Frequency, Predictors, and Prognostic Impact of
Pulmonary Artery Aneurysms in Patients With
Pulmonary Arterial Hypertension

Maite Velazquez Martin, MD", Sergio Alonso Charterina, MD, PhDY,

Yolanda Revilla Ostolaza, MD, PhDY, Fernando Arribas Ynsaurriaga, MD, PhD™*, and

Pilar Escribano Subias, MD, PhD™“*

Check for
updates

Jorge Nuche, MD?, José-Manuel Montero Cabezas, MDY, Carmen Jiménez Lépez-Guarch, MD, PhD™¢,

Detection of pulmonary artery aneurysms (PAA) in pulmonary arterial hypertension
(PAH) is increasing. We sought to determine the frequency of PAA in a PAH cohort,
variables related to its development and its prognostic impact. We conducted a retro-
spective analysis of PAH patients who underwent a computed tomography or magnetic
resonance. PAA was defined as a pulmonary artery >40 mm. Baseline, echocardio-
graphic, and hemodynamic findings at PAH diagnosis were compared. Freedom from
death or lung transplant was estimated by Kaplan—Meier method and compared by log-
rank test. Predictors of PAA development were analyzed with multivariate models. Two-
hundred patients underwent a computed tomography and/or magnetic resonance. In 77
(38%), a PAA (48.3 + 7.2 mm) was detected. Time-course (months) of PAH was an inde-
pendent risk factor for PAA (hazard ratio 1.01; 95% confidence interval 1.002 to 1.019;
p =0.016) whilst connective tissue disease was associated with a lower risk (hazard ratio
0.236; 95% confidence interval 0.060 to 0.920; p =0.037). PAA patients showed lower
rates of death and lung transplant from PAH diagnosis (p =0.005), but no differences
appeared when survival analysis was performed from first imaging test (p = 0.269). PAA
patients presented a nonsignificant higher rate of sudden death (5% PAA vs 1% no-
PAA; p=0.073). In conclusion, the frequency of PAA was 38%. PAH time-course was
an independent risk factor for PAA development whereas connective tissue disease
-related PAH patients showed a lower risk. PAA patients showed lower rates of death or
lung transplant from PAH diagnosis but no differences were found from imaging test.
PAA patients had a nonsignificant higher rate of sudden death. © 2018 Elsevier Inc.
All rights reserved. (Am J Cardiol 2019;123:474—481)

Pulmonary arterial hypertension (PAH) is a rare disease
with an estimated prevalence of 15 to 26 cases per million."
In the last 20 years, the prognosis of PAH has improved
due to the development of new therapies.” This improve-
ment in survival has turned PAH into a chronic disease in a
significant proportion of patients. As a consequence, sev-
eral conditions related to PAH, which could determine
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patient’s outcomes, have been identified.” Pulmonary artery
aneurysm (PAA), defined as a main pulmonary artery (PA)
diameter >40 mm,* has emerged as one of the above men-
tioned entities. PAA prevalence in PAH patients is
unknown, probably due to its usual asymptomatic course.
Hence, the reported frequency of PAA in PAH patients
range from 1.3% to 24%.”° Complications related to PAA
have been described, such as PA thrombosis,7 airway com-
pression,” PA dissection,” severe pulmonary regurgita-
tion,"” and left main coronary artery compression.'' The
occurrence of these PAA-related complications may
severely impact patient’s prognosis.'”'’ In the present
study, we aimed to determine the detection rate of PAA in
a cohort of PAH patients. Likewise, we sought to describe
potential predictors of PAA development as well as PAA
prognostic implications.

Methods

We performed a retrospective cohort study of patients
with PAH followed up at a national referral centre for PAH
from 1984 to 2015. Inclusion of patients in our database
was prospective from 2000 and retrospective before then.”
Patients were evaluated and treated according to standard
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Figure 1. Study flowchart. CT = computed tomography; MR = magnetic resonance; PAH = pulmonary arterial hypertension.

recommendations at that moment'* and the institutional
protocol.” PAH was defined as an invasive mean pulmonary
artery pressure >25 mmHg at rest, pulmonary capillary
wedge pressure <15 mm Hg and a pulmonary vascular
resistance >3 Wood Units."

The study population was conformed by patients who
underwent a high-resolution thoracic imaging technique
(computed tomography [CT] or magnetic resonance [MR]),
either shortly after PAH diagnosis (first 6 months after first
right heart catheterization) or at any moment during follow-
up (Figure 1).

The institutional review board approved this retrospec-
tive analysis of clinically acquired data and waived the
need for patient written informed consent.

The first available thoracic high-resolution imaging test
from the diagnosis of PAH was analyzed. Time-course of
PAH was defined as the time between invasive diagnosis of
PAH and imaging test performance.

From 2010, all patients underwent a CT at PAH diagno-
sis'* as part of the institutional protocol. Before then, CT
was performed based on the following indications: suspi-
cion of parenchymal lung disease; symptoms suggesting
intrathoracic complications (chest pain, hemoptysis, persis-
tent cough, and atelectasis); ergometry positive for myocar-
dial ischemia; suspected PAA on chest X-ray or
echocardiography; protocol for lung transplantation.

MR was performed in selected cases to assess the pres-
ence of congenital heart disease, to evaluate right ventricu-
lar function before lung transplant, in cases with poor
echocardiographic window or in patients with contrast
media allergy.

Echocardiogram was performed to all patients on a
yearly basis since PAH diagnosis. However, measurement
of PA not included in echocardiogram protocol and so it
was not included in the available reports.

PAA was defined as a main PA diameter >40 mm." The
widest PA diameter perpendicular to its long axis was mea-
sured with computer callipers at the level of the bifurca-
tion."” Right and left pulmonary arteries diameters were

measured at their widest portions, 2 cm before the branch-
ing of the lobar arteries.'” Right and left pulmonary arteries
diameter upper limits were established at 19.8 mm, and
22.1 mm respectively.'®

Follow-up was established from PAH diagnosis until
December 2015. Patients were regularly evaluated at the
outpatient clinic according to protocol. Specific PAH treat-
ment was chosen according to state-of-the-art recommenda-
tions.'* Before the availability of these recommendations,
treatment choice was established according to clinician’s
discretion and “best practice” at that time.

Clinical data was obtained from hospital records. Cause
of death was established according to the information gath-
ered from the institutional database. Sudden deaths that
occurred out of the hospital were reported by family mem-
bers or other treating physicians. Selection of candidates
for lung transplant was established according to standard-
ized inclusion criteria.'” PAA was neither an indication nor
a contraindication for lung transplant.

Kolmogorov-Smirnov test was used to test the normality
of data distribution. Continuous variables are reported as
mean =+ standard deviation or as medians (Q1-Q3) as appro-
priate. Categorical variables are presented as numbers and
frequencies (%). Categorical variables were compared using
the Chi-squared test or the Fisher exact test and continuous
variables with the Student’s #-fest or the Mann-Whitney U-
test when appropriate. Freedom from death or lung transplant
from PAH diagnosis and from imaging test performance
were estimated by the Kaplan—Meier method and compared
by log-rank test between groups. Predictors of PAA were
assessed with univariate logistic regression analysis. Indepen-
dent predictors of PAA development were analyzed with
multivariate analysis using a backward stepwise selection.
Variables with a p-value <0.20 were initially included. At
each step, the least significant variable was removed from
the model, until all variables reached a p-value <0.20. All
tests were 2-sided and a p-value <0.05 was considered statis-
tically significant. All statistical analyses were performed
with SPSS version 21.0.0.0 (SPSS Inc, Chicago, Illinois).
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Table 1
Baseline clinical, echocardiographic, and hemodynamic characteristics at PAH diagnosis and imaging test findings
Variable All (n=200) Pulmonary artery aneurysm p-value
Yes (n=77) No (n=123)
Age (years) 48 (38—59) 44 (33-53) 40 (32—-58) 0.706
Male sex 65 (33%) 26 (34%) 39 (32%) 0.762
PAH etiology
Familial 17 (9%) 3 (4%) 14 (11%) 0.073
BMPR2 mutation 7 (4%) 1(1%) 6 (5%) 0.253
KCNK3 mutation 3 (2%) 0 (0%) 3 (2%) 0.286
TBX4 mutation 3(2%) 1 (1%) 2 (2%) 0.853
Idiopathic 58 (29%) 25 (33%) 33 (27%) 0.393
Congenital heart disease 34 (17%) 21 (27%) 13 (11%) 0.002
Connective tissue disease 40 (20%) 6 (8%) 34 (28%) 0.001
Toxic oil syndrome 16 (8%) 12 (16%) 4 (3%) 0.002
Portal hypertension 12 (6%) 2 (B3%) 10 (8%) 0.134
HIV-related 4 (2%) 3 (4%) 1 (1%) 0.160
Rendu—Osler 2 (1%) 1 (1%) 1 (1%) 1.000
Veno-occlusive disease 17 (9%) 4 (5%) 13 (11%) 0.297
EIF2AK4 mutation n 8 (4%) 2 (25%) 6 (75%) 0.713
WHO Functional class III-1V 135 (68%) 59 (79%) 76 (64%) 0.035
Chest pain 39 (20%) 18 (24%) 21 (19%) 0.370
Echocardiographic parameters
Tricuspid regurgitation III/IV 70 (35%) 35 (49%) 35 (29%) 0.008
End-diastolic right ventricle diameter (mm) 43.7+£8.08 464 +£7.7 424+£79 0.006
Pericardial effusion 43 (22%) 17 (23%) 26 (21%) 0.747
6-minutes walking test distance (m) 397 £ 118 392 £ 126 400 £ 115 0.702
Hemodynamic parameters
Right atrial pressure (mm Hg) 8.5(5—12) 8(5—12) 8.5 (5—11) 0.926
Systolic pulmonary artery pressure (mm Hg) 89.7 £24.4 93.7 +26.4 87.1 £22.7 0.072
Mean pulmonary artery pressure (mm Hg) 569+15.2 60.3 £16.0 547+ 143 0.012
Pulmonary vascular resistance (Wood Units) 11.4(7.5—-16.3) 12.2 (8.2—17) 11 (7.3—15.9) 0.298
Cardiac index (I/min/m?) 25+0.8 23+0.7 25+09 0.137
Imaging test findings
Time course of PAH at imaging test performance (months) 29 (1.2-82) 62 (6—115) 18 (1-51) 0.001
Main pulmonary artery diameter (mm) 39.4+8.9 483+72 339442 <0.001
Right pulmonary artery diameter (mm) 26.8 £8.7 32.44+10.2 235+4.6 <0.001
Left pulmonary artery diameter (mm) 25.7+6.8 294 £8.8 226+53 <0.001

The primary end point of this study was to determine the
detection rate of PAA assessed by CT and/or MR in
patients with PAH followed-up according to standard proto-
cols. The secondary end points were to detect predictors of
PAA development and to determine the prognostic impact
of PAA.

Results

A total of 200 PAH patients (age: 48.03 £ 14.47 years,
65 [32%] male) underwent a high-resolution imaging tech-
nique and conformed the study population. In 77 (38%), a
PAA (48.3 £ 7.2 mm) was detected (Figure 2). The rate of
detection of PAA was higher in those patients in whom
imaging test was performed during follow-up (63 [45%]
PAAs during follow-up vs 14 [23%] PAAs at diagnosis;
p=0.004) (Figure 1). Baseline characteristics at PAH diag-
nosis are summarized in Table 1.

PAA was more frequently detected in patients with con-
genital heart disease (27% PAA vs 11% no-PAA;
p=0.002) and toxic oil syndrome (16% PAA vs 3% no-
PAA; p=0.002). On the contrary, PAA was less frequent in

patients with connective tissue disease (CTD)-related PAH
(8% PAA vs 28% no-PAA; p=0.001). Imaging test find-
ings are presented in Table 1.

The time-course of PAH was longer in the PAA group as
compared with patients without PAA (62 [6 to 115] vs 18
[1 to 51] months; p=0.001). As shown, patients with PAA
presented dilated right and left pulmonary arteries. We did
not find significant differences in PAH time-course between
patients with CTD-related PAH and those with other differ-
ent etiologies (30 months [2 to 60] CTD-related PAH vs
29 months [2 to 86] non—CTD-related PAH; p=0.76).

At PAH diagnosis, patients who developed a PAA had a
higher mean PA pressure. In addition, they presented more
often moderate or severe tricuspid regurgitation, functional
class III/IV and a larger end-diastolic right ventricular
diameter.

To determine variables potentially related to the devel-
opment of PAA, univariate and multivariate analysis were
performed (Table 2).

CTD-related PAH remained independently associated
with a lower risk of developing a PAA (hazard ratio 0.236;
95% confidence interval 0.060 to 0.920; p=0.037) and
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Univariate and multivariate regression analysis of the variables associated with development of PAA

Variable Univariate analysis Multivariate analysis
HR 95% CI p-value HR 95% CI p-value

PAH time-course 1.006 1.002—-1.010 0.003 1.01 1.002—1019 0.016
Familial PAH 0.316 0.088—1.137 0.078

Idiopathic PAH 1.131 0.704—2.442 0.393

Congenital heart disease 3.173 1.480—6.804 0.003

Connective tissue disease 0.221 0.088—0.556 0.001 0.236 0.060—0.920 0.037
Veno-occlusive disease 0.464 0.145—1.478 0.194

Toxil oil syndrome 5.492 1.702—-17.719 0.004 6.289 0.936—42.624 0.064
Portal hypertension 0.301 0.064—1.414 0.128

HIV-related pulmonary hypertension 4.946 0.505—48.429 0.170

Rendu Osler 1.605 0.099-26.046 0.739

Identified mutation 0.272 0.059—-1.260 0.096 0.142 0.017—-1.121 0.074
WHO functional-class III-IV 2.038 1.044-3.977 0.037

Tricuspid regurgitation III-IV 2.324 1.267—4.263 0.006

End-diastolic right ventricular diameter 1.068 1.018—1.121 0.008 1.054 0.997—-1.115 0.064
Pericardial effusion 1.121 0.560—2.245 0.747

6 minutes walking test distance 0.999 0.997—-1.002 0.700

Right atrial pressure 1.000 0.948—1.056 0.992

Systolic pulmonary artery pressure 1.011 0.999—1.024 0.074 0.968 0.929—1.009 0.120
Diastolic pulmonary artery pressure 1.015 0.991-1.040 0.219

Mean pulmonary artery pressure 1.025 1.005—1.046 0.013 1.053 0.988—1.122 0.114
Pulmonary vascular resistances 1.019 0.977—-1.064 0.384

Cardiac index 0.749 0.503—1.116 0.156

CI: confidence interval; HR =hazard ratio; HIV =human immunodeficiency virus; PAH= pulmonary arterial hypertension; WHO =World Health

Organization.

time-course of PAH remained as an independent risk factor
for PAA development (hazard ratio 1.01; 95% confidence
interval 1.002 to 1.019; p=0.016) (Table 2).

During a median follow-up of 63 (34 to 125) months
from PAH diagnosis 60 (30%) patients met the composite
end point (38 [19%] death and 22 [11%] lung transplant).
Median time from PAH diagnosis to event was 66 (31 to
119) months. In patients with PAA, the composite end point
occurred in 29 (38%) patients (20 [26%] deaths and 9 [12%]
lung transplant). Patients with PAA had a longer median fol-
low-up time from PAH diagnosis to death, lung transplant or
end of follow-up (98 [55 to 163] months PAA vs 50 [29 to
84] months; p <0.001). Survival analysis from PAH diagno-
sis showed higher rates of the composite end point death and
lung transplant in patients without PAA compared with those
with PAA (p =0.005). However, analysis from time of imag-
ing test performance showed no differences between groups
with regard to the composite end point (p =0.269; Figure 3).
Mortality data is detailed in Table 3.

PAA patients had a nonsignificant higher rate of sudden
death (5% PAA vs 1% no-PAA; p=0.073) with no differ-
ences in mortality due to heart failure (13% PAA vs 7% no-
PAA; p=0.119) or noncardiovascular death (8% PAA vs
7% no-PAA; p=0.901).

Complications related to PAA were detected in 10
patients (13% of the PAA group). In 6, CT and/or MR was
indicated based on symptoms suggesting a complicated
PAA, whereas in 4 complicated PAAs were incidentally
detected at follow-up. In 7 patients, left main coronary
artery compression was suspected by CT, requiring 4 of
them percutaneous revascularization; 2 patients suffered a
pulmonary artery dissection; 1 severe pulmonary

regurgitation and 1 lung compression with recurrent pneu-
monia (Figure 4).

Discussion

PA dilatation is common in PAH patients.(’ However,
PAA frequency in PAH remains unclear.’” PAA are often
asymptomatic,”'® resulting in a significant proportion of
undiagnosed patients. Furthermore, there is lack of consen-
sus regarding the definition of PAA in studies.”™'"'%!?

In the present study, a PAA was detected in 77 patients
(38% of the study population). Importantly, only 8% pre-
sented symptoms related to PAA during follow-up. In cur-
rent clinical practice, the indication of performing high-
resolution imaging tests during PAH follow-up often relies
on the presence of symptoms. Consequently, a significant
number of PAA in asymptomatic patients might be over-
looked.” According to current PAH guidelines, performing
a CT might be reasonable at the time of PAH diagnosis.'”
However, specific recommendations of patients under fol-
low-up are lacking. Based on our results, performing a CT
and/or MR may be useful to detect PAA in PAH patients,
irrespectively of the presence of symptoms, not only at
PAH diagnosis but also during follow-up. Patient
with long-standing PAH might specially benefit from this
strategy.

The mechanisms leading to the development of PAA
remain unclear. Severe PAH is present in up to 66% of
reported PAA.”" The existence of PAA leads frequently to
a PAH diagnosis.”' In a recent study, patients with PAH
and PAA on echocardiogram who underwent simultaneous
right heart catheterization presented higher pulmonary
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Figure 2. CT angiography axial view of a giant PAA with concomitant dilatation of the right pulmonary artery. PAA =pulmonary artery aneurysm;

RPA =right pulmonary artery.

pressures and a worse right ventricle function.'” However,
the progression of PAA has been showed to be independent
from pulmonary pressures during follow-up.”” In the
absence of PAH, PAA may be detected associated to infec-
tions, Behget disease or Marfan syndrome,” possibly due to
intrinsic PA wall abnormalities.” We were unable to find an
association of PAA with any invasive hemodynamic
parameter at diagnosis. However, the duration of elevated
PA pressure, reflected as PAH time-course, was an indepen-
dent risk factor for the development of PAA, as previously
speculated.” Furthermore, we found a higher frequency of
PAA in those patients who underwent an imaging test dur-
ing follow-up. This reinforces the hypothesis that PAA is a
condition proper of long-standing PAH.

CTD-related PAH was independently associated with a
lower risk of PAA. PAH in CTD patients may result from
complex pathophysiological processes leading to endothelial
dysfunction and vascular remodeling.”” Although the lower
survival in CTD-related PAH patients could explain the
lower incidence of PAA in these population,” in our study
group, PAH time-course of CTD patients was no shorter
than in patients with other causes for PAH. Disease-specific
histopathological changes associated to CTD-related PAH
have been described.”" We speculate whether structural
changes in the pulmonary artery wall in patients with CTD-
related PAH may prevent the development of a PAA.

We found a lower incidence of the composite end point
of death and lung transplant in PAA patients compared
with patients without PAA from PAH diagnosis. The longer

follow-up periods in PAA patients illustrate the fact that
PAA is associated with long-standing forms of PAH, as
reflected by the higher proportion of patients with PAH
associated to congenital heart disease or toxic oil syndrome.
Thus, the lower rate of death and lung transplant in PAA
patients may actually indicate that PAH patients with a lon-
ger survival are precisely those who develop a PAA during
follow-up. Conversely, survival analysis from imaging test
performance showed no differences between groups. This
finding might suggest that PAA actually do not have any
prognostic influence in PAH patients.

However, it should be highlighted that PAA-related
complications were detected in a 13% of PAA patients.
Severe consequences, including sudden cardiac death,
linked to complicated PAA have been described.” " In
addition, PA dilatation has been described as an inde-
pendent risk factor for sudden cardiac death in PAH
patients.”

Symptoms suggesting a complicated PAA may allow
prompt detection and treatment. However, up to 40% of
complicated PAA from our cohort were incidentally
detected during follow-up. In a recent study, only 23% of
patients with complicated PAA detected by CT presented
associated symptoms.” Patients with asymptomatic compli-
cated PAA might therefore be at risk of sudden death due
to ventricular arrhythmias or PA dissection.””® Sudden
death represents up to 30% of the causes of death in patients
with PAH.”” We previously described a rate of sudden
death of 11% in the overall population of patients with
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Figure 3. Kaplan-Meier survival curves of freedom from death or lung transplant in patients with PAA versus patients without PAA from PAH diagnosis (A)

and from imaging test (B). PAA = pulmonary artery aneurysm.

PAH under follow-up in our centre.” In the present study,
patients with PAA presented a nonsignificant higher rate of
sudden death compared with their counterparts (PAA 5%
vs no-PAA 1%; p=0.073). The rate of sudden death

Table 3
Differences in mortality and cause of death in patients with PAA versus
patients without PAA

Variable All (n=200) Pulmonary artery aneurysm p-value
Yes(n=77) No (n=123)

Deaths 38 (19%) 20 (26%) 18 (15%) 0.047

Age at death 57 (48—66) 59 (49—69) 56 (47-65)  0.260
(years)

Male sex 12 (32%) 7 (35%) 5 (28%) 0.632

Follow-up 63 (29—148) 88(52—169) 45(24-75) 0.003
(months)

Sudden death 5 (2%) 4 (5%) 1 (1%) 0.073

Heart failure 18 (9%) 10 (13%) 8 (7%) 0.119

Noncardiovascular 15 (8%) 6 (8%) 9 (7%) 0.901
death

reported in our series is lower than that reported in other
series”’ and in our global population.” This may be
explained, at least in part, by the revascularization of severe
left main coronary artery compression. However, sudden
death resulting from asymptomatic complicated PAA in
patients who were not screened for PAA cannot be
excluded. In consequence, the impact of undetected compli-
cated PAA in PAH patients might be not trivial.

Based on these findings, PAA development may be a
consequence of long-term PAH, appearing in those PAH
patients with a longer survival. However, PAA may lead as
well to fatal consequences in this population. The develop-
ment of PAA screening programs in PAH patients, irrespec-
tively of their clinical status, is therefore mandatory.
Surgical treatment of PAA has been proposed as a thera-
peutic option. In light of our results, a conservative
approach with regular follow-up could be an appropriate
option for PAH patients with a PAA, especially considering
the high surgical risk of this population.

This study has several limitations that should be
acknowledged. This is a retrospective single-centre
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Figure 4. PAA-related complications. (A) CT coronary angiography oblique coronal view showing left main coronary artery compression (arrow) by a PAA;
(B) coronary angiography demonstrating ostial left main coronary artery compression (arrow); (C) giant PAA with concomitant dilatation of right pulmonary
artery compressing the right lung middle lobe (arrow heads); (D) PAA dissection (arrows). Ao =aorta; LV =left ventricle; PAA = pulmonary artery aneu-

rysm; RV =right ventricle.

study analyzing the frequency of PAA detection in a
PAH population. Patients with PAH under follow-up did
not systematically undergo an imaging test, which might
determine a selection bias. However, our data emerge
from the application of standard protocols of PAH, illus-
trating current clinical practice. Imaging tests were per-
formed at different moments of the evolution of the
disease, which prevent us of assuming a clear correla-
tion of PAA with hemodynamic data. A prospective
study, including systematic imaging test performance at
PAH diagnosis and during follow-up is required to elu-
cidate the actual prevalence of PAH and to identify
those patients at higher risk of developing a PAA. Strat-
egies in order to prevent sudden cardiac death in
patients at high risk (i.e. complicated PAA) are needed.

In conclusion, the frequency of detection of PAA in
patients with PAH who underwent high-resolution imag-
ing techniques was 38%. PAH time-course was an inde-
pendent risk factor for PAA development whereas CTD-
related PAH patients showed a lower risk. Compared
with patients without PAA, PAA patients showed lower
rates of the composite end point death and lung trans-
plant during follow-up, but nonsignificant higher rates
of sudden death.
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