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Mixed Pulmonary Hypertension: HIV Infection as an Underlying Cause
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ABSTRACT
In the context of HIV infection, pulmonary hypertension (PH) represents an uncommon but clinically significant 
complication, particularly when mechanisms corresponding to Groups 1 and 4 coexist. We present the case of a 50-year-
old male patient with well-controlled HIV and a history of pulmonary tuberculosis, who presented with progressive 
dyspnea, initially suspected to be a tuberculous reactivation. A chest CT scan revealed a cavitary pulmonary lesion 
and an organized lobar thrombus, findings later confirmed by right heart catheterization, which showed parameters 
consistent with precapillary PH. Catheter-directed thrombolysis was performed using the EKOS® system, resulting 
in favorable clinical evolution without adverse events. Subsequently, initiation of targeted vasodilator therapy was 
planned. To our knowledge, this is the first case reported in Colombia describing the use of the EKOS® system in 
an HIV-positive patient with mixed PH. This therapeutic approach offers a safe and effective alternative in complex 
clinical settings with limited resources, such as those in the Caribbean region. The case highlights the importance of 
early hemodynamic assessment and of therapeutic strategies tailored to regional contexts.
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Introduction
Within the spectrum of diseases affecting pulmonary circulation, 
pulmonary hypertension (PH) is defined as a functional alteration 
of the pulmonary vascular bed and a progressive overload of the 
right ventricle. Its contemporary classification organizes it into 
five etiological groups based on pathophysiological mechanisms, 
hemodynamic profiles, and associated clinical conditions [1-3]. 

Particularly, groups 1 and 4 represent scenarios of special diagnostic 
and therapeutic complexity: the first, due to its relationship with 
uncommon diseases such as HIV infection; the second, due to its 
association with chronic thromboembolic disease, which may be 
susceptible to curative treatment through surgery or interventional 
techniques [1,4,5].

In individuals living with human immunodeficiency virus (HIV), 
pulmonary arterial hypertension (PAH) constitutes an unusual 
yet clinically relevant complication. It is attributed to processes 
of endothelial activation, immunoregulatory alterations, and 
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irreversible vascular remodeling, even when adequate virological 
control is achieved [6-8]. From a hemodynamic perspective, the 
presentation is usually of the precapillary type, with features 
indistinguishable from idiopathic PAH [9], and it has been 
associated with unfavorable clinical outcomes and survival in the 
absence of specific therapies [6,10].

On the other hand, chronic thromboembolic pulmonary 
hypertension (CTEPH) arises as a consequence of unresolved 
pulmonary thrombotic episodes, which induce persistent vascular 
obstruction, secondary angiopathy, and distal remodeling. This 
process gives rise to a mixed form of PH that can be definitively 
treated if diagnosed in early stages [11-13]. In this context, 
therapeutic tools such as ultrasound-assisted thrombolysis 
(EKOS®) have been developed, which are useful in selected cases 
with proximal disease or contraindications for surgery [14-16].

The diagnosis of these PH variants necessarily requires right 
heart catheterization, which allows confirmation of the patient’s 
hemodynamic profile. In those living with HIV, a careful evaluation 
of vasoreactivity is essential, as well as consideration of potential 
interactions between antiretroviral therapy (ART) and pulmonary 
vasodilators [17,18].

Regarding treatment, HIV-associated PAH is approached with a 
therapeutic scheme similar to that used in other group 1 forms. 
This includes endothelin receptor antagonists, phosphodiesterase-5 
inhibitors, and prostacyclin analogs, with personalized adjustments 
according to patient tolerance and clinical risk level [3,17,19]. 
Although intensive ART has been shown to improve clinical and 
hemodynamic parameters, its effect on the specific progression of 
PAH continues to be under investigation [6,20].

Against this background, we describe the case of a 50-year-old 
male patient with controlled HIV infection who developed a mixed 
form of PH corresponding to groups 1 and 4. Findings included 
organized thrombus, pulmonary infarction, vascular remodeling, 
and a partial hemodynamic response. Treatment involved 
an endovascular intervention with the EKOS® system and a 
complete hemodynamic characterization, thereby exemplifying 
the complexity of diagnosing and managing combined PH in 
immunocompromised patients, as well as highlighting emerging 
options for targeted treatment in challenging clinical contexts.

Clinical Case
A 50-year-old man, with a previous diagnosis of HIV infection 
under antiretroviral therapy with adequate virological response 
(viral load <200 copies/mL in September 2023 and CD4+ count 
of 378 cells/μL in December 2024), and a history of pulmonary 
tuberculosis treated eight years earlier, presented with progressive 
exertional dyspnea, orthopnea, right-sided pleuritic chest pain, 
desaturation episodes, and mild general symptoms such as asthenia 
and decreased appetite.

Chest computed tomography (Figures 1 and 2) revealed 
thickening of the interlobular septa in the right upper lobe, 

cystic bronchiectasis, peripheral consolidations of subpleural 
distribution, and areas with ground-glass pattern. These findings, 
in the patient’s clinical context, initially raised suspicion of 
reactivation of pulmonary tuberculosis. Given this diagnostic 
possibility, empirical antimicrobial therapy was initiated, and 
bronchoscopy was scheduled for diagnostic purposes.

Figure 1: Non-contrast chest computed tomography, lung window, apical 
slice.

Figure 2: Non-contrast chest computed tomography, lung window, 
inferior slice.

During bronchoscopy, no findings compatible with active 
inflammation or endobronchial lesions were observed, nor were 
purulent secretions identified. The analysis of the bronchoalveolar 
lavage was negative for acid-fast bacilli (AFB) on Ziehl-Neelsen 
staining, as well as for the GeneXpert MTB/RIF molecular test, 
mycobacterial culture, and the viral panel. With these results, the 
possibility of tuberculous reactivation or bacterial coinfection was 
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ruled out, leading to the discontinuation of empirical antimicrobial 
therapy.

Given the persistence of dyspnea and hypoxemia, a transthoracic 
echocardiogram was requested, which revealed signs of right 
ventricular overload and elevated pulmonary artery systolic 
pressure (PASP). These findings led to the indication of a right 
heart catheterization complemented by bilateral pulmonary 
arteriography.

The hemodynamic study, performed on February 13, 2025, showed 
an abrupt filling defect with interruption of flow in the right upper 
lobar artery, compatible with a chronic organized occlusive 
thrombus. At the distal level, perfusion appeared irregular, with 
areas of segmental hypoperfusion, showing an angiographic 
pattern suggestive of chronic pulmonary thromboembolism.

Hemodynamic parameters revealed a mean pulmonary artery 
pressure of 23 mmHg, a transpulmonary gradient of 12 mmHg, and 
mildly elevated pulmonary vascular resistance (2.4 Wood units), 
without elevation of pulmonary capillary wedge pressure. Right 
atrial pressure was 12 mmHg, at the upper limit of normal. Taken 
together, these values defined a hemodynamic profile consistent 
with mild precapillary pulmonary hypertension, probably in the 
context of chronic thromboembolic pulmonary hypertension 
(group 4), with additional suspicion of HIV-associated pulmonary 
arterial hypertension (group 1), given the virological control and 
the absence of postcapillary or structural causes.

In view of the evidence of persistent functional impairment 
and the angiographic finding of an organized thrombus, the 
multidisciplinary team opted to perform an endovascular 
intervention using the EKOS® system (EkoSonic Endovascular 
System) on February 12, 2025. This technique combines the 
local administration of a fibrinolytic agent with the application 
of low-frequency ultrasound, which enhances drug penetration 
and promotes thrombus dissolution, allowing more effective 
thrombolysis with lower drug doses. The subsequent angiographic 
control showed partial persistence of the filling defect, suggestive 
of a partially recanalized chronic thrombus, although with 
subjective improvement of the perfusion pattern.

During hospitalization, the patient presented a single episode of 
paroxysmal atrial fibrillation without hemodynamic compromise, 
which was managed conservatively. Echocardiography showed 
preserved left ventricular ejection fraction (60%) and mild signs 
of right ventricular dysfunction.

The patient experienced a favorable clinical course, with 
progressive improvement, normalization of arterial blood gases, 
and resolution of type 2 respiratory failure. He was discharged 
with oral anticoagulation, outpatient follow-up in specialized 
pulmonology, and short-term functional evaluation. Initiation of 
specific vasodilator therapy for pulmonary arterial hypertension 
(group 1) was considered, depending on clinical evolution and 
reassessment of risk parameters at subsequent follow-up visits.

Discussion
In patients living with HIV, highly complex cardiovascular 
complications may occur, among which the form of pulmonary 
hypertension (PH) linked to group 1 of the Nice hemodynamic 
classification stands out. Although its frequency is low, its 
coexistence with other forms such as chronic thromboembolic 
pulmonary hypertension (CTEPH, group 4)—as evidenced 
in this case—poses relevant clinical challenges [1]. The 
pathophysiology of HIV-associated PH (HIV-PH) is heterogeneous 
and multifactorial, involving phenomena such as endothelial 
dysfunction, persistent systemic inflammation, prolonged 
immune activation, and structural remodeling of the pulmonary 
vasculature. These processes are driven by the action of viral 
proteins and proinflammatory cytokines, even in patients receiving 
effective antiretroviral therapy (ART) with undetectable viremia 
[2-4]. The final consequence is a vascular damage pattern similar 
to that observed in idiopathic pulmonary arterial hypertension 
(PAH), which supports the application of analogous diagnostic 
and therapeutic strategies, adapted to the particularities of the viral 
context.

Within the therapeutic approach, high-efficacy ART constitutes 
the cornerstone. However, when functional alterations, evidence 
of right ventricular dysfunction, or hemodynamic deterioration are 
detected, it is necessary to consider the use of specific pulmonary 
vasodilators. The BREATHE-4 clinical trial, one of the few 
prospective studies focused exclusively on patients with HIV-PH, 
evaluated the use of bosentan in individuals with PAH in NYHA 
functional classes III and IV. The results showed improvement in 
functional performance, increased cardiac index, and reduction of 
pulmonary vascular resistance, without the occurrence of severe 
adverse effects or relevant interactions with ART [21]. Subsequent 
research reinforced these findings, with reports of sustained long-
term benefits, including improvements in the six-minute walk test 
distance and favorable hemodynamic parameters during follow-up 
periods of up to 29 months [22,23].

Due to the hepatotoxicity profile associated with bosentan, 
alternatives such as macitentan and ambrisentan have been 
proposed. However, the low representation of patients with HIV 
infection in the pivotal trials of these drugs limits the possibility 
of making definitive recommendations and compels their use to 
be based on careful clinical extrapolation [24]. For their part, 
phosphodiesterase-5 inhibitors (PDE5i), such as sildenafil and 
tadalafil, have shown therapeutic usefulness in observational 
studies and case reports. Nevertheless, caution is needed when 
prescribing them, due to the potential for pharmacological 
interactions with protease inhibitors used in some ART regimens 
[25,26].

In high-risk scenarios or in the absence of an adequate clinical 
response to initial treatment, a combination therapy strategy may 
be considered, integrating endothelin receptor antagonists and 
PDE5i, following the management model used in idiopathic PAH. 
New molecules such as riociguat or selexipag have shown efficacy 
in other PH subtypes, but their experience in people with HIV is 
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scarce, so their use should be reserved for individualized cases 
with strict risk-benefit evaluation [6,27].

Regarding the management of CTEPH (group 4), pulmonary 
endarterectomy remains the treatment of choice in patients with 
operable disease. However, in those deemed unsuitable for surgery 
or with distal involvement, minimally invasive therapies such as 
catheter-directed thrombolysis have gained prominence. In this 
category, the EKOS® system (EkoSonic Endovascular System) 
has demonstrated efficacy by combining the local infusion of 
thrombolytic agents with low-intensity ultrasound, which enhances 
drug penetration and facilitates thrombus dissolution with lower 
doses and reduced bleeding risk.

The SEATTLE II and OPTALYSE PE clinical trials have been 
fundamental in establishing the role of the EKOS system in the 
management of submassive pulmonary embolism. These studies 
demonstrated significant reductions in mean pulmonary artery 
pressure, improvement in the right ventricle/left ventricle (RV/
LV) ratio by echocardiography, and symptomatic clinical relief, all 
with a superior safety profile compared to conventional systemic 
thrombolysis [28-30]. Although there are no specific clinical trials 
in people with HIV and CTEPH, case reports have documented the 
efficacy of EKOS in complex clinical scenarios, with positive and 
well-tolerated results [31,32].

In Latin America, experience with this technique is still limited 
and usually described through individual reports in high-
complexity centers. In the Colombian context, despite having been 
previously used, no clinical series have been published in HIV-
positive populations, which makes the present report one of the 
first documented experiences in the country [33].

This case highlights the importance of a comprehensive diagnostic 
evaluation that incorporates clinical, imaging, and hemodynamic 
data to accurately characterize the etiology of PH, especially in 
situations of possible mixed etiology. The successful application 
of the EKOS system in a patient with HIV, organized thrombus, 
and probable combined PH (groups 1 and 4), together with the 
planning of specific vasodilator therapy, underscores the need for 
individualized, interdisciplinary approaches guided by the best 
available scientific evidence. Only through such strategies is it 
possible to optimize clinical outcomes in vulnerable populations 
traditionally excluded from research, such as people living with 
HIV.

Conclusions
This clinical experience, developed in the Caribbean region of 
Colombia, highlights the inherent difficulties in diagnosing and 
treating patients with combined forms of pulmonary hypertension 
in a context of limited access to specialized therapies. The 
intervention with the EKOS® system facilitated a safe and 
effective resolution of the organized thrombus, with evident 
clinical benefits and no hemorrhagic complications. The use of 
right heart catheterization as a central diagnostic tool, as well 
as the consideration of initiating specific vasodilator therapy, 

exemplify an individualized, contextualized, and evidence-
based approach. This case reinforces the need to promote the 
implementation of emerging technologies in local settings and to 
generate local data supporting their efficacy and safety in complex 
and underrepresented populations such as HIV-positive patients.

Figure 3: Endovascular catheter designed for ultrasound-assisted 
thrombectomy, such as the EKOS system (EkoSonic Endovascular 
System).

Endovascular procedure with the EKOS® system. Visualization of the 
catheter positioned in the right pulmonary artery, used for low-frequency 
ultrasound-directed thrombolysis.
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