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Never Stop Looking – the Heart is Not Always the Answer
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Case presentation
A 63-year-old woman presented with a two-year 

history of worsening fatigue, dyspnea (World Health 
Organization functional class III), and palpitations. The 
echocardiogram had demonstrated a high probability of 
pulmonary hypertension (PH), and she was subsequently 
referred to a PH expert center. Her past medical history 
included systemic arterial hypertension, iron deficiency 
anemia secondary to gastrointestinal bleeding from 
duodenal telangiectasias (endoscopically treated), and a 
previous extraforaminal L3-L4 discectomy due to lumbar 
herniated disk with associated radiculopathy, performed 
at another hospital two years before the first appointment. 
The post-operative period was complicated by severe 
acute anemia of unclear etiology, which required nine 
red blood cell transfusions.

At the t ime of referral,  the patient was taking 
furosemide 40 mg once daily (OD), candesartan 16 mg 
+ hydrochlorothiazide 12.5 mg OD, simvastatin 20 mg 
OD, and alprazolam 0.25 mg OD. She had a history of 
smoking but no significant occupational exposures, and 
her family history was unremarkable.

A comprehensive diagnostic evaluation followed:
•	 Physical examination depicted a pansystolic heart 

murmur best heard at the left lower sternal border, 
as well as bilateral lower extremity edema;

•	 Echocardiography revealed a mild left ventricular 
D-shape with preserved ejection fraction, right 
heart chamber di lat ion with preserved right 
ventricular longitudinal function, and severe tricuspid 
regurgitation with a peak velocity of 3,7 m/s (RV-RA 
gradient 54mmHg);

•	 Laboratory tests demonstrated high NTproBNP levels 
(2036 pg/mL) and excluded autoimmune disease, 
HIV, and hepatitis;

•	 Abdominal ultrasound showed ascites without liver 
structural abnormalities;

•	 Pulmonary function tests, ventilation/perfusion scan, 
and chest computed tomography angiography (CTA) 
ruled out significant parenchymal lung disease, 
interstitial lung disease, and pulmonary embolism.

Right heart catheterization (RHC) confirmed a diagnosis 
of pre-capillary PH, with a (mean pulmonary artery 
pressure) mPAP of 34 mmHg, pulmonary capillary wedge 
pressure of 10 mmHg, and pulmonary vascular resistance 
of 3 Wood units (WU). It also depicted a mean right 
atrial pressure of 8 mmHg and a high CO of 11 L/min 
(determined by both thermodilution and indirect Fick 
methods). A significantly elevated PA saturation was noted 
(SvO2 88%), with no significant step-up between the 
superior/inferior vena cava and PA. Given these findings, 
as well as the absence of congenital abnormalities, an 
extra-thoracic left-to-right shunt was suspected. 

Full-body CTA revealed marked dilation of the inferior 
vena cava and iliac veins, as well as an arteriovenous fistula 
(AVF) between the posterior wall of the right common iliac 
artery and the confluence of both common iliac veins, at 
the level of L3-L4 vertebrae (Figure 1A). This finding was 
confirmed by magnetic resonance venous angiography.

Three months later, the patient underwent successful 
endovascular closure of the AVF with a balloon-expandable 
covered metal stent (GORE® VIABAHN® VBX 11x59mm) 
implanted in the right common iliac artery. Post-procedure 
angiography confirmed proper stent positioning and 
patency (Figures 1B and 1C).

At the 30-day follow-up, the patient reported complete 
resolution of symptoms and near normalization of NTproBNP 
levels (2036>207 pg/mL). Repeat echocardiogram 
demonstrated normalization of right heart chamber 
dimensions and resolution of PH (trace tricuspid regurgitation). 
Follow-up CTA revealed normal opacification of the inferior 
vena cava and right iliac common artery, without evidence 
of AVF (Figure 1D).

Discussion
PH is a hemodynamic disorder characterized by a mean 

pulmonary arterial pressure (mPAP) greater than 20 mmHg 
at rest, as measured by RHC.1 Though uncommon, with an 
estimated global prevalence of approximately 1%,1 PH can 
arise from a broad spectrum of etiologies. The most recent 
classification system divides PH into five groups based on 
clinical presentation, hemodynamic profiles, and treatment 
strategies.¹ While PH is most often associated with left 
heart disease and pulmonary disorders, rarer causes, such 
as hyperdynamic states, warrant special attention.

Keywords
Pulmonary Hypertension; Arteriovenous Fistula; 

Therapeutics

Mailing Address: Daniel Inácio Cazeiro •
Lisbon School of Medicine – Heart and Vessels Department – Avenida 
Professor Egas Moniz, Hospital de Santa Maria (Unidade Local de Saúde de 
Santa Maria), 1649-035, Lisbon – Portugal
E-mail: danielcazeiro@gmail.com
Manuscript received June 18, 2025, revised manuscript August 20, 2025, 
accepted October 23, 2025
Editor responsible for the review: Gláucia Maria Moraes de Oliveira 

DOI: https://doi.org/10.36660/abc.20250425i

1

https://orcid.org/0009-0004-0277-7398
https://orcid.org/0000-0002-8034-4529
https://orcid.org/0000-0003-4164-5481
https://www.google.com/search?q=mean+pulmonary+artery+pressure&sca_esv=9dc6e452c0e4b509&sxsrf=ANbL-n5190YohzS0MJbbs_ESj73NKkcFIg%3A1769628144806&ei=8GF6aYv2MIbN1sQPvLaemAY&ved=2ahUKEwi4pL6y_K6SAxWapZUCHS6CNYQQgK4QegQIARAC&uact=5&oq=press%C3%A3o+arterial+pulmonar+m%C3%A9dia+em+ingl%C3%AAs&gs_lp=Egxnd3Mtd2l6LXNlcnAiLHByZXNzw6NvIGFydGVyaWFsIHB1bG1vbmFyIG3DqWRpYSBlbSBpbmdsw6pzMgUQIRigAUiwE1CQBli1EnABeAGQAQCYAbgBoAHIC6oBAzAuObgBA8gBAPgBAZgCCqAC5wvCAgoQABiwAxjWBBhHwgIGEAAYFhgewgIIEAAYgAQYogSYAwCIBgGQBgiSBwMxLjmgB-sgsgcDMC45uAfhC8IHBTIuNy4xyAcQgAgA&sclient=gws-wiz-serp&mstk=AUtExfDVDhfKaSW2TbDoiHcP67zFdGw_qelDHLWocBYEVsWBRQDb8QUpJJduJqIfLXcqhD4vdvm4_7SNdQYY8YaigAbhydxpphVBJeK_0RbEbxLHxhnMRm4xPr_9erVLaDcOGHGf69w-9za7qresDXMOKPEWcf_te55pj0Jq3BUMyVruDTLQTo8njdM0WFHa1yiX7L8X&csui=3
https://www.google.com/search?q=mean+pulmonary+artery+pressure&sca_esv=9dc6e452c0e4b509&sxsrf=ANbL-n5190YohzS0MJbbs_ESj73NKkcFIg%3A1769628144806&ei=8GF6aYv2MIbN1sQPvLaemAY&ved=2ahUKEwi4pL6y_K6SAxWapZUCHS6CNYQQgK4QegQIARAC&uact=5&oq=press%C3%A3o+arterial+pulmonar+m%C3%A9dia+em+ingl%C3%AAs&gs_lp=Egxnd3Mtd2l6LXNlcnAiLHByZXNzw6NvIGFydGVyaWFsIHB1bG1vbmFyIG3DqWRpYSBlbSBpbmdsw6pzMgUQIRigAUiwE1CQBli1EnABeAGQAQCYAbgBoAHIC6oBAzAuObgBA8gBAPgBAZgCCqAC5wvCAgoQABiwAxjWBBhHwgIGEAAYFhgewgIIEAAYgAQYogSYAwCIBgGQBgiSBwMxLjmgB-sgsgcDMC45uAfhC8IHBTIuNy4xyAcQgAgA&sclient=gws-wiz-serp&mstk=AUtExfDVDhfKaSW2TbDoiHcP67zFdGw_qelDHLWocBYEVsWBRQDb8QUpJJduJqIfLXcqhD4vdvm4_7SNdQYY8YaigAbhydxpphVBJeK_0RbEbxLHxhnMRm4xPr_9erVLaDcOGHGf69w-9za7qresDXMOKPEWcf_te55pj0Jq3BUMyVruDTLQTo8njdM0WFHa1yiX7L8X&csui=3
mailto:danielcazeiro@gmail.com
https://doi.org/10.36660/abc.20250425


Arq Bras Cardiol. 2026; 123(1):e20250425

Research Letter

Cazeiro et al.
PH due to Arteriovenous Fistula

PH with unclear and/or multifactorial mechanisms 
(Group 5) encompass a group of diseases which include, 
but are not limited to, high CO states, such as left-to-right 
shunts, cirrhosis, hyperthyroidism, and anemia.2 Contrary 
to PH, in which intrinsic vasculopathy is the primary 
driver of disease, PH related to high-output states arises 
from a sustained increase in blood flow, which induces 
persistent shear stress in the pulmonary circulation. In 
this matter, several mechanisms have been proposed to 
explain the hyperdynamic circulatory state, such as the 
reduction in systemic vascular resistance in systemic to 
pulmonary shunts, or the activation of neurohormonal 
pathways.2-4 In patients with end-stage kidney disease 
on dialysis via arteriovenous access, several explanations 
justify the development of PH: increased cardiac output, 
anemia, fluid overload, and hormonal and metabolic 
derangement with increased pulmonary vascular tone 

(e.g., impaired nitric oxide production, higher levels of 
endothelin-1).5 Other causes included in Clinical Group 
5 PH, such as sickle cell disease, have explored other 
potential mechanisms for the development of PH, such 
as chronic hemolysis, leading to inhibition of nitric oxide 
production; microthrombotic embolization (with chronic 
thromboembolic PH as a potential complication), and 
chronic hypoxia, with altered gene regulation favoring 
adverse vascular remodeling.6

This rare case highlights an unusual cause of PH 
resulting from an extrathoracic AVF, which induced a 
significant left-to-right shunt and was fully reversible 
following closure of the shunt. 

Importantly, despite the pre-capillary hemodynamic 
phenotype observed in this  pat ient,  there was a 
significant chance that in less experienced centers, such a 

Figure 1 – (A) Pre-procedural CT angiogram showing the fistulous communication (arrow) between the right common iliac artery and the 
inferior vena cava at the L3L4 vertebral level. The right common iliac artery is marked (x), and early contrast opacification of the inferior vena 
cava through the fistulous tract is noted during the arterial phase (asterisk). (B) Pre-intervention angiography demonstrating the arteriovenous 
fistula (arrow), the right common iliac artery (x), and a markedly dilated inferior vena cava (asterisk). (C) Post-intervention angiography showing 
the covered metal stent in place (arrows). (D) Post-procedural CT angiogram confirming appropriate stent positioning (arrows) and normal 
opacification of the inferior vena cava, with no evidence of residual fistulous flow.
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presentation could be misclassified as pulmonary arterial 
hypertension. This could lead to the inappropriate use of 
PH specific vasodilator therapies, which would be highly 
deleterious in this context, exacerbating symptoms and 
worsening the patient’s prognosis.

The distinction between PH, an intrinsic disease of the 
pulmonary vasculature, and PH driven by chronic hyperflux 
— often accompanied by pre-capillary and/or capillary 
vascular remodeling that, although ultimately detrimental 
to right heart chambers, is theoretically adaptive as a 
protective mechanism against chronic hyperflux into the left 
heart chambers — is critical to ensure accurate management 
and to avoid therapeutic missteps.

This  highl ights  the complexi ty  of  interpret ing 
hemodynamic profiles in patients with PH due to 
hyperdynamic circulatory states and emphasizes the 
importance of specialized centers in managing such 
challenging cases.

Additionally, on physical examination, one might 
expect to detect palpable thrills or auscultatory bruits in a 
patient with such a large AVF. However, in this case, these 
findings were absent, likely due to the patient’s abdominal 
adiposity and the considerable size of the shunt orifice, 
which may have allowed blood to flow through with less 
turbulence than expected.

Several cases of AVF-induced PH have been documented 
in the literature.7-10 In one case, an acquired AVF between 
the common iliac artery and vein was reported as a 
iatrogenic complication of lumbar spinal surgery,9 a likely 
etiology in our patient. Of note, anterior longitudinal 
ligament perforation with subsequent major vessel 
injury has been described as a rare, but potentially life-
threatening complication in patients who are submitted 
to laminectomy, with several cases reported in the last 
decades.11-13 

As demonstrated in other cases, prompt identification 
and correction of the AVF led to rapid clinical and 
hemodynamic improvement. Timely diagnosis is essential 
to prevent irreversible structural heart disease and to reduce 
morbidity and mortality associated with untreated PH. 

This case emphasizes the importance of thorough clinical 
investigation in patients with PH, encouraging clinicians 
to consider less common but potentially reversible causes 
in order to optimize patient outcomes. We propose a 
diagnostic algorithm for patients with suspected/confirmed 
PH and high cardiac output (Figure 2).

In conclusion, PH secondary to an extrathoracic AVF 
is a rare but reversible cause of PH. Early detection and 
intervention are crucial in preventing the development of 
severe structural heart disease. This case underscores the 
importance of comprehensive clinical evaluation in PH 
patients and reinforces the need for vigilance in identifying 
less common etiologies of hyperdynamic circulatory states.
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Figure 2 – Diagnostic Algorithm – Suspected High-Output PH / AVF. Diagnostic algorithm for suspected high-output pulmonary hypertension 
with possible AVF. High-output state defined as CI > 5 L/min/m² or CO ≥ 8 L/min. L→R shunt screening at RHC is considered positive if ΔO2 
(SVC – PA) ≥ 8% or if PA O2 saturation ≥ 80%; when positive, a full oximetry run is recommended. If an extracardiac shunt is suspected and 
thoracic imaging (CT/CMR) is inconclusive for localization, abdominopelvic CTA/MRA may be used. Intracardiac shunts should be managed 
according to guideline-directed care (ESC/ACC). AVF: arteriovenous fistula; AVM: arteriovenous malformation; CI: cardiac index; CO: cardiac 
output; CMR: cardiovascular magnetic resonance; CTA: computed tomographic angiography; mPAP: mean pulmonary artery pressure; 
PA: pulmonary artery; PAWP: pulmonary artery wedge pressure; PH: pulmonary hypertension; RAP: right atrial pressure; RHC: right heart 
catheterization; SvO₂: mixed venous oxygen saturation; SVC: superior vena cava; HTN: hypertension.
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