
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, 

1
about 3.6 million people are infected by the virus.  The introduction of highly active antiretroviral therapy 

2(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 

3
traditional risk factors, HIV-related inflammation, and effects of antiretroviral drugs.  Human 

1Department of Internal Medicine, Federal Medical Centre Nguru, Nguru, Yobe State, Nigeria. 
2 Department of Medicine, College of Medical Sciences, University of Maiduguri, Maiduguri, Borno State 

3Nigeria Department of Medicine, Usman Danfodiyo University Teaching Hospital Sokoto

Corresponding Author: Dr Musa Mohammed Baba, Department of Internal Medicine, Federal Medical 
Centre Nguru, P.M.B 02 Nguru, Yobe State, Nigeria.
Email: drbaba01@gmail.com
Phone: +2348065588144

Kanem J Med Sci 2021; 15(2): 124-131
Open Access article distribution in the terms of the 
Creative commons Attribution License (CC by 4.0)

Original Article

Assessment of probability of pulmonary arterial hypertension among HIV-1 infected patients 
on haart and its relationship with Cd4 cells Count and viral load 

 
Cite his article as: Musa M. Baba, Faruk Buba, Mohammed A. Talle, Hayatu Umar,Musa A. Garbati,
Habu Abdul. Assessment of probability of pulmonary arterial hypertension among HIV-1 infected patients on haart and its 
relationship with Cd4 cells Count and viral load. Kanem J Med Sci 2021; 15(2): 124 - 131

th th thSubmitted: 13  May 2021  Accepted: 12  October 2021 Published: 15  February, 2022

Copyright: The Author(s). 2021
ISSN 2006-4772

https://doi.org/10.36020/kjms.2021.1502.007

1 2 2 3 2  1Musa M. Baba,  Faruk Buba,  Mohammed A. Talle,  Hayatu Umar, Musa A. Garbati, Habu Abdul.  

mailto:drbaba01@gmail.com


immunodeficiency virus-associated pulmonary 
arterial hypertension (HIV-PAH) was first reported 

4in 1987.  Subsequently, pulmonary arterial 
hypertension has been reported in HIV patients 

5irrespective of the degree of immune-deficiency.  
HIV patients have a 2500-fold increased risk of 

6developing PAH.  HIV associated pulmonary 
hypertension was said to be more severe and is 

7associated 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 

8dysfunction.

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 

9,10precision.  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 

11estimating 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 
2 2

N=Z P(P-1)   
2         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 

12guidelines, 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 

Right ventricle /left ventricle basal 

diameter ratio >1.0  

Flattening of the interventricular 

septum (left ventricular eccentricity 

index >1.1 in systole or both systole 

and diastole)  

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     

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

12NB-. Adapted from ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension 2015.

PROBABILITY OF PULMONARY HYPERTENSION

TRICUSPID REGURGITANT VELOCITY 

< 2.8 m/s >2.8 m/s BUT ≤ 3.4m/s >3.4m/s

2 or more echo features   2 or more echo features Yes

Yes YesNoNo

INTERMEDIATE 
PROBABILITY

LOW PROBABILITY HIGH PROBABILITY

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 

12diagnosis 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 
37.32±9.52, 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 31.02±5.78 and 77.36±32.32 
respectively. The mean CD4 cell count and viral load 
w e r e  6 1 2 . 6 5 ± 3 4 7 . 6 2  c e l l s / μ L  a n d
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/μL, 31(28.97%) had 
CD4 cell count of 250 – 500 cells/μL, 47(43.92%) 
had CD4 cell count of 501 – 1000 cells/μL, while 14 
(13.08%) had CD4 cell count greater than 1000 
cells/μL. 

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 

2were 0.98±1.83, 104.61±3.65ms, 17.54±1.85cm  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 
c e l l s  c o u n t  a n d  Vi r a l  l o a d  ( V L )  w i t h  
Echocardiographic variables associated with the 
probability of pulmonary artery hypertension.
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Parameters Mean Values ± SD

TRv (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

2RAA (cm ) 17.54±1.85

Table 1: Echocardiographic variables used to assess the probability of pulmonary artery hypertension in the studied population

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 

- 0.831 <0.001***
- 0.871 <0.001***
- 0.600 <0.001***
- 0.725 <0.001***
0.488 <0.001***
- 0.730 <0.001***
- 0.444 <0.001***

VL Correlation coefficient (r) P-Value
      0.835 <0.001***
     0.792 <0.001***

0.691 <0.001***
0.830 <0.001***

      - 0.567 <0.001***
    0.841 <0.001***

<0.001***0.567
DHT Correlation coefficient (r)

-0.287         0.007***   
 - 0.375              <0.005***  

        - 0.234                  0.028***   
  -0. 313             0.003***

        -0.329                 0.002***
         0.242        0.023***
        -0.291 0.006***

           P-Value

Trv (m/s)
PRv (m/s)
PATd (cm)
RV/LV
RVAT (ms)
LVEI
RAA (cm2)
Parameters
TRv (m/s)
PRv (m/s)
PATd (cm)
RV/LV
RVAT (ms)
LVEI
RAA (cm2)
Parameters
TRv (m/s)
PRv (m/s)
PATd (cm) 
RV/LV
LVEI
RVAT (ms)
RAA (cm2)

Parameters CD4 Correlation coefficient ® P-Value

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



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

2RAA (cm ) 0.021 0 .709
Parameters VL Beta Value P-Value
TRv (m/s) 0.333 <0.001***
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

2RAA (cm ) 0.043 0.437
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Parameters CD4 Beta value P-Value

Table 3: Regression analysis between CD4 cells count, Viral load (VL) with Echocardiographic parameters 
of pulmonary hypertension

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

Tricuspid regurgitant flow with velocity of 4.49m/s

Figure 3: Echocardiography showing pulmonary regurgitation

The pulmonary regurgitant flow velocity of 3.03m/s

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 

130.06-2.0%.  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 

14significant in keeping with the study by Brito et al.  
The pathogenesis linking HIV infection and chronic 

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 

15glomerulopathy and tubular microcystic disease.  
Chronic kidney disease in HIV is the result of 
complex interactions between viral genes, host 

16proteins, 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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17toxicity.  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 
probabili ty 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 

18,19virus.  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. 

Declaration: There is no conflict of interest 

References
1 NACA 2017 National Strategic Framework 

on HIV and AIDS: 2017 -2021
2 Nakazono T, Jeudy J, White CS. HIV-related 

cardiac complications: CT and MRI 
findings. AJR Am J Roentgenol. 2012; 
198 (2):364-369. 

3 Hsue PY, Hunt PW, Wu Y, et al. Association 
of abacavir and impaired endothelial 
function in treated and suppressed HIV-
infected patients. AIDS. 2009; 23 
(15):2021-2027.

4 K i m  K K ,  F a c t o r  S M .
M e m b r a n o p r o l i f e r a t i v e
glomerulonephritis and plexogenic 
p u l m o n a r y  a r t e r i o p a t h y  i n  a  
homosexual man with acquired 
immunodeficiency syndrome. Hum 
Pathol. 1987; 18(12):1293-1296.

5 Nunes H, Humbert M. Sitbobon O, et`al. 
Prognostic factors for survival in 
human immunodeficiency virus 
associa ted  pulmonary  ar ter ia l  
hypertension. Am J Respir  C r i t
Care Med. 2003;167(10)1433-1439

6 Correale M, Palmiotti GA, Lo Storto MM, 
Montrone D, Foschino Barbaro MP, Di 
Biase M, Lacedonia D. HIV-associated 
pulmonary arterial hypertension: from 
bedside to the future. Eur J Clin Invest. 
2015;45(5):515–28.



             

Original Article B et alMusa M

 Page 131 | Kanem J Med Sci 2021; 15(2): 124 - 131

7 Barnett CF, Hsue PY, Machado RF. 
P u l m o n a r y  h y p e r t e n s i o n :  a n  
increasingly recognized complication 
of hereditary hemolytic anemias and 
HIV in fec t ion .  JAMA.  2008;  
299(3):324-331.

8 Godsent C. Isiguzo, Basil N. Okeahialam, 
Solomon S. Danbauchi, Augustine N. 
Odili, Michael O. Iroezindu and 
Ugoagwu Placid. Letter to the Editor:  
C o n t r i b u t i o n s  o f  p u l m o n a r y  
hypertension to HIV-related cardiac 
dysfunction. Indian Heart Journal, 
2013;6 5:644-649

9 D'Alto M, Romeo E, Argiento P, et al. 
A c c u r a c y a n d  p r e c i s i o n  o f 
echocardiography versus right heart 
catheterization for the assessment of  
pulmonary hypertension. International 
Journal of Cardiology 2017 168  
4058–4062. 

10  Rich JD, Shah SJ, Swamy RS, Kamp A and 
Rich S. Inaccuracy of Doppler 
echocardiographic estimates of 
pulmonary artery pressures in patients  
with pulmonary hypertension. Chest 
2017 139 988–993.

11 Daniel X Augustine, Lindsay D Coates-
Bradshaw,  James  Wil l i s  e t `a l  
Echocardiographic assessment of 
pulmonary hypertension: a guideline 
protocol from the British Society of 
E c h o c a r d i o g r a p h y .
w w w . e c h o r e s p r a c t . c o m
https://doi.org/10.1530/ERP-17-0071

12 Galie N, Humbert M, Vachiery JL, et al. 
2015 ESC/ERS Guidelines for the 
diagnosis and treatment of pulmonary 
hypertension: the joint 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: Association for European Paediatric 
and Congenital Cardiology (AEPC), 
International Society for Heart and 

Lung Transplantation (ISHLT). 
European Heart Journal 2016; 37: 
67–119.

13 Zuber JP, Calmy A, and Evison JM. et al. 
Pulmonary arterial hypertension related 
t o  H I V i n f e c t i o n :  i m p r o v e d  
hemodynamics and survival associated 
with antiretroviral therapy. Clin. Infect. 
Dis. 2004; 38:1178-1185.

14 Brito RM, Nguyen DT, Johnson JR, et al. 
(2019) chronic kidney disease in 
pat ients  infected wi th  human 
immunodeficiency virus (HIV) in an 
urban cohort. PLoS ONE 14(4): 
e 0 2 1 5 5 7 5 .  h t t p s : / / d o i . o r g /
10.1371/journal.pone.0215575

15 D'Agati V, Suh JI, Carbone L, et al: 
Pa thology  of  HIV assoc ia ted  
nephropathy: A detailed morphologic 
and comparative study. Kidney Int. 
1989; 35:1358-1370

16 Winston JA, Bruggeman LA, Ross MD, et 
al: Nephropathy and establishment of a 
renal reservoir of HIV type 1 during 
primary infection. N Engl J Med 
344:1979-1984, 2001

17 Panwar A, Sharma SC, Kumar S, Sharma A. 
A study of anemia in human 
immunodeficiency virus patients: 
Estimating the prevalence, analyzing 
the causative effect of nutritional 
deficiencies, and correlating the degree 
of severity with CD4 cell counts. Med J 
DY Patil Univ 2016; 9:312-318

18 Bruce-Keller AJ, Barger SW, Moss NI, 
Pham JT, Keller JN, Nath A. Pro-
inflammatory  and  p ro -ox idan t  
properties of the HIV protein Tat in a 
microglial cell line: attenuation by 

17 beta-estradiol. J Neurochem 
2001; 78:1315–1324.

19 Albini A, Ferrini S, Benelli R, et al. HIV-1 
Tat protein mimicry of chemokines. 1. 
Proc

N a t l  A c a d  S c i  U S A  1 9 9 8 ; 9 5 :
13153–13158.

https://doi.org/

	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8



