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Abstract

Original Article

IntroductIon

Several reports in literature highlighted a strong 
association	between	human	 immunodeficiency	virus	 (HIV)	
infection and cardiac diseases, which increases patients’ 
morbidity	and	mortality.	HIV	itself,	as	well	as	autoimmune	
response,	and	usual	HIV	patients	high	cardiovascular	risk	profile	
are the main causes leading together to cardiac dysfunction,[1] 
whose variable clinical expression depends on many 
factors,	namely	disease	stage,	degree	of	 immunodeficiency,	
administration	of	anti‑HIV	drugs,	and	associated	opportunistic	
infections and malignancies.[2] Dilated cardiomyopathy with left 
ventricular	dysfunction	is	one	of	the	most	common	HIV‑related	

cardiovascular complications (around 30% of the patients).[2,3] 
An isolated and reversible right ventricular (RV) dysfunction, 
often coupled with pulmonary arterial hypertension, was 
identified	as	well	(10%–30%).[4,5] Since it is linked to increased 
mortality in the setting of many cardiovascular diseases,[6] 
several	 studies	 on	 cardiac	RV	 impairment	 in	HIV	patients	

Objective: Human	immunodeficiency	virus	(HIV)	infection	may	also	be	associated	with	cardiac	dysfunction,	thus	negatively	affecting	patients’	
morbidity and mortality. This preliminary study aimed at evaluating whether bi-and three-dimensional (3D) strain echocardiographic facilities 
were	able	to	identify	alterations	in	the	right	ventricular	(RV)	function	in	highly	selected	–	because	free	from	cardiovascular	risk	factors	and	
other	comorbidities	–	HIV	patients.	Materials and Methods:	Eight	of	these	specific	HIV	patients	(age:	32.0	±	3.6	years;	7	months)	treated	with	
highly	active	antiretroviral	therapy	(HAART)	were	enrolled	and	compared	with	8	sex‑,	age‑,	and	cardiovascular	risk	profile‑matched	healthy	
individuals. All underwent clinical evaluation and transthoracic echocardiography coupled with tissue Doppler, two-dimensional (2D), and 
3D speckle tracking imaging to examine their RV function. Results: All standard echocardiographic parameters resulted in the normal range, 
with	no	significant	differences	between	HIV	and	controls.	On	the	contrary,	2D	longitudinal	strain	(16.1%	±1.6%	vs.	17.8%	±0.9%, P = 0.02) 
and	Global	3D	strain	(28.5%	±3.6%	vs.	33.5%	±1.9%, P =	0.0002)	were	reduced	in	the	HIV	group.	Moreover,	Global	3D	strain	values	showed	
a direct correlation with RV fractional area change values (r = 0.66, P = 0.005). Conclusions: 2D longitudinal and 3D Global strain can 
identify	an	early	asymptomatic	RV	impairment	in	HIV	patients	free	from	other	risk	factors	and	comorbidities.	These	findings	seem	to	imply	
that	also	in	treated	with	HAART	and	well‑controlled	HIV	patients	an	early	asymptomatic	systolic	RV	dysfunction	is	present,	as	a	distinctive	
and	separated	pathological	entity	compared	with	classic	HIV‑related	pulmonary	arterial	hypertension	and	left	ventricular	dysfunction.	In	these	
patients, RV dysfunction is not revealed by standard echocardiography.
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were carried out; however, only few evaluated the subclinical 
abnormalities in participants with well-controlled viral and 
immunological state.[7]

This	pilot	study	aimed	at	analyzing	the	RV	function	in	HIV	
patients, in optimal clinical conditions (including normal left 
ventricular function and pulmonary arterial pressures [PAPs]) 
and free from traditional cardiovascular risk factors, using 
standard	 and	 advanced	 echocardiographic	 techniques	 (such	
as speckle tracking and 3D-echocardiography). Results were 
compared to those from healthy controls.

MaterIals and Methods

Population in the study
Eight	HIV	participants	(7	males	and	1	female)	were	selected	
over	the	354	followed	at	the	University	of	Cagliari.	They	were	
compared to eight healthy peers.

The	following	inclusion	criteria	were	adopted:	HIV	infection;	
age	range	18–50	years.

Exclusion criteria were as follows: ongoing or previous drug 
abuse, presence of opportunistic infections or tumors, existing 
cardiovascular diseases, or risk factors (familial history, smoking, 
diabetes, dyslipidemia, and hypertension). The decidedly strict 
criteria of inclusion/exclusion lead to recruit only 2.2% of the 
sample. Patients’ clinical and laboratory characteristics, collected 
from medical records review and participants’ individual 
interviews, are summarized in Table 1, Panel A.

According to the centers for disease control and prevention 
criteria,	 at	HIV	first	 diagnosis,	 one	 patient	was	 in	 clinical	
Stage A1, four in Stage A2, two in Stage B2, and one in Stage 
C3.	The	average	time	from	the	first	diagnosis	was	72	months	
(range 22-2). All the selected patients were treated with highly 
active	antiretroviral	therapy	(HAART),	i.e.,	a	combination	of	
at	least	three	drugs,	for	a	mean	time	of	5.8	years	(range	2–22).	
The infection was transmitted by sexual contact in seven 
patients	(two	heterosexual	and	five	homosexual	participants)	
and in one case by vertical transmission.

The study was approved by the Institutional Ethics 
Committee (PG/2015/1859) and conducted in accordance 
with	the	Declaration	of	Helsinki.	All	enrolled	participants	gave	
their informed written consent.

Laboratory data
In	all	HIV	patients,	viremia	was	suppressed	(≤50	copies/ml).	
CD4+	showed	optimal	levels	in	all	the	patients,	confirming	
good	adherence	to	HAART,	which	proves	to	be	effective	for	
values	>500	cell/μl	(mean:	684	±	25	cells/uL).

Standard echocardiography
A commercial system (Toshiba Artida-Toshiba Corp., Tochigi, 
Japan)	 equipped	with	 tissue	Doppler	 imaging	 (TDI)	 and	
speckle tracking facilities was used. Left ventricular ejection 
fraction	 (EF)	 (modified	 Simpson’s	 biplane	method),	 E/A	

Table 1: Patient’s clinical data (Panel A) and 
echocardiographic data (Panels B and C)

Panel A: Clinical data HIV patients (n=8) Controls (n=8)
Age (year) 32±3.5 32.7±6.2
Sex 7	♂–1♀ 7	♂–1♀
Height	(mt) 1.70±8.0 1.72±10.6
Weight (kg) 67.4±6.3 71.1±8.2
BSA (m2) 1.8±0.1 1.8±0.2
BMI (kg/m2) 23.2±0.6 23.9±0.5
Familiar	history - -
Hypertension - -
Dyslipidemia - -
Diabetes - -
Smoking - -
NRTI + PI (n) 2 -
PI (n) 1 -
NRTI + NNRTI (n) 5 -
GFR	(ml/min) 89,12 90, 37
Total cholesterolemia 
(mg/dl)

<200 <200

C-reactive protein (mg/L) 5 4
ESR (mm) 5 7
HBV	RNA Negative Negative
HCV	RNA Negative Negative
HIV	RNA	(copies/ml) <50 -
CD4+ (%) 28% -
CD4+ (cell/µl) 684±25 -
Panel B LV echocardiographic data
EDD (mm) 46.5±2.8 47.2±3.0
IVS (mm) 8.4±0.8 8.8±0.9
PW (mm) 7.9±0.9 8.7±1.1
LAVI (ml/m2) 24.7±5.5 25.0±2.6
EF	(%) 64.2±3.1 62.5±2.8
S (cm/s) 9.4±1.4 8.3±0.6
E/A 1.6±0.4 1.6±0.3
E’/A’ 1.5±0.2 1.6±0.4
E/E’ 6.0±1.2 6.0±1.0
Panel C RV echocardiographic data
EDD (mm) 34.0±3.0 32.0±2.0
TAPSE (mm) 22.0±5.0 24.0±3.0
TEI index (mm) 0.2±0.0 0.2±0.0
Right atrium area (cm2) 13.7±3.6 14.4±1.7
FAC	(%) 50.5±4.3 54.4±6.3
S’ (cm/s) 14.2±0.9 14.0±0.7
E/A 1.5±0.2 1.6±0.2
E’/A’ 1.1±0.3* 1.5±0.2
E/E’ 6.1±3.3 5.8±0.9
PAPs	(mmHg) 26.0±2.0 25.0±4.0
♂	 means	 MALES,	 while	 ♀	 means	 FEMALES,	 *P=0.02 versus 
controls. BSA=Body surface area, BMI=Body mass index, 
PI=Protease inhibitors, NRTI=Nucleoside Reverse Transcriptase 
Inhibitors, NNRTI=NonNucleoside Reverse Transcriptase Inhibitors, 
GFR=Glomerular	 filtration	 rate,	 ESR=erythrocyte	 sedimentation	 rate,	
IVS=Inter-ventricular septum, PW=Posterior wall, LAVI=Left atrium 
volume	 index,	 EF=Ejection	 fraction,	 E/A=Ratio	 between	 Early	 filling	
and Atrial peak velocity, EDD=End diastolic diameter, TAPSE=Tricuspid 
Anular	Plane	Systolic	Excursion,	FAC=Fractional	Area	Change,	S’=TDI	
S	wave	peak	velocity,	E’/A’=Ratio	between	TDI	Early	fi	lling	and	Atrial	
peak velocity, E/E’=Ratio between E wave at PWD and E’ wave at TDI, 
TDI=Tissue	Doppler	imaging,	PWD=Pulsed	wave	Doppler,	HIV=Human	
immunodefi	 ciency	 virus,	 PAPs=Pulmonary	 arterial	 pressures,	
HCV=Hepatitis	C	virus,	HBV=Hepatitis	B	virus
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ratio,	TDI	 peak	 systolic	 (S’),	 early	 diastolic	 (E′),	 and	 late	
diastolic	(A′)	were	measured.

Right ventricular function
Its	 study	 is	considerable	more	difficult	 than	 that	of	 the	 left	
ventricle. According to the most recent recommendations,[8] 
RV end-diastolic (RVEDA) and end-systolic (ESA) areas, RV 
fractional	area	change	(FAC)	(RVFAC	=	[[RVEDA‑RVESA]/
RVE-DA] × 100), peak PAPs, tricuspid annular systolic plane 
excursion (TAPSE), and RV myocardial performance index 
were calculated. Strain analysis was performed by tracking 
the endocardial RV surface in the apical four-chamber view 
with a point-and-click approach. The second larger concentric 
border was automatically generated and manually adjusted 
near the epicardium.[8]

3D transthoracic echocardiography was performed at the 
cardiac apex, with subjects lying in the left lateral position. 
Full‑volume	 images	were	 acquired	 over	 three	 consecutive	
cardiac cycles. A wide sector of 90° × 90° was used to ensure 
inclusion	of	the	entire	RV	inflow	and	body	cavity	in	the	3D	
full-volume data set.[8] The frame rate ranged from 18 to 
25 volumes/s. All echocardiographic recordings were stored in 
an	external	hard	disk	for	offline	analysis	(Advanced	Cardiology	
Package; Toshiba Medical Systems). On the basis of the 3D 
volume	data‑set,	a	five‑plane	evaluation	that	included	the	RV	
apical four-chamber view, two-chamber orthogonal view, and 
three short-axis views (at the apex, middle level, and base of 
the	ventricle)	were	displayed.	On	the	basis	of	these	five	views,	
the RV endocardial border was traced, and its movements 
during cardiac systole and diastole were automatically tracked 
to calculate global and regional area strain.[8]	From	global	and	
regional time-strain curves, the RV global peak area strain was 
determined.[8]

Statistics
Non‑parametric	Mann–Whitney	U‑test	 for	 noncontinuous	
variables;	Chi‑square	test	for	continuous	variables;	univariate	
analysis,	Pearson	correlation	coefficients,	and	regression	lines	
for relationships between the various parameters; multivariate 
analysis was not applied because of the small sample size; and 
minimum	level	of	statistical	significance: P < 0.05 (software 
SPSS	version	22.0,	SPSS	Inc.,	Chicago,	Illinois,	USA).

results

Standard echocardiography and TDI: no statistically 
significant	 differences	 in	 both	 left	 ventricle	 and	RV	values	
[Table 1, Panels B and C].

Speckle tracking echocardiography and three‑dimensional 
echocardiography
The	RV	longitudinal	strain	values	were	significantly	reduced	
in	the	HIV	patients	compared	to	controls	(P < 0.001), while 
the strain rate, despite higher values in healthy participants, 
resulted	not	significantly	reduced	(P = 0.17), probably due to 
the	small	sample	size	[Figure	1].

The	Global	3D	strain	was	lower	in	HIV	patients	than	in	healthy	
controls [Figure	2]	and	showed	a	direct	statistically	significant	
correlation	with	FAC	values	[r = 0.65, P = 0.005; Figure 3]. 
The observed reductions in RV longitudinal strain and Global 
3D	strain	are	relative,	rising	from	the	significant	differences	
between	values	in	HIV	group	versus	those	in	healthy	controls.

dIscussIon

Our	work	was	conducted	only	on	high‑selected	HIV	patients,	
i.e., without cardiovascular diseases and risk factors for 
developing	heart	disease,	as	confirmed	by	their	clinical	and	
instrumental evaluations. In addition, they presented positivity 
to	 serology	 for	HIV	with	 good	 immunological	 status	 and	
suppressed viremia.

Many literature reports highlighted the presence of an early RV 
involvement	in	HIV	patients,	which	may	be	isolated	or	coupled	
with a previous impairment in left ventricular function.[9,10] 
More recently, at advanced echo, it was demonstrated a 
reduction in RV systolic function parameters in more than a 
tenth of participants particularly at longitudinal strain.[4]

In this study, all conventional systolic RV function 
parameters (TAPSE; S’ wave at tricuspid annulus) and PAPs 
were	 normal	 in	 both	 groups.	However,	 the	 highly‑selected	
HIV	 patients	 were	 characterized	 by	 a	 reduction	 in	 RV	
myocardial deformation indices as measured by advanced 
echocardiography (speckle tracking). In these individuals, their 
subtle RV dysfunction seems to be a distinctive and separated 
pathological	 entity	 compared	 with	 classic	 HIV‑related	
pulmonary arterial hypertension and left ventricular 
dysfunction since of the normality of these two, as reported 
in  Table 1.

The study of myocardial deformation parameters is more 
sensitive than traditional indexes. In a recently published 
comprehensive review, all the echo parameters useful in RV 
anatomical and functional assessment where analyzed in detail 
including those of myocardial deformation (strain and strain rate) 
and those obtained by 3D-echocardiography. The latter was 
considered	 the	most	 promising	 technique	 in	 identifying	 a	
subclinical RV dysfunction.[11] When comparing 2D and 
3D echocardiography in the study of RV function with data 
obtained by cardiac magnetic resonance imaging (MRI), 3D 
echo proves to be able to assess both RV anatomy and function 
with	good	sensitivity	and	specificity.[12]

In our population, the reduction in both 2D longitudinal strain 
and 3D Global strain values seems to indicate a subclinical 
impairment in RV systolic function even in patients with 
still normal conventional echocardiographic parameters. In 
addition, the Global 3D strain showed a direct correlation with 
the	FAC,	one	of	the	most	reliable	echocardiographic	parameters	
in evaluating RV systolic function for its closely correlation 
with	the	EF	measured	with	gold	standard	techniques.

Criteria of inclusion in this study were particularly strict 
as	 testified	 by	 the	 excellent	HIV	 infection	 control,	which	
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was	confirmed	by	suppressed	viral	 load,	CD4+	cells	count,	
and	 normal	 inflammatory	 indexes.	Therefore,	 it	would	 be	
hypothesized that also when excluding cardiovascular risk 
factors and/or diseases and/or malignancies and when AIDS is 
well	controlled,	HIV	infection,	and/or	HAART	can	determine	
a subclinical impairment in RV function.

The pathophysiological mechanisms of myocardial damage 
in	 the	 course	 of	 HIV	 infection	 are	 well	 described	 in	
literature: a direct action of the virus, such as in viral 
myocarditis, involvement of proteins such as GP120, capable 
of determining a dysregulation in autophagy processes, thus 
altering	cardiomyocytes	function;	proinflammatory	cytokines	
stimulated by the chronic infection, whose direct action may 
have a negative inotropic action; induction of cardiomyocytes 
apoptosis by iNOS excessive activation, a component of the 

immune response previously demonstrated in myocarditis and 
dilated cardiomyopathy.[13]

On	the	other	hand,	it	 is	known	that	HAART	itself	can	induce	
cardiovascular diseases through various mechanisms, the most 
known of whom is related to an accelerated atherogenesis.[1,14] 
However,	the	particular	characteristics	of	the	enrolled	population	
seem to exclude a similar pathogenesis. It is likely the involvement 
of mechanisms other than atherosclerosis. In this respect, in 
HAART	patients,	we	had	previously	demonstrated	the	presence	
of subclinical alterations in left ventricular systolic function, 
depending on the class of administered antiretroviral agents.[15] 
Other studies are needed to better clarify this interesting issue.

The main limitation of this pilot study, i.e., the small sample 
size, is also its strength because the research focuses only on 

Figure 2: Measurement of three‑dimensional global strain at right ventricle

Figure 1: Two‑dimensional longitudinal and three‑dimensional global strain of the right ventricle (*P < 0.05; **P < 0.001)
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a very homogeneous population. All the possible confounding 
factors were eliminated beforehand. On the other hand, the 
examined patients were (and still are) the only available with 
the suitable characteristics in our university. Although we 
are looking for increasing the numerosity of the sample, it is 
likely	to	require	years.	Furthermore,	as	echocardiographic	RV	
function assessment still represents a challenge despite rapid 
improvement in imaging facilities, other reliable parameters 
might have been used.[16]	For	example,	an	undoubtedly	useful	
measurement,	such	as	RV	3D	EF,	was	not	calculated	because	
the commercial software that we used had not been previously 
validated to do that. We chose to seek possible correlations with 
FAC,	as	according	to	guidelines,	it	is	a	measure	of	RV	systolic	
function	that	was	shown	to	correlate	with	RV	EF	by	MRI.	RV	
FAC	was	found	to	be	an	independent	predictor	of	heart	failure,	
sudden death, stroke, and/or mortality in studies of patients 
after pulmonary embolism and myocardial infarction.[17] 
Finally,	we	 chose	 to	 include	 the	 interventricular	 septum	 in	
2D strain evaluation and not only the free wall, although it is 
more validated. The reason why we did so was to increase the 
uniformity between 2D and 3D global strain measurements.

conclusIons

2D longitudinal and 3D Global strain are able to identify an 
early	asymptomatic	RV	impairment	in	HIV	patients	free	from	
cardiovascular risk factors and comorbidities, treated with 
HAART,	 and	well‑controlled.	This	 dysfunction,	 although	
not revealed by standard echocardiography, is detectable 
by means of advanced facilities such as 2D and 3D speckle 
tracking imaging. A possible direct cardiotoxic effect due to 
HIV	infection	itself	and/or	HAART	was	suggested.	A	more	
careful cardiovascular follow-up even in these apparently less 
vulnerable	HIV	patients	is	undoubtedly	needed.
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Figure 3: Correlation between three‑dimensional global strain and 
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