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ABSTRACT

Background: HIV patients are more likely to develop cardiovascular disease than the general population
and have a 2500-fold increased risk of developing pulmonary artery hypertension (PAH). HIV associated
pulmonary hypertension was said to be more severe and is associated with higher mortality. Methodology:
Across-sectional conducted among consecutive HIV patients age greater than 18 years receiving treatment
at the antiretroviral therapy (ART) clinic of the Federal Medical Centre Nguru Yobe State Northeastern
Nigeria. Results: One hundred and twenty (120) subjects were recruited into the study, thirteen had
incomplete data and were excluded from the analysis. There was a significant negative correlation between
CD4 cells count with tricuspid regurgitant flow velocity (TRv), pulmonary regurgitant flow velocity (PRv),
pulmonary artery trunk diameter (PATd), right ventricular to left ventricular internal diameter (RV/LV)
ratio, left ventricular eccentricity index (LVEI), and right atrial area (RAA), while the correlation between
CD4 cells count and right ventricular acceleration time (RVAT) was positive and significant. On the other
hand, the correlations between viral load and TRv, PRv, PATd, RV/LV ratio, and RAA were positive and
significant while that between viral load and RVAT was negative and significant. Conclusions: This study
revealed that HIV patients with low CD4 cell count and high viral load had a high probability of developing
PAH ( significant negative relationship between variables associated with the probability of PAH with CD4
cell count and significant positive relationship with viral load), In HIV patients the probability of
developing PAH decreases with adequate treatment (that suppress viral replication and increases CD4
count). We, therefore, recommend routine assessment of the probability of PAH in patients with HIV
infection particularly those with low CD4 cell count and high viral load and encourage early
commencement of HAART to prevent the development of pulmonary arterial hypertension.
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Introduction

Nigeria has the second-highest burden of Human Immunodeficiency Virus (HIV) infection in the world,
about 3.6 million people are infected by the virus.' The introduction of highly active antiretroviral therapy
(HAART) decreases the mortality and morbidity associated with HIV infection.” Therefore, HIV patients
live longer however, this survival advantage was not free from complications. HIV patients are more likely
to develop cardiovascular disease than the general population, this is probably due to a combination of
traditional risk factors, HIV-related inflammation, and effects of antiretroviral drugs.’ Human
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immunodeficiency virus-associated pulmonary
arterial hypertension (HIV-PAH) was first reported
in 1987." Subsequently, pulmonary arterial
hypertension has been reported in HIV patients
irrespective of the degree of immune-deficiency. °
HIV patients have a 2500-fold increased risk of
developing PAH.° HIV associated pulmonary
hypertension was said to be more severe and is
associated with higher mortality.” Isiguzo et al
reported a case prevalence of HIV-related PAH as
4.0% and it developed earlier than the other cardiac
dysfunction.”

The echocardiographic approach in estimating
pulmonary artery systolic pressure (PASP) using a
derivation of right ventricular pressure from the
tricuspid regurgitation (TR) velocity added to right
atrial pressure (RAP) have demonstrated a good
correlation with the invasive method of
measurement of pulmonary artery pressure through
right heart catheterisation but only to a moderate
precision.”"” However, for an individual patient
significant overestimation and underestimation, can
occur and the levels of agreement between the two is
poor. A recent guideline has suggested that
echocardiographic assessment of PAH should be
limited to determining the probability of pulmonary
arterial hypertension being present rather than
estimating the pulmonary artery pressure.'
Therefore, echocardiography can only assess the
probability of PAH being present rather than provide
a definitive diagnosis. The diagnosis of PAH in our
routine clinical practice is therefore challenging.
We, therefore, aimed to assess the probability of the
presence of PAH using echocardiography among
HIV patients receiving highly active antiretroviral
therapy and to determine its relationship with CD4
cells count and viral load.

Materials and Methods: The study was cross-
sectional conducted among HIV patients older than
18 years receiving highly antiretroviral therapy
(HAART) at the Federal Medical Centre, Nguru,
Yobe State, Northeastern Nigeria. Patients with pre-
existing lung disease were excluded from the study.
Patients suspected of having pulmonary
tuberculosis (PTB) were asked to do sputum for
Xpert MTB/RIF assay and acid-fast bacilli as well as
chest X-ray to exclude active PTB those confirmed
with pulmonary tuberculosis were excluded from
the study. Also excluded from the study were

patients with a history of heart disease predating
HIV infection, patients with a history of significant
alcohol consumption, cigarette smoking, those with
known connective tissue disease or sickle cell
anaemia. Ethical approval was obtained from the
Ethics and Research Committee of the Federal
Medical Centre, Nguru. All participating subjects
signed a consent form before enrollment.

Sample size was calculated using the formula
NZZZPZ(P—I)Z
D

Where N = Sample size, Z= Level of confidence at
95% (1.96), P =Prevalence and D =Margin of error
at 5% (0.05). However, the exact prevalence of
pulmonary artery hypertension among HIV patients
on treatment in Nigeria is not known, we, therefore,
used 50% as the prevalence to calculate the sample
size that gave us one hundred and ninety-two (192).
However, only one hundred and seven subjects
consented to the study this gave a response rate of
55.7%. Information on demographic and clinical
characteristics was obtained from their respective
case notes. General physical examination including
anthropometric measurements was carried out for
all subjects, and their body mass indices (BMI) were
calculated. All patients had full cardiovascular and
respiratory system examinations. All patients had
fasting blood glucose, fasting lipid profile, serum
electrolytes, urea and creatinine, urinalysis and
packed cell volume (PCV). CD4 cell count and viral
load estimation were done using Cyflow laser
product Patec GmbH Am plus Platz 13 D028282010
and Cobas Ampliprep Cobas tagman (48 samples
per batch) model 395808 Ampliprep/4312
machines, respectively. Echocardiography was
done by the first author using an Aloka alpha 6
echocardiography machine with a transducer
frequency range of 1-15Hz, and assessment for the
probability of PAH was based on the standard
guidelines, flow chart (Fig 1) and Table 1.”
Statistical analysis was done using SPSS version
21.0 (IBM Spss Statistics). Data were presented as
mean + standard deviation (SD) for continuous
variables, while categorical variables were
expressed as frequencies and proportions.
Correlation and regression analysis were done to
determine the relationship between CD4 cells count
and viral load with echocardiographic parameters
(determinants of pulmonary hypertension). A P
value of <0.05 was considered significant.
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Figure 1: Flow chart to assess the probability of pulmonary artery hypertension
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Fig 1 Flow chart to assess the probability of pulmonary hypertension using parameters identified from within 2 or more categories (the ventricles,
pulmonary artery or the inferior vena cava and right atrium) in conjunction with tricuspid regurgitation velocity. Adapted from ESC/ERS Guidelines for the

diagnosis and treatment of pulmonary hypertension 2015",

Table 1: Echocardiographic variables associated with the probability of pulmonary artery hypertension

A: The ventricles B: Pulmonary artery C: Inferior vena cava and right atrium
Right ventricle /left ventricle basal Right ventricular outflow Doppler Inferior vena cava diameter >21 mm
diameter ratio >1.0 acceleration time <105 ms and/or mid ~ with decreased inspiratory collapse

systolic notching (<50% with a sniff or <20% with quiet
respiration)
Flattening of the interventricular Early diastolic pulmonary Right atrial area (end systole) >18 cm’

septum (left ventricular eccentricity regurgitation (PR) velocity >2.2 m/s

index >1.1 in systole or both systole
and diastole)
PA diameter >25 mm

Echocardiographic parameters from at least two different categories (A, B or C) from the list should be present to
determine the probability of pulmonary hypertension

NB-. Adapted from ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension 2015."
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Results:

Clinical and demographic characteristics of the
studied population

One hundred and seven (107) subjects were
recruited into the study comprising thirty-seven
(34.6%) males and seventy (65.4%) females. The
mean age, body mass index (BMI) and duration of
HIV infection in years of the studied subjects were
37.3249.52,23.52+6.16 and 5.50+2.34 respectively.
Eight subjects (7.5%) with HIV were hypertensive
while the remaining 99(92.5%) were normotensive,
the mean systolic and diastolic blood pressure of the
subjects were 137.66+96.56 and 82.52+7.53
respectively, none of the subjects were diabetic.

Laboratory findings among the studied
population

One patient (0.93%) had HIV/Hepatitis B virus
(HBV) co-infection and none had Hepatitis C virus
(HCV) co-infection. While the mean packed cell
volume (PCV) and estimated glomerular filtration
rate (eGFR) were 31.0245.78 and 77.36+£32.32
respectively. The mean CD4 cell count and viral load
were 612.65+347.62 cells/pL and
315.44+271.11copies/mL respectively. There was a
significant positive correlation between eGFR and
PCV with CD4 cell count (r = 0.601 p-value = <
0.001), (r=-0.529, P-value=<0.001), respectively.
While the relationship between eGFR and PCV with
viral load were negative and significant (r=-0.603, p
=<0.001), (r=-0.681, p =< 0.001) respectively.
Similarly on regression analysis, the relationship
between eGFR and PCV with CD4 cells count
remained positive and significant (beta = 0.459, p =
< 0.001), beta = 0.309, p = < 0.001) respectively.
While that between eGFR and PCV with viral load
remained negative and significant (beta =- 0.368, p
=<0.001), (beta=-0.505, p=<0.001) respectively.
Among the 107 subjects, 15 (14.1%) had CD4 cell
count of less than 250 cells/puL, 31(28.97%) had
CD4 cell count of 250 — 500 cells/uL, 47(43.92%)
had CD4 cell count of 501 — 1000 cells/uL, while 14
(13.08%) had CD4 cell count greater than 1000
cells/uL.

Echocardiographic variables for the assessment
of the probability of pulmonary artery
hypertension among the studied population.

The mean tricuspid regurgitant velocity, pulmonary
artery regurgitant velocity and pulmonary artery
trunk diameter were 2.53+0.66m/s, 1.75+0.91m/s

and 2.25+0.29cm respectively. The mean left
ventricular eccentricity index, right ventricular
acceleration time, right atrial area and right
ventricular to left ventricular internal diameter ratio
were 0.98+1.83, 104.61+3.65ms, 17.54+1.85¢cm” and
0.97+0.16 respectively. Table 1 showed the
echocardiographic variables used in assessing the
probability of pulmonary hypertension. Sixty-one
(57.0%) had a low probability of pulmonary
hypertension, 9(8.4%) had an intermediate
probability of pulmonary hypertension and
38(35.51%) had a high probability of pulmonary
hypertension.

There was a significant negative correlation between
CD4 cell count with tricuspid regurgitant flow
velocity (TRv), pulmonary regurgitant flow velocity
(PRv), pulmonary artery trunk diameter (PATd), right
ventricular to left ventricular internal diameter
(RV/LV) ratio, left ventricular eccentricity index
(LVEI), and right atrial area (RAA), while the
relationship between CD4 cell count and right
ventricular acceleration time (RVAT) was positive and
significant. However, the relationship between CD4
cell count and the duration of HIV treatment was
positive and significant.

On the other hand, the relationship between viral load
and TRv, PRv, PATd, RV/LV ratio and RAA were
positive and significant while that between viral load
with RVAT and duration of HIV treatment in years
were negative and significant. The study also revealed
a significant negative relationship between the
duration of HIV treatment and variables associated
with the probability of pulmonary artery hypertension
(TRv, PRv, PATd, RV/LV ratio, LVEI, RAA), and a
positive relationship with RVAT. Table 2 showed the
correlation between CD4 cells count, Viral load (VL)
and Duration of HIV treatment (DHT) with
echocardiographic variables associated with the
probability of pulmonary artery hypertension. On
regression analysis, only TRv and PRv maintained a
significant negative relationship with CD4 cells count
and a significant positive relationship with viral load.
Table 3: showed the regression analysis between CD4
cells count and Viral load (VL) with
Echocardiographic variables associated with the
probability of pulmonary artery hypertension.
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Table 1: Echocardiographic variables used to assess the probability of pulmonary artery hypertension in the studied population

Parameters Mean Values + SD
TRy (m/s) 2.53+0.66

PRv (m/s) 1.75+£0.91

PATd (cm) 2.25+0.29
RV/LV ratio 0.98+0.17

LVEI 0.98+1.83

RVAT (ms) 104.61+3.65
RAA (cm’) 17.54+1.85

TRv = Tricuspid Regurgitant flow Velocity, PRv = Pulmonary Regurgitant flow Velocity, PATd = Pulmonary Artery Trunk diameter, RV/LV = Right
Ventricular to Left Ventricular internal diameter ratio, RVAT = Right Ventricular Acceleration Time, LVEI=Left= Ventricular Eccentricity Index, RAA=
Right Atrial Area, *** = Significant at P=<0.05

Table 2: Correlation between CD4 cells count, Viral load (VL) and Duration of HIV treatment (DHT) with
echocardiographic variables associated with the probability of pulmonary artery hypertension

Parameters CD4 Correlation coefficient ® P-Value
Trv (m/s) -0.831 <0.001***
PRv (m/s) -0.871 <0.001%*%**
PATd (cm) -0.600 <0.001%*%**
RV/LV -0.725 <0.001%*%**
RVAT (ms) 0.488 <0.001***
LVEI -0.730 <0.001***
RAA (cm’) - 0.444 <0.001%**
Parameters VL Correlation coefficient (r) P-Value
TRy (m/s) 0.835 <0.001%*%*%*
PRv (m/s) 0.792 <0.001%*%**
PATd (cm) 0.691 <0.001%***
RV/LV 0.830 <0.001***
RVAT (ms) -0.567 <0.001***
LVEI 0.841 <0.001%**
RAA (cm’) 0.567 <0.001***
Parameters DHT Correlation coefficient (r) P-Value
TRy (m/s) -0.287 0.007%**
PRv (m/s) -0.375 <0.005%%**
PATd (cm) -0.234 0.028%**
RV/LV -0. 313 0.003%**
LVEI -0.329 0.002***
RVAT (ms) 0.242 0.023%**
RAA (cm’) -0.291 0.006%**

TRv = Tricuspid Regurgitant flow Velocity, PRv = Pulmonary Regurgitant flow Velocity, PATd = Pulmonary Artery Trunk diameter,
RV/LV = Right Ventricular to Left Ventricular internal diameter ratio, RVAT = Right Ventricular Acceleration Time,
LVEI = Left = Ventricular Eccentricity Index, RAA = Right Atrial Area, DHT= Duration of HIV Treatment *** = Significant at P = <0.0
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Table 3: Regression analysis between CD4 cells count, Viral load (VL) with Echocardiographic parameters

of pulmonary hypertension

Parameters CD4 Beta value P-Value
TRv (m/s) -0.386 <0.001***
PRv (m/s) -0.559 <0.001***
PATd (cm) 0.048 0.433
RV/LV -0.006 0.959

RVAT (ms) -0.015 0.805

LVEI -0.091 0.509

RAA (cm’) 0.021 0.709
Parameters VL Beta Value P-Value
TRv (m/s) 0.333 <0.0071%**
PRv (m/s) 0.184 0.010%**
PATd (cm) 0.093 0.131
RV/LV 0.170 0.152
RVAT (ms) 0.040 0.514
LVEI 0.244 0.074
RAA (cm’) 0.043 0.437

TRv = Tricuspid Regurgitant flow Velocity, PRv = Pulmonary Regurgitant flow Velocity, PATd = Pulmonary Artery Trunk diameter,
RV/LV = Right Ventricular to Left Ventricular internal diameter ratio, RVAT = Right Ventricular Acceleration Time,
LVEI = Left = Ventricular Eccentricity Index, RAA = Right Atrial Area, *** = Significant at P = <0.05

Figure 2: Echocardiography showing Tricuspid regurgitation
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Discussion

Human immunodeficiency virus (HIV)-related
pulmonary hypertension is a progressive disease
leading to right ventricular disease, right ventricular
failure and death with a worldwide prevalence of
0.06-2.0%."” Reports from other parts of Africa
however suggest a much higher prevalence of about
5% (3). Our study was aimed at assessing the
probability of pulmonary hypertension among HIV
patients and not to establish the diagnosis. In this
study, we found that eGFR was significantly lower
in patients with low CD4 cell count and high viral
load indicating that the relationship between eGFR
and CD4 cell count was positive and significant
while that between viral load was negative and
significant in keeping with the study by Brito et al."
The pathogenesis linking HIV infection and chronic

Figure 3: Echocardiography showing pulmonary regurgitation
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kidney disease is the disruption of multiple cellular
pathways in all renal compartments, including
podocytes and tubular epithelial cells by the HIV
resulting in the classical pathological changes of
HIV associated nephropathy: collapsing
glomerulopathy and tubular microcystic disease."”
Chronic kidney disease in HIV is the result of
complex interactions between viral genes, host
proteins, and host genetic factors.” Similarly we
also found a positive and significant relationship
between packed cell volume and CD4 cell count and
a negative relationship between packed cell volume
with viral load. Several causes of anaemia have been
reported in HIV patients, among which were iron,
vitamin B12, folate and minerals deficiencies. Other
causes include drugs and cytokines induced marrow
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toxicity.” Majority of the patients in this study were
on first-line HAART in which Zidovudine is one of
the components which might have contributed to the
development of anaemia seen in these patients.

In this study, we found that 38(35.5) of patients had a
high probability of PAH and is predominantly
among patients with low CD4 cell count and high
viral load. Nine (8.4%) had an intermediate
probability of having pulmonary artery
hypertension, while the majority of patients (57.0%)
with low viral load and high CD4 cell count had a
low probability of having pulmonary artery
hypertension. We also observed a negative but
significant relationship between variables
associated with the probability of pulmonary artery
hypertension (TRv, PRv, PAT diameter, RAA,
RV/LV internal diameter ratio, and LVEI) with CD4
cell count and a significant positive relationship with
viral load. Furthermore, we also observed a
significant negative correlation between the
duration of HIV treatment and variables associated
with the probability of PAH except that with right
ventricular acceleration time (RVAT) which was
positive and significant. The exact pathogenesis of
HIV-associated PAH (HIV-PAH) is not clearly
understood, however certain factors were said to
play important roles. The pulmonary endothelium is
constantly exposed to blood cellular components
and interacts with the extracellular matrix, while
vasculitides are known outcomes from infectious
pathogens. However, it is not certain if the
vasculitides are due to persistent viral infection,
exposure to toxic viral proteins, or virus-induced
immune activation. Viral proteins such as Nef and
Tat have been shown to induce endothelial
dysfunction and increase inflammation through
activation of adhesion molecules and the production
of inflammatory chemokines independent of the
virus.™"” HIV-infected individuals are frequently co-
infected with other viruses and bacteria that may
contribute to the development of PAH. In this study,
however, only one patient had HIV-HBV co-
infection suggesting that findings in this study were
mainly due to HIV infection. Our findings also
suggest that patients with HIV when adequately
treated (with suppressed viral loads and high CD4
cell counts), the probability of developing PAH
decreases. Similarly, it also suggests that there is a
need to look out for PAH in patients with HIV who
have virologic and immunologic failure on HAART.

Conclusion

This study revealed that HIV patients with low CD4
cells count and high viral load had a high probability
of developing PAH as there was a significant
negative relationship between variables associated
with the probability of PAH with CD4 cell count and
a significant positive relationship with viral load.,
Adequately treated HIV patient (with suppressed
viral loads and high CD4 cell counts), decrease the
probability of developing PAH. We, therefore,
recommend a routine assessment of the probability
of PAH in patients with HIV infection particularly
those with low CD4 cell count and high viral load
and encourage early commencement of HAART to
prevent the development of pulmonary artery
hypertension.
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