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Abstract

Objective: Pulmonary hypertension (PH) may occur in Takayasu arteritis (TA), mostly due to pulmonary
arteritis, but also due to left heart disease and/or chronic thromboembolism (CTE). Using transtho-
racic echocardiography (TTE), we investigated the frequency of PH caused by pulmonary arteritis.
Methods: This cross-sectional study included 70 patients with TA fulfilling the 1990 ACR criteria, 68
healthy controls, and 67 patients with systemic sclerosis (SSc) fulfilling the 1980 ACR criteria repre-
senting the disease control group. Patients with severe left heart disease or CTE were excluded. The
ESC-ERS guideline definition was considered for diagnosis of PH.

Results: The mean systolic pulmonary artery pressure (SPAP) values in TA, SSc, and healthy control
groups were 20.93+6.06, 31.57+£12.75, and 18.88+5.39 mmHg, respectively. While the SPAP values
were similar between TA and healthy groups, the SPAP values in the SSc group were significantly
higher than in other groups. Based on conventional and/or magnetic resonance angiography find-
ings, pulmonary arteritis was present in 4 out of 70 TA patients; however, PH was not detected in any
patients with TA, including those with pulmonary arteritis.

Conclusion: The TTE findings suggested that the frequency of PH was not increased in TA. However, a
low frequency of pulmonary arteritis in our series might have affected our results.

Keywords: Pulmonary arteritis, pulmonary hypertension, Takayasu arteritis

Introduction

Takayasu arteritis (TA) is a systemic vasculitis affecting large and medium-sized arteries with unknown etio-
pathogenesis. It causes granulomatous inflammation of the vessel wall. TA generally has an insidious onset,
and it predominantly affects young females, especially during the second or third decades of life (1, 2).
Although aortic arch and its primary branches, ascending aorta, thoracic descending aorta, and abdominal
aorta are mainly involved, visceral arteries originating from abdominal aorta, as well as pulmonary and
extremity arteries, may also be affected in TA. The frequency of pulmonary artery involvement, that is, pul-
monary arteritis in TA, has been reported to range between 6.9% and 86% (2-4).

Pulmonary hypertension (PH) and pulmonary arterial hypertension (PAH) are not same pathologies. PH is a
pathological condition that may occur in a variety of clinical situations, including PAH. Among many other
causes, PAH represents the most prominent type of PH. Other than PAH, various pathologies including lung
diseases, chronic hypoxia, and chronic thromboembolic diseases may also cause occurrence of precapillary
subgroup of PH. PAH refers specifically to a pulmonary hypertensive state limited predominantly to the
arterial component of the pulmonary vasculature. In other words, PAH is a term used to describe various
clinical progressive conditions that cause increased pulmonary artery resistance, which leads to right heart
failure and death, and it has many different etiologies, including connective tissue diseases (5-8). The prog-
nosis of PAH is poor, and it has nearly a 15% mortality within 1 year (9).

In different case series, the frequency of PH in TA has been reported to range between 12% and 15% (2,
10-12). In the course of TA, PH may develop not only due to pulmonary arteritis, classified as PAH, but also
due to presence of left heart disease and aortic regurgitation (post-capillary PH). In addition, chronic throm-

249


https://orcid.org/0000-0001-5184-4404
https://orcid.org/0000-0002-8149-9311
https://orcid.org/0000-0001-7115-6000
https://orcid.org/0000-0002-3734-1242
https://orcid.org/0000-0002-3718-171X
https://orcid.org/0000-0001-7289-1816
https://orcid.org/0000-0001-8889-2688
https://creativecommons.org/licenses/by-nc/4.0/

250

Kalfa et al. PAH is not increased in Turkish patients with TA

boembolic pulmonary hypertension may also
occur in TA (5). Since PAH carries a poor prog-
nosis, early diagnosis is essential; however, clin-
ical signs of PAH are nonspecific. Transthoracic
echocardiography (TTE) should be performed
initially when PAH is suspected. TTE may be
useful to evaluate systolic pulmonary arterial
pressure (SPAP), based on the peak velocity of
the jet of tricuspid regurgitation (13, 14).

In literature, the reported incidence of PH in
patients with TA includes patients with left
heart disease, which may overestimate the ex-
act incidence of PH due to pulmonary arteritis.
Therefore, we aimed to investigate PH in TA pa-
tients without left heart disease, by using TTE.
In addition to healthy controls, patients with
systemic sclerosis (SSc) were also included as a
disease control group.

Methods

This is a cross-sectional study. Seventy-seven
patients with TA fulfilling the 1990 American
College of Rheumatology (ACR) criteria were
initially enrolled in this study (15). TTE was
performed in all participants. Patients with
severe left-sided heart disease and/or throm-
boembolic pulmonary disease that could
cause pulmonary hypertension were exclud-
ed. Therefore, 7 patients (3 with severe mitral
valve regurgitation, 2 with severe mitral valve
stenosis, and 2 with dilated cardiomyopathy)
were excluded, and remaining 70 patients with
TA (mean age 42.1£10.4 years; F/M: 63/7) were
included. Clinical data of those patients were
collected retrospectively from patient charts.
Conventional angiographies were available
for all those patients, and conventional angio-
graphic findings were grouped according to
the classification defined at the International
Conference on TA in 1994. According to this
classification, Type | involves the branches of
aortic arch; Type lla involves both ascending
aorta, aortic arch, and branches of aortic arch;
Type llb involves thoracic descending aorta
with the involvement of Type lla; Type Il in-
volves thoracic descending aorta, abdominal
aorta, and/or renal arteries; Type IV involves ab-
dominal aorta and/or renal arteries; and Type V
is the combination of Type IIb and Type IV (16).

The presence or absence of disease activity was
assessed using the Kerr criteria (17). Computed
tomography angiography (CTA) and/or magnet-
ic resonance angiography (MRA) findings ob-
tained during the follow-up were also noted. All
the patients were questioned for the presence
of breathlessness, fatigue, weakness, angina, and
syncope, which are nonspecific symptoms of
PAH. A through physical examination was also
made. The patients were investigated especially
for the presence of left parasternal lift, pansystol-
ic murmur of tricuspid regurgitation, and diastol-
ic murmur of pulmonary insufficiency.

Sixty-eight age- and gender-matched healthy
subjects constituted the healthy control group
(39.5+9.5 years; F/M: 61/7). Since SSc is known
to have the highest prevalence of PAH among
various autoimmune disorders, 67 patients
with SSc (56.7+11.6 years; F/M: 59/8; diffuse/
limited 41/26), fulfilling the 1980 ACR classifi-
cation criteria were also included, serving as a
disease control group (18). The study protocol
was approved by the Human Research Ethics
Committee of Ege University School of Medi-
cine, and informed consent was obtained from
all subjects.

Transthoracic  echocardiography  (ACUSON
CV70, Siemens, Germany) was performed by
the same cardiologist in all participants. SPAP
was calculated for each individual, based on
the peak velocity of the jet of tricuspid regurgi-
tation, using the simplified Bernoulli equation
(19). This equation allowed for estimation of
SPAP, using the right atrial pressure (19).

Arbitrary criteria defined in the European So-
ciety of Cardiology (ESC) and European Re-
spiratory Society (ERS) guidelines were used
for echocardiographic diagnosis of PH. These
criteria were based on tricuspid regurgitation
peak velocity and Doppler-calculated PA sys-
tolic pressure at rest (assuming a normal right
atrial pressure of 5 mmHg) (5, 13, 14):

- Echocardiographic diagnosis of PH is un-
likely if tricuspid regurgitation velocity
(TRV) is <2.8 m/s (SPAP<36 mmHg), and
there is no additional echocardiographic
signs suggestive of PH, as described in
the 2015 ESC-ERS Guidelines for PH.
Echocardiographic  diagnosis of PH
is possible if TRV<28 m/s (SPAP<36
mmHg), but additional echocardio-
graphic PH signs are present, or TRV is
2.9-34 m/s (SPAP 37-50 mmHg) with/
without additional echocardiographic
PH signs.

Echocardiographic diagnosis of PH is
likely if TRV>3.4 m/s (SPAP>50 mmHg),
with/without additional echocardio-
graphic PH signs.

Patients with SPAP>40 mmHg with
compatible echocardiographic PH signs
were planned to undergo right heart
catherization.

The Statistical Package for Social Sciences 15.0
(SPSS Inc.; Chicago, IL, USA) was used for sta-
tistical analysis. The continuous variables were
described as the meanzstandard deviation
(mean+SD). The categorical variables were
presented as numbers and percentages. For
the comparison of continuous variables, an
one-way analysis of variance test was used. For
post-hoc analysis, the Bonferroni correction
test was also used. A p-value <0.05 was accept-
ed as statistically significant.
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Results

The demographic data, disease duration, types
of angiographic involvement, and disease ac-
tivity state (according to the Kerr criteria) of
the patients with TA are presented in Table 1.
Only six out of 70 TA patients were active (8.6%)
according to the Kerr Criteria. With respect to
angiographic classification, Type V (31/70;
44.3%) and Type | (27/70; 38.6%) were the most
frequent types of involvement. Based on con-
ventional and/or magnetic resonance angiog-
raphy findings, pulmonary arteritis was present
in 4 out of 70 TA patients (5.7%) (Table 1).

The mean SPAP values in TA, SSc, and healthy
control groups were 209+6.1, 31.6+12.8,
and 18.9+5.4 mmHg, respectively (Figure 1).
The SPAP values in the SSc group were sig-
nificantly higher than in other two groups
(p<0.001), and 5 out of 67 SSc patients (7.4%)
fulfilled possible echocardiographic diag-
nosis of PH. On the other hand, there was
no significant difference between TA and
healthy groups (p=0.17), and none of the pa-
tients with TA, including those 6 cases with
pulmonary arteritis, fulfilled possible echo-
cardiographic diagnosis of PH. In 69 out of 70
TA patients, SPAP was equal to or less than
36 mmHg. There was only a single TA patient
with a SPAP value of 40 mmHg, but TRV was
within the normal range without any addi-
tional echocardiographic findings denoting
PH. Moreover, she had no clinical symptoms
or signs of PH. Therefore, like the rest of the
TA group, this patient also did not fulfill the

Table 1. Characteristics of patients with
Takayasu arteritis

42.1+£104
63/7
7.0+6.8,(0.1-29)

Age, years

Female/male

Disease duration, years

ESR, mm/h 23.9+22.2,(3-140)
CRP, mg/dL 2.2+3.8,(0.1-22)
Active disease, Kerr criteria 6/70(8.6%)
Angiographic classification
Typel 27170 (38.6%)
Type lla 2/70(2.9%)
Type llb 3/70(4.3%)
Typelll 0170 (0%)
Type IV 7/70(10%)
TypeV 31/70 (44.3%)
Pulmonary artery 4/70(5.7%)

involvement

CRP: C-reactive protein; ESR: erythrocyte sedimentation rate
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Table 2. Demographic features and echocardiographic findings of study groups

TA SSc HC

Age, years 42.1+10.4 56.7+11.6 39.5+£9.5
Female/male 63/7 59/8 61/7
mSPAP 20.9+6.1 31.6+£12.8 18.9+5.4
SPAP, mmHg

<36 69/70 (98.6%) 48167 (71.7%) 67/68 (98.5%)

37-49 1170 (1.4%) 14/67 (20.9%) 1168 (1.5%)

>50 0170 (0%) 5/67 (7.5%) 0/68 (0%)
Possible echocardiographic PH 0/70 (0%) 5167 (7.5%) 0/68 (0%)
Interventricular septum mm 9+1.5(5-13) 11+1.7 (8-14.5) 9+1.5(6-12)
Posterior wall, mm 9+1.5(5-12) 10+1.4 (6-14) 8+1.3(5-11)

LV end-systolic diameter, mm

LV end-diastolic diameter, mm

25+5 (15-45)
4445 (32-64)

25+4(18-35)
42+4(32-51)

25+3(17-33)
4414 (35-52)

RA volume, mL 31+£11(12-57) NA 32+12(8-78)
RV end-diastolic volume, mL 20+9 (6-57) NA 23+10(6-54)
RV end-systolic volume, mL 7+4(2-22) NA 9+5 (2-25)

PA diameter, mm
TAPSE, mm

PA acceleration time, msec

20+3(15-27)
23+4(15-33)
121+20(70-160)

22+3(18-28)
18+5(12-18)
122+30(50-170)

19+3(13-27)
24+3(17-32)
122+20(80-192)

Tricuspid regurgitation velocity, msec 1.9+0.4 (1.3-3) 2.5+0.3(2-3) 1.9+0.4(0.9-2.7)
Velocity of the tricuspid annular 17+4(9-33) 11+4 (8-18) 16+4 (9-26)
systolic motion, RV S’

LV diastolic dysfunction 9/70(12.9%) 30/63 (47.6%) 11/68 (16.2%)

HC: healthy controls; LV: left ventricle; NA: not available; PH: pulmonary hypertension; RA: right atrium; RV: right ventricle; SPAP:
systolic pulmonary artery pressure; SSc: systemic sclerosis; TA: Takayasu arteritis; TAPSE: tricuspid annular plane systolic excursion;

PA: pulmonary artery

possible echocardiographic diagnosis of PH
based on the ESC-ERS guideline definition (5).
The mean SPAP values of the 7 TA patients,
excluded from the study due to secondary
cardiac problems were 37.1£14.53 mmHg,
which was significantly higher than the
rest of the TA patients included in the study
(p<0.001). In patients with TA, there was no
significant correlation between disease activ-
ity based on the Kerr criteria and SPAP values.
None of the patients with TA had symptoms
and/or clinical findings suggesting the pres-
ence of PH. The SPAP values and other avail-
able echocardiographic findings of the study
groups are presented in Table 2.

Discussion

Unlike previous studies in the literature, in the
present cross-sectional and controlled study,
which reflects the experience of a single cen-
ter in Turkey, we could not find an increased
frequency of PH in TA. The mean SPAP values in

70 patients with TA were not significantly higher
than in healthy controls. Based on clinical find-
ings and TTE results, none of our TA patients,
including those four patients with pulmonary
arteritis, fulfilled the criteria of possible PH as
defined in the ESC-ERS guidelines (5, 13, 14). We
believe that the low frequency of pulmonary ar-
teritis (6%) in our series, as well as exclusion of
TA patients with severe left heart disease and/or
chronic thromboembolic diseases, that is, other
causes of PH in TA, may explain our findings.

The frequency of pulmonary arteritis in TA has
been reported to range from 6.9% to 86% in
various series (10-12). Interestingly the lowest
figures came from the largest published Turk-
ish multicenter series of TA patients, which
reported pulmonary artery involvement in
only 17 out of 247 patients (6.9%) (2). In oth-
er words, frequency of pulmonary arteritis
in Turkish patients with TA seems to be low,
which may possibly be explained by genetic

and ethnic differences. Therefore, very low fre-
quency of pulmonary arteritis (6%) in our series
of TA patients is not a surprise.

On the other hand, in literature, the frequen-
cy of PH in patients with TA has been reported
to range from 12% to 15% (2, 10-12). Based on
echocardiographic evaluation, PH was detect-
ed in 12% of 248 cases in the largest Turkish
series (2), and 15% of 160 cases in Korean (11)
series of TA patients. However, unlike our study,
the presence of left heart disease and other
etiologies that may cause PH had not been ex-
cluded in both of these series. The mean SPAP
values of the excluded 7 TA patients in the
present study was higher than in the 70 TA pa-
tients included, and this finding could explain
the lower rate of PH found in this study. Based
on the data from previous studies and patient
series, the prevalence of PH in TA, applied ex-
clusion criteria, the frequency of pulmonary ar-
tery involvement, and applied diagnostic tools
are summarized in Table 3 (2, 11, 20-24).

On the other hand, in the Korean study, it was
suggested that high disease activity played an
important role for the cardiovascular manifes-
tations of TA, including PH (11). However, in the
present study, we could not show a relation-
ship between active disease and SPAP values,
although the number of patients with active
disease was low in our series.

In TA, pulmonary arteritis may be rarely isolat-
ed, but it is generally associated with involve-
ment of the aorta and large thoracic vessels in
many cases (4, 25-31). Diagnosis of pulmonary
arteritis may be performed by showing ste-
nosis, narrowing, occlusion, and irregularity of
pulmonary arteries using the CTA or MRA, or
by showing abnormal uptake on pulmonary
perfusion scan. Pulmonary arteritis may also be
detected by autopsy. Autopsy series of TA pa-
tients reported the frequency of pulmonary ar-
terial involvement to range between 20% and
56% (12). In general, TA patients with PH due to
pulmonary arteritis have worse prognosis and
higher mortality rates (23).

Toledano et al. (23) reported two cases of TA
having pulmonary involvement and reviewed
the literature, finding out 45 more such cases.
The analysis of all those 47 cases showed that
most of patients were female (89.1%), and the
mean age was 34.6 years (range, 11-66 years).
Interestingly, only 14 (31.8%) had isolated pul-
monary vasculitis and no involvement of the
aorta. Upper-lobe branches of the right-sided
pulmonary arteries were found to be most fre-
quently involved. Among those 47 cases, PH
was found in 19 (42.2%) patients (23).

Recently, Wang et al. (10) reported that patients
with TA were at increased risk for PH, based
on the retrospective analysis of 48 patients
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Table 3. Prevalence of pulmonary hypertension in patients with Takayasu arteritis in various series

Series PH Prevalence PA Definition Exclusion Criteria
Robles et al. (20) 7144 (15.9%) 7PA Aortogram No
Kerretal. (21) 4/4 (100%) 4 PA with thromboembolic disease Pulmonary angiogram No
Soto et al. (22) 10/76(13.0%) 5PA CA No

ECHO
Bicakci et al. (2) 22/184(12.0%) 17 PA ECHO No
Toledano et al. (23) 19/47 (42.2%) 47 PA 6 with poststenotic dilatation, CTA/IMRA No

1 with thrombosis

Leeetal. (11) 24/160 (15.0%) 27 PA CA/CTA/MRA No

ECHO
Yang et al. (24) 88/566 (17.8%) 83 PA 32 with occlusion CTA/MRA No

ECHO

pulmonary angiogram

Kalfa et al. 0/70 (0%) 4 PA ECHO Severe left-sided HD

Thromboembolic
pulmonary disease
3 severe MVR
2 severe MVS
2 dilated CMP

PH: pulmonary hypertension; PA: pulmonary artery involvement; ECHO: echocardiography; CA: conventional angiography; CTA: computer tomography angiography; MRA: magnetic resonance
angiography; HD: heart disease; MVR: mitral valve regurgitation; MVS: mitral valve stenosis; CMP: cardiomyopathy

100+
(=]
80
=
a 60
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v 4]
=’
40+ 8 o
o E g
20 o
O_
TA SSc HC

Figure 1. The mean SPAP values

with TA having PH. Among those 48 patients,
36 (75.0%) cases had pulmonary arteritis, and
12 (25.0%) had evidence of left heart disease,
which was a secondary cause of PH. A high fre-
quency of pulmonary arteritis and inclusion of
secondary cardiac causes of PH were notable
in this study. Moreover, their series consisted of
hospitalized TA patients, representing more se-

vere disease compared to our series. They also
showed that serum levels of big endothelin 1
were correlated with SPAP values, confirming
the positive association between pulmonary
arteritis and PH in their series (10).

Since the clinical signs of PH are not specific,
and the primary involvement of the aorta may

mask the symptoms, the clinical diagnosis of
PH may be delayed (32). It is well known that
right heart catheterization (RHC) is the gold
standard for diagnosing PH. However, RHC is a
non-invasive method; therefore, TTE should be
initially performed when PH is suspected. TTE
is helpful to evaluate SPAP, based on the peak
velocity of the jet of tricuspid regurgitation
(13, 14). Various parameters obtained by TTE
were shown to have good correlations with
right heart hemodynamics. So, TTE is widely
used for screening PH, as in the present study.
In the present study, had we found high SPAP
values in our patients with TA, we should have
performed RHC to confirm the final diagnosis
of PH. However, since SPAP values as detected
by TTE were already within the normal limits,
there was no indication for RHC.

Recently, an expert consensus defined the most
appropriate criteria for referring patients with
SSc for RHC when PH was suspected (33). These
criteria may be summarized as the presence of
at least one of the clinical signs or echocardio-
graphic findings or abnormal DLCO findings
suggesting PH. If these criteria are also applied
for TA, performing RHC seemed to be not justifi-
able and/or ethical for our patients with TA.

The present study has certainly some limitations.
The major limitation was the small sample size
of TA patients. Despite being a cross-sectional
study, most of the clinical and angiographic data
were evaluated retrospectively. Therefore, we ad-
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mit that some of the data might have not been
complete. Another limitation was a very low per-
centage of active patients (only 6 of 70). If our se-
ries had consisted of patients with a more severe
and active disease, the frequency of pulmonary
arteritis might have been higher, thereby caus-
ing occurrence of a higher PH frequency. It was
suggested that a high disease activity played an
important role for the cardiovascular manifesta-
tions of TA, including PH.

Another limitation was a higher mean age of the
control group of patients with SSc. Given that
the frequency of ventricular diastolic dysfunction
that may affect SPAP values tend to amplify with
an increasing age, a higher mean age of patients
with SSc might have contributed to higher SPAP
values detected in those patients, compared to
the TA group with a lower mean age.

In conclusion, using TTE and the ESC-ERS guide-
lines, none of our TA patients, including those
four with pulmonary artery involvement fulfilled
the criteria of possible PH. Moreover, the mean
SPAP values in the TA group were not signifi-
cantly higher than in healthy controls. A low fre-
quency of pulmonary arteritis in our TA series, as
well as a low frequency of patients with active
disease at the time of enrollment might have
affected our findings. To illuminate whether the
prevalence of PH is increased or not in TA, larger
screening studies are warranted.
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