been reported to occur in 32%
of adult patients with SCD (12). However, limited data
exists on the prevalence and natural history of PAH among
children with SCA in Africa (13,14). PAH ultimately leads to
straining of the right ventricle and increases the risk of heart
failure in affected patients (11). The clinical presentation
of PAH in the early stage is usually nonspecific (15).
Its early symptoms are similar to those of many other
diseases that present with dyspnoea on exertion, thus,
delaying the diagnosis until the disease is far advanced (6,8).
The gold standard of measurement of MPAP is by right
sided heart catheterization but this method is highly invasive
and not suitable for screening purposes (5). Measurement
of the tricuspid regurgitant velocity (TRV) by Doppler
echocardiography to estimate the peak right ventricular
systolic pressure (RVSP), hence, pulmonary artery systolic
pressure (PASP) has been found to be the most accurate
noninvasive method to determine PAH and is almost always
used (5,10,16). In the absence of structural obstruction to
pulmonary blood flow, the peak RVSP is equal to PASP
quantified by Doppler echocardiography (5). The TRV
measured by Doppler echocardiography is further translated
mathematically using the modified Bernoulli equation to
quantify the peak RVSP. PASP is equal to the Bernoulli
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derived peak systolic right ventricular pressure in the absence
of obstruction to pulmonary blood flow (5,13). TRV values
of >2.5 m/s on Doppler echocardiography equating to PASP
of 30 mmHg and above derived from the modified Bernoulli
equation are correlated with PAH (17-20). Earlier studies
reported the prevalence of PAH among children with SCD in
steady state to be between 16% to 35% (5,17,21-24). This is
identical to adult findings (12,25). Many of these studies were
retrospective (17,22,23) and where prospective (5,21,24) only
a small sample size was used. Moreover, very few researchers
conducted studies on subjects within the first 3 years of life
(14,26). It is possible that this complication takes its origin
very early in childhood. PAH remains one of the leading
causes of death in adults with SCA worldwide (27,28). While
the prevalence of SCA is highest in sub-Saharan Africa (29),
very little has been reported on the prevalence of PAH as well
as risk factors for the development of this clinical condition
among children with SCD in Nigeria (29). PAH confers
a high risk of death with 2-year mortality rates as high as
40-50% even at modest elevation of pulmonary artery
pressure (23,27,30). Median survival age after detection of
the disease is said to be 25.6 months (18,19). Early detection
of elevated pulmonary artery pressure in childhood and
appropriate treatment with use of pharmacotherapy such as
hydroxyurea (25), endothelin receptor antagonists (ERA) (31)
and nitric oxide (NO) inhalation (31) may prevent the
progression of this complication. The current study,
in addition will help recommend the appropriate
age to commence screening transthoracic Doppler
echocardiography at the routine clinic evaluation programme
for children with SCA.

The general aim of this study was to determine the
pattern of pulmonary artery pressure in children with
SCA aged 1 to 12 years in steady state and their healthy
controls with hemoglobin AA genotype using Doppler
echocardiography at LASUTH.

The specific objectives were to determine the prevalence
of PAH in children with SCA aged one year to twelve years
in their steady state, compare the mean pulmonary artery
pressure of SCA patients in steady state with those of age
and sex matched Hb AA controls as well as to determine the
relationship between pulmonary artery pressure and age of
subjects studied.

Methods

The study was carried out at the paediatric sickle cell as well
as the Paediatric General Outpatient Clinics of the Lagos

Cardiovasc Diagn Ther 2019;9(3):204-213 | http://dx.doi.org/10.21037/cdt.2019.04.02



206 Lamina et al. Pulmonary artery pressure measurements in children with sickle cell anaemia

State University Teaching Hospital (LASUTH), situated
at the central part of Ikeja in Lagos, South West Nigeria.
It serves as a referral Centre for many primary health care
hospitals as well as private hospitals in Lagos. Its Paediatric
Unit has 80 beds (wards and emergency rooms inclusive).
Its Paediatric Outpatient Clinics operate on a daily basis
with an average of 100 patients attending both the General
Outpatient as well as the Specialty Clinics daily. This study
was an analytical, comparative, cross-sectional study which
involved children with SCA as well as age and sex matched
Hb AA genotype children as controls. The study period
spanned over 7 months (31" August 2015 through 31*
March 2016).

The study population comprised all SCA children aged
1 to 12 years attending the sickle cell clinic who were in
steady state as well as age and sex matched children with
documented genotype Hb AA attending the General
Outpatient Clinics who met the inclusion criteria and
whose parents/guardian gave a written informed consent.
Steady state was defined as all of the following (32): history
of an acute painful episode that required treatment in
the emergency department or in the hospital for at least
4 consecutive weeks after a previous painful crisis, no
history of blood transfusion during the previous 4 months
of the point in time, no history of intercurrent illness such
as infection, inflammation during the previous 4 weeks, no
treatment with medications such as antibiotics that may
affect blood counts during the previous 3 weeks.

The sample size was determined using the formula for
case control studies (33).

{1.28\/[1’0(1—130)+P|(1—R)] +1.96 [210(1-10)]}2 "

ns=

Where P, = Proportion of controls with pulmonary artery
hypertension derived from a Aliyu et al. study (29). P,
= Proportion of patients with sickle cell anaemia with
pulmonary artery hypertension derived from Aliyu ez 4l
study (29). P = Average proportions of controls and patients
with sickle cell anaemia with pulmonary artery hypertension.

__BOR
" [1+R(OR-1)] 2]

Where OR = odds ratio from a previous study (29)

P=(PO;PI) 5]

P, =7% (0.07), P, =25% (0.25), therefore,
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{1.28\/[0.07x(1—0.07)+0.25><(1—0.25)] +1.96\/[2x0.16x(l—0.16)]}2

0= [4]

(0.25-0.07Y’

n=186. This value was rounded off to the nearest ten to
give 190 subjects. For ease of stratification into groups, an
additional 10 patients was added to the above sample size
calculation to make a total of 200 subjects.

A total of 200 SCA patients were recruited. Using the
stratified sampling method, patients were stratified into
age brackets (1-3, 4-6, 7-9 and 10-12 years) with equal
numbers of male and female subjects being represented for
both SCA subjects as well as controls to avoid bias. A total
number of 400 patients were recruited consecutively for this
study.

Ethical approval was obtained from the Health Research
and Ethics Committee of the Lagos State University
Teaching Hospital. Parents/caregivers of subjects for the
study were fully briefed on the research protocol in the
language they understand after which a written informed
consent was obtained. Social class was determined
using Ovyedeji social class stratification which takes into
consideration the occupation as well as level of education of
both parents (34). An assent form was filled by children who
were 7 years of age and above. The cost of all investigations
was borne by the investigator. The inclusion criteria for
patients with SCD were; SCA aged 1 to 12 years who were
in steady state. The exclusion criteria were children with
pulmonary stenosis or any other structural heart defect
children who were on chronic blood transfusion and
children who were already on medications for pulmonary
hypertension.

The inclusion criteria for children with haemoglobin
AA Genotype were, children aged 1 to 12 years with
documented Hb AA genotype attending the Paediatric
General Outpatient Clinics who had recovered from acute
illnesses attending the follow up clinics as well as those
attending the dermatology clinic with no other co morbid
conditions. Eligible subjects as stated above with packed cell
volume (PCV) >30%. The weight of eligible children who
were 2 years of age and below was measured with a First
New England bassinet weighing scale model BB-21 while
the height of children 2 years and below was measured using
a Lincoln Mark England infant stadiometer code RGZ-
160. The weight of children aged 2 years and above was
measured using a Taylor glass digital weighing scale model
7906B. Body weight was recorded to the nearest 1 kg with
subject’s barefoot and wearing light clothing. The height of
children aged 2 years and above recruited for the present
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study was measured using a Seca portable stadiometer
height rod code ESE213. The weight and height measured
was used to calculate the BMI z score (BMIz) using the
WHO anthro and anthro plus applications. Transcutaneous
oxygen saturation levels were measured in all children
recruited into the present study with the aid of a Concord
Black Ox Pulse Oximeter Model SN 131226600721 with a
paediatric sensor. The pulse oximeter was placed on each
child’s thumb and oxygen saturation levels were read after
two minutes of tight placement on the thumb. Temperature
measurements were done with the aid of an Omron Digital
Thermometer MC-246.

Echocardiography

The study employed the use of a Philips GE-Medical
Systems Ultrasound, Vivid Q Doppler Echocardiography
Machine REF 145021WP SN 2084 owned by Lagos State
University Teaching Hospital. All eligible patients had
a 2-dimensional Doppler echocardiography performed
on them by the investigator inside the echocardiography
room located just beside the outpatient clinics. Appropriate
transthoracic transducer selection for subjects was made
at the time of evaluation. All subjects had a complete
echocardiography performed on them first to evaluate the
structure and function of the heart using the 2-dimensional
guided echocardiography machine before any cardiac
measurements were taken. Cardiac measurements were
performed according to the guidelines of the American
Society of Echocardiography (35). Measurements of the
TRV were done using four views (Apical 4-chamber,
Parasternal long axis, Parasternal short axis and Subcostal
views). An average of the measurements obtained in the
different views was documented as the TRV value for the
individual. The RVSP was calculated using the modified
Bernoulli equation (4x TRV’) added to the estimated
RAP, where TRV was the TRV measured. All the subjects
recruited had a normal inferior vena cava size with collapse
during inspiration >50%. Hence, the estimated right atrial
pressure used for all subjects and controls was 5 mmHg (4).
The pulmonary artery systolic pressure was then equal to
the Bernoulli derived RVSP in the absence of obstruction to
pulmonary blood flow.

Data analysis

Data collected was entered into Microsoft Excel spreadsheet
of a personal computer. Analysis of data was done using
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the statistical package for Social Sciences (SPSS) version
20.0. Descriptive statistics were represented for continuous
data using mean and standard deviation while frequency
and percentage were used to represent categorical data.
Continuous variables were assessed for normality using
the Kolmogorov-Smirnov test. Independent #-test and
Mann Whitney U test were used to compare clinical and
laboratory parameters between the groups of TRV values
(<2.5 and >2.5 m/s) while chi-square or Fisher exact test
was used for categorical variables. Bar charts were used to
represent the prevalence of PAH in controls and subjects as
well as the trend of PAH in subjects.

Results

A total of 400 children aged one to twelve years were
recruited. Out of this number, 200 were children with
known hemoglobin genotype SS children (subjects)
attending the Sickle Cell Clinic and 200 were known
hemoglobin genotype AA children (controls) attending the
Paediatric Follow-up as well as Outpatient clinics. 7able 1
shows the sociodemographic distribution of subjects and
controls. The mean age for controls was 6.51+3.39 years
and the mean age for subjects was 6.59+3.30 years. The
male to female ratio was 1:1. All the subjects were in steady
state and were on routine oral drugs consisting of folic
acid, proguanil and multivitamins. None of the subjects
were on chronic transfusion, hydroxyurea or other anti-
sickling drugs. Two hundred and fifty-nine (64.8%) of the
total number of subjects and controls belonged to the lower
socioeconomic class group.

Figure 1 shows the prevalence of PAH in controls and
subjects using a bar chart. None of the children with
haemoglobin genotype AA had PAH while 8% of the
children with sickle cell anaemia had PAH.

Table 2 shows TRV measurements in subjects and
controls. All 200 children with haemoglobin AA genotype
had TRV measurements <2.5 m/s which correlates with
PASP <30 mmHg (normal pulmonary artery systolic
pressure). Sixteen out of the 200 children with haemoglobin
SS genotype studied had TRV >2.5 m/s giving a pulmonary
artery hypertension rate of 8%. Out of this number, 15
(7.5%) had TRV measurements >2.5-2.99 m/s which
correlates with PASP of >30-40 mmHg (mild PAH) and 1
(0.5%) had a TRV of >3.0 m/s which correlates with PASP
of >41 mmHg (moderate PAH).

Figure 2 represents the trend of PAH across the stratified
age brackets in controls. The frequency of PAH increases
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Table 1 Socio-demographic characteristics of controls and subjects

Genotype, n (%)

Parameters Total, n (%) P value
Hb AA Hb SS

Age group (years) 1.000
1t03 50 (25.0) 50 (25.00 100 (25.0)
4to6 50 (25.0) 50 (25.00 100 (25.0)
7t09 50 (25.0) 50 (25.00 100 (25.0)
10to 12 50 (25.0) 50 (25.00 100 (25.0)

Gender 1.000
Male 100 (50.0) 100 (50.0) 200 (50.0)
Female 100 (50.0) 100 (50.0) 200 (50.0)

Social class 0.109
Upper class 26 (13.0) 15 (7.5) 41 (10.2)
Middle class 53 (26.5) 47 (23.5) 100 (25.0)
Lower class 121 (60.5) 138 (69.0) 259 (64.8)

Hb AA, haemoglobin AA; Hb SS, haemoglobin SS; Upper
social class, top government officials, affluent and wealthy
royals. Middle social class, professionals, public servants and
top business men. Lower socioeconomic class, petty traders,
temporary job workers and the unemployed.

o TRV groups
200+ 105%) [>3.0m/s
W2.5-29m/s
W<2.5m/s
1504
3
£
>
T 100
184 (92.0%)
200 (100.0%)
50
0
Hb AA Hb SS
VARO00001

Figure 1 Tricuspid regurgitant velocity measurements in controls
and subjects. P=0.000.

from 6% in the lowest age bracket to 10% in the lowest
age bracket. This trend was, however, not statistically
significant. Mantel Haenszel chi square for linear trend
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Table 2 Prevalence of pulmonary artery hypertension in controls
and subjects

Hemoglobin genotype

TRV (m/s)/PASP (mmHg) Hb AA Hb SS

n % n %
TRV <2.5 or PASP <30 200 100.0 184 92.0
TRV =2.5 or PASP =30 0 0.0 16 8.0

TRV, tricuspid regurgitant velocity; PASP, pulmonary artery
systolic pressure; Hb AA, haemoglobin AA genotype; Hb SS,
haemoglobin SS genotype.

5] 5 (10.0%)
0,
4 4 (8.0%)
o 3 (6.0%)
()
3
o
@
[
24
14
0- T
1-3 4-6 7-9 10-12

Age group (years)

Figure 2 The prevalence of pulmonary artery hypertension across

the age brackets in subjects.

(=0.34, P=0.56).

Conversion of TRV to systolic pulmonary artery
pressure in subjects with TRV of 2.5 m/s or more using
the Bernoulli equation is shown in Table 3. All the
subjects (16) with tricuspid regurgitant jet velocity of 2.5 m/s
or more had systolic pulmonary artery pressure equating
to 230 mmHg using the Bernoulli equation. Fifteen of the
subjects had mild pulmonary artery hypertension (range,
30.20-39.57 mmHg). One female Hb SS subject had
moderate pulmonary artery hypertension with a systolic
pulmonary artery pressure of 44.44 mmHg. The range of
systolic pulmonary artery pressure found in controls was
6.96-29.20 mmHg (in all the controls pulmonary artery
systolic pressure was <30 mmHg).

Table 4 shows the pulmonary artery systolic pressure
measurements in controls and subjects. The mean pulmonary
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artery pressure of controls was 13.76+5.71 mmHg while,
the mean pulmonary artery pressure of subjects was
18.54+5.81 mmHg. The mean pulmonary artery pressure
measurement was significantly higher among subjects when
compared with controls (P=0.000).

Table 5 shows the comparison of mean clinical parameters
between controls and subjects. The mean values of heart
rate and respiratory rate were significantly higher in subjects
(P=0.006 and 0.003 respectively). While, the mean BMI
z score and oxygen saturation values were significantly
higher in controls (P=0.000 and 0.001 respectively). Thirty-

Table 3 Conversion of mean tricuspid regurgitant velocity values to
mean pulmonary artery systolic pressure in subjects with tricuspid
regurgitant velocity >2.5 m/s

Age bracket n Mean TRV Mean pulmonary artery
(years) (m/s) systolic pressure (mmHg)
1to3 3 2.60+0.10 32.04+2.07

4106 4 2.58+0.09 31.62+2.04

7to9 4 2.60+0.07 32.04+1.43
10to12 5 2.71+0.23 34.38+5.44

TRV, tricuspid regurgitant velocity.

Table 4 Comparison of pulmonary artery systolic pressure
measurements in controls and subjects

Genotype, n (%) Total
PASP (mmHg) o Statistics
Hb AA Hb SS n (%)
<30 200 (100.0) 184 (92.0) 384 (96.0) F =16.667,
df=1,
>30 0(0.0) 16(80) 1640 L 0o

*, significant at P value <0.05, Fisher exact P=0.000. PASP,
pulmonary artery systolic pressure; Hb AA, haemoglobin AA
genotype; Hb SS, haemoglobin SS genotype.

209

one subjects versus five controls had hypoxemia defined as
oxygen saturation values of 94% and below. 7able 6 shows
pulmonary artery pressure measurements according to
gender distribution in subjects. Among the subjects, 9 (9%)
out of the total number female subjects had pulmonary artery
hypertension while 7 (7%) out of the total number of male
subjects had pulmonary artery hypertension 2.5 m/s. More of
the female subjects had pulmonary artery hypertension when
compared with male subjects. Moderate to severe pulmonary
artery hypertension was found in a 12-year-old female with
SCA. The finding of pulmonary artery hypertension in
more female subjects compared with male subjects was not
statistically significant (P=0.602).

Discussion

The present study highlights the pattern of pulmonary
artery pressure measurement in children with sickle cell
anaemia in steady state in comparison with their healthy
controls. The eight percent prevalence of pulmonary artery
hypertension found in children with sickle cell anaemia in
steady state in the present study is close to 11% found in
another prospective study conducted by Minniti ez #/. (10)
in the USA. The similarity in findings may be attributed
to a similar study population used, an overlap in the age
brackets of study as well as similarities in the techniques
used to estimate pulmonary artery pressure by Doppler
echocardiography. Other Nigerian studies have reported
varying prevalence rates of 25% (29), 22.6% (36) and
3.6% (37) respectively. While the former two included
adults (29) and older children (36) in their study population,
the latter study (37) proposed that the low prevalence
rate could be attributed to a relatively smaller sample
size of subjects recruited for the study. Another similar
study (5) conducted in the United States of America
involving children as well as adults with SCA a prevalence

Table 5 Comparison of mean values of clinical parameters between controls and subjects

Genotype
Clinical parameters Overall P value
Hb AA (n=200) Hb SS (n=200)
Heart rate (bpm) 96.23+13.00 101.42+13.77 103.25+13.51 0.006*
Respiratory rate (c/m) 24.68+2.79 25.81+4.52 25.25+3.80 0.003*
BMI z score 0.711+1.90 0.071+2.12 0.391+2.01 0.000*
Oxygen saturation (%) 98.22+1.12 96.52+2.69 97.39+2.24 0.001*

*, significant at P value <0.05. Hb AA, haemoglobin AA; Hb SS, haemoglobin SS; bpm, beats per minute; c/m, cycles per minute; BMI,

body mass index.
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Table 6 Pulmonary artery pressure (PAP) measurements according
to gender distribution in subjects

PAP (mmHg)
Gender Total P value
<30 (%) >30 (%)
Male 93 (93.0) 7 (7.0) 100 (100.0) 0.602
Female 91 (91.0) 9(9.0) 100 (100.0)
Total 184 (92.0) 16 (8.0) 200 (100.0)

of 30% was reported. Pulmonary artery hypertension is
a widely recognized complication of chronic haemolytic
anaemia which includes SCA (5,12,38). The age difference
may explain the wide disparity in the prevalence rates of
PAH in the present study when compared with that of
prevalence rates of studies including the adult population.
In addition, the present study group were a selection of
patients attending the routine sickle cell clinic, were on
routine drugs and are assumed to be better motivated for
regular treatment in LASUTH, a tertiary hospital situated
in the commercial center of the country with probably mild
to moderate effect of haemolysis and associated clinical
manifestations of SCA such as PAH. Routine care given
to these SCA patients may have ameliorated the effect
of haemolysis. Also, the Benin haplotype of SCD known
to confer moderate disease is known to predominate in
Nigeria (39) while the Bantu and Cameroon haplotypes
of SCD which confer severe disease were known to
predominate among subjects recruited into Pashankar
et al. (5) study conducted in the USA. This prevalent
haplotype in the present study region may have contributed
to the lower prevalence of pulmonary artery hypertension
found in the present study group relative to that found in
similar studies conducted outside the country.

The overall mean pulmonary artery pressure
derived from TRV measurements obtained on Doppler
echocardiography of children with SCA was significantly
higher than that of controls in the present study. This is
comparable to figures obtained in previous studies (5,10)
conducted on children and adults to determine the pattern
of pulmonary artery pressure. This finding suggests a
contributory effect of haemoglobin S genotype on PAH.
The higher mean pulmonary artery pressure found in
subjects with sickle cell anaemia in steady state can be
explained by the compensatory increase in cardiac output
secondary to chronic anaemia (40). The increase in cardiac
output is favored by an increase in the pulmonary blood
flow. An increased pulmonary blood flow requires that the
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precapillary pulmonary microcirculation vasodilate in order
to accommodate for the increased flow of deoxygenated,
sickled erythrocyte (41). In this high output state, any
interference with vasodilation of the pulmonary artery
by the high viscosity sickled blood cells will lead to an
increase in pulmonary artery pressure (41). Also, it has been
reported that the pulmonary artery pressure measurement
by Doppler echocardiography tends to be higher in patients
with SCA because of the seemingly thin habitus of some
children with SCA and hyper dynamic cardiac output which
favours an excellent Doppler image (29). The BMIz score
was significantly lower in children with SCA in the present
study when compared with controls.

The current study demonstrates that the prevalence of
PAH increased with age in children with SCA in steady state.
This is consistent with the findings of Minniti ez 4/. (10),
Colombatti et 4l. (14) and Dosunmu et 4/. (37) in the USA,
Italy and Nigeria respectively in which the prevalence of
PAH also increased with rising age. The finding however
contrasts with another Nigerian study conducted on
children and adults by Aliyu ez a/. (29) where the prevalence
of pulmonary hypertension declined with rising age.
Pashankar et /. (5) in the USA found no correlation
between age and increasing TRV measurements in a study
involving children and adults. Although, it is immediately
difficult to explain the disparity in the age-related trend of
prevalence of pulmonary artery hypertension between the
present study and the earlier stated studies, it is speculated
that the recent increase in survival of patients with SCA
in our environment may be accompanied by a rise in the
prevalence rates of SCA associated complications which
includes pulmonary artery hypertension. It is therefore,
understandable that the prevalence of pulmonary artery
hypertension increased with age in children with SCA in
the present study.

Pulmonary artery hypertension was found in a 2-year-old
male child with SCA in the current study. This would be the
youngest age documented in literature. Three years of age
was the youngest age studied and at which pulmonary artery
hypertension was found in previous studies (10,14). The
current finding therefore suggests that pulmonary artery
hypertension begins earlier than previously documented in
literature.

It is speculated that PAH occurs more among females
with SCA as it was noticed that more females with SCA
had pulmonary artery hypertension (though not significant)
compared with males in the present study. There are
conflicting reports of male preponderance (42) and female

Cardiovasc Diagn Ther 2019;9(3):204-213 | http://dx.doi.org/10.21037/cdt.2019.04.02



Cardiovascular Diagnosis and Therapy, Vol 9, No 3 June 2019

preponderance (30) of PAH in literature. It is therefore
not known for certain if gender has an influence on the
development of pulmonary artery hypertension.

Doppler echocardiographic screening for PAH in SCD
patients as early as the second year of life would help to
identify patients with PAH early before complications set
in. Pulmonary artery hypertension is known to progress
unnoticed because there are usually no symptoms or signs
until the disease have progressed far. Mortality rate is
said to be as high as 40-50% if left untreated over 24 to
40 months (10) All the sixteen subjects with pulmonary
artery hypertension in the present study were referred to the
cardiology clinic. TRV measurements in subjects with PAH
remained persistently elevated (>2.5 m/s) on repeat Doppler
echocardiography during clinic follow-up 3 months after
initial visit. All the affected subjects (16) are currently being
treated with bosentan an endothelin receptor antagonist and
are being followed up at the haematology and Cardiology
Clinics at LASUTH.

Conclusions

The prevalence of pulmonary hypertension in children with
sickle cell anaemia in steady state (8%) is high.

This complication was noticed as early as in the second
year of life in our study. This suggests that this complication
begins very early in childhood among children with sickle
cell anaemia.

The trend of pulmonary artery hypertension in children
with sickle cell anaemia appears to increase with age within
the age bracket studied.

The mean pulmonary artery pressure of children with
sickle cell anaemia in steady state is significantly higher
than the mean pulmonary artery pressure of children with

haemoglobin AA genotype.

Recommendation

There is a need to incorporate routine Doppler
Echocardiography measurement of tricuspid regurgitant
jet velocity for the evaluation of pulmonary artery
hypertension in children with SCA as early as the second
year of life considering the early onset of pulmonary artery
hypertension.

Limitation of study

The degree to which the different haplotypes of SCD

© Cardiovascular Diagnosis and Therapy. All rights reserved.
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influenced the prevalence of pulmonary artery hypertension
in the present study environment is not known.
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