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A 43-year-old woman presented with dyspnea during exertion and lower leg edema.
Contrast-enhanced computed tomography images demonstrated extensive proximal nar-
rowing in the right main pulmonary artery with thickening and enhancement. Right heart
catheterization revealed the presence of precapillary pulmonary hypertension with a mean
pulmonary arterial pressure of 45 mm Hg. The patient was diagnosed with large-vessel vas-
culitis with isolated pulmonary artery involvement. Takayasu’s arteritis was suspected, but
histological examination was not performed. Several sessions of pulmonary arterial inter-
vention were stratified for the right main pulmonary artery. After treatment, mean pul-
monary arterial pressure had decreased to 22 mm Hg with improvement in symptoms. Tho-
racic 4D-flow magnetic resonance imaging was performed before and after intervention to
evaluate the volume flow rates of pulmonary arteries. The rates increased at the inlet of the
right pulmonary artery (before: 23 mL/s vs after: 47.5 mL/s) and the main pulmonary artery
(before: 71.2 mL/s vs after: 82.5 mL/s), and decreased at the inlet of the left pulmonary artery
(before: 46.2 mL/s vs after: 31.7 mL/s). The split ratio of volume flow rate between the right
and left pulmonary arteries improved after treatment (before. right:left = 33.1:66.9; after,
right:left = 60.0:40.0), approaching normal values. This report quantitatively describes peri-
operative hemodynamic changes in a patient with pulmonary hypertension using 4D-flow
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magnetic resonance imaging. Stent placement for stenosis in the right pulmonary artery re-
sulted in an increase in overall pulmonary blood flow and also improved blood flow balance
between the right and the left pulmonary arteries.

© 2019 The Authors. Published by Elsevier Inc. on behalf of University of Washington.

This is an open access article under the CC BY-NC-ND license.
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Pulmonary hypertension (PH) is defined as elevated mean
pulmonary arterial pressure (PAP) > 25 mm Hg, measured
via invasive right heart catheterization. Among the various
etiologies of PH, PH caused by steno-occlusive lesions in the
central part of pulmonary arteries can be treated with surgical
and/or endovascular interventions. However, the evaluation
of peritreatment hemodynamic changes in pulmonary arter-
ies is not well-established. Transthoracic echocardiography
is a common noninvasive tool for assessing PH. However, it
cannot simultaneously depict blood flow in all pulmonary ar-
teries due to its limited acoustic window. Three-dimensional
phase-contrast magnetic resonance imaging (4D-flow MRI) is
a less-invasive imaging procedure developed for the quanti-
tative evaluation of blood flow through the heart and large
vessels during cardiac cycles [1-6]. We investigated periop-
erative hemodynamic changes in a patient with PH using
4D-flow MRI.

Case presentation

A 43-year-old woman presented with a 5-month history of
dyspnea during exertion and lower leg edema. Blood analy-
ses demonstrated slight elevation of C-reactive protein lev-
els. Contrast-enhanced computed tomography (CT) images
demonstrated extensive proximal narrowing in the right main
pulmonary artery, thickened walls with enhancement, and
multiple steno-occlusions in the peripheral pulmonary arter-
ies, as shown in Fig. 1. However, there was no evidence of
involvement of the aorta or its major branches. Initial *8F-
fluorodeoxyglucose (FDG) positron emission tomography/CT
demonstrated FDG uptake in the right main pulmonary artery
or its surrounding tissue. Lung perfusion scintigraphy demon-
strated perfusion defects in the right upper and middle lung
fields. The right/left count ratio was 35.4%:64.6%. Right heart
catheterization revealed the presence of precapillary PH with
mean PAP of 45 mm Hg. The patient was diagnosed with large-
vessel vasculitis with isolated pulmonary artery involvement.
Takayasu’s arteritis was suspected, but histological examina-
tion was not performed.

Following steroid therapy, blood analyses showed res-
olution of inflammatory changes and positron emission
tomography-CT demonstrated disappearance of FDG uptake
in the mediastinum. However, proximal pulmonary artery
stenosis-induced PH remained after medication; therefore,
percutaneous pulmonary interventions were considered. Sev-
eral sessions of pulmonary arterial intervention were strati-
fied for the right main pulmonary artery, as shown in Fig. 2.

The first and second interventions were balloon expansion on
days 35 and 51, which resulted in slight reduction of mean PAP
to 35 mm Hg. The third and fourth interventions constituted
balloon expandable stent placements on days 70 and 98, with
stent diameters of 9 and 10 mm, respectively. After treatment,
the mean PAP decreased to 22 mm Hg; the patient was subse-
quently discharged with improvement in symptoms.

Thoracic 4D-flow MRI and blood flow analyses

Thoracic 4D-flow MRI was performed before and 8 days af-
ter completion of the serial endovascular interventional ses-
sions using a 3.0 Tesla scanner (MAGNETOM Trio; Siemens
Healthcare, Germany). The MRI was performed using the
following parameters: 3-dimensional phase-contrast MRI
with 3-directional velocity encoding transverse acquisition;
ECG gating; respiratory gating; repetition time/echo time,
42.6/2.54 milliseconds; flip angle, 15°; velocity encoding, 70
cm/s, spatial resolution, 2.4 x 1.8 x 3.5 mm?3; time reso-
lution, 14 phases/cardiac cycle. The streamlines in systole
and diastole periods before interventions are illustrated in
Fig. 3.

Blood flow analyses were used to track the centerline of
the pulmonary artery. Then planes in the pulmonary arteries
were set to evaluate volume flow rate in each plane. The mean
volume flow rate during a cardiac cycle was calculated by the
normal component of the main flow direction of each plane,
the cross-sectional area, and the number of phases of 4D-flow
MRI (ie, time resolution, 14 phases/cardiac cycle).

After right pulmonary arterial intervention, volume flow
rates increased at the inlet of the right pulmonary artery (be-
fore: 23 ml/s vs after: 47.5 mL/s) and the main pulmonary
artery (before: 71.2 mL/s vs after: 82.5 mL/s), and decreased at
the inlet of the left pulmonary artery (before: 46.2 mL/s vs af-
ter: 31.7 mL/s), as shown in Fig. 4. The split ratio of volume flow
rate between the right and left pulmonary arteries improved
after treatment (before: R:L = 33.1:66.9 vs after: R:L = 60.0:40.0),
approaching normal values.

Discussion

We encountered a patient with PH due to isolated pulmonary
artery involvement in large-vessel vasculitis, and evaluated
the perioperative hemodynamic changes using 4D-flow
MRI. Such perioperative assessments have been reported
in cardiovascular and cerebrovascular diseases, and have
demonstrated the importance of hemodynamic changes in
surgical planning or therapeutic effects [1-9]. In patients with
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Fig. 1 - Contrast-enhanced CT images. Early phase demonstrates extensive proximal narrowing in the right main
pulmonary artery (A and B). Delayed phase shows thickened walls with enhancement (C).

(B)

Fig. 2 - Endovascular interventions for the right pulmonary artery. Extensive proximal narrowing was demonstrated before
intervention (A). The intervention included balloon angioplasty on day 51 (B) and stent placement on day 98 (C).

Fig. 3 - Flow streamlines of the pulmonary artery before intervention in the systole (A) and diastole (B) periods. Assessment
of the pulmonary arterial blood flow by 4D-flow MRI (C). Planes in the pulmonary arteries were set to evaluate the volume
flow rate. The axial direction of the aorta was defined as the normal direction of the plane. Volume flow rate (Q) was
calculated as Q = Y-"° [ v,dA/Np, where N, indicates the number of phases of 4D-flow MRI, v is the spatial averaged velocity
vector in each plane, n is the normal unit vector of the plane, v, is a normal component of v (ie, vn = ven), and A is the

cross-sectional area.

PH, Reiter et al demonstrated a relationship between mean
PAP and vortical blood flow in the main pulmonary artery [1].
Hosokawa et al investigated the therapeutic effects of balloon
pulmonary angioplasty (BPA) on pulmonary artery blood
flow in patients with chronic thromboembolic PH [10]. They
demonstrated that, in peripheral pulmonary artery stenosis,
blood flow increased in the BPA side of the pulmonary artery
and decreased in the non-BPA side, but did not significantly

change in the main pulmonary artery. For our patient, we
included the right main pulmonary artery in the MRI scan
area and calculated the volume flow rate. The results demon-
strated an increase in overall pulmonary blood flow, as well
as improvement in blood flow balance between the right and
left pulmonary arteries. The split ratio of blood flow between
the right and left pulmonary arteries is an important pa-
rameter, as is the overall pulmonary blood flow; quantitative
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Fig. 4 - Time course of changes in volume flow rate before and after right pulmonary artery intervention. After right
pulmonary artery intervention, volume flow rates increased at (A) the main pulmonary artery (before: 71.2 mL/s vs after:
82.5 mL/s) and (B) the inlet of the right pulmonary artery (before: 23 mL/s vs after: 47.5 mL/s), whereas the rate decreased at
(C) the inlet of the left pulmonary artery (before: 46.2 mL/s vs after: 31.7 mL/s).

evaluations of these parameters are recommended, because
they depend on the localization of pulmonary arterial lesions
and/or treatment sites. In this regard, blood flow assessment
using 4D-flow MRI is useful for evaluating the therapeutic
effect after pulmonary arterial interventions.

Pulmonary artery involvement in Takayasu’s arteritis has
been reported in approximately 50%-80% of patients [11]. Iso-
lated involvement of the pulmonary artery is rarely reported
[12-17]. Patients typically show PH and right heart symptoms,
due to pulmonary involvement. However, some patients show
nonspecific manifestations, which lead to delayed diagnosis
[15]. Surgical and/or endovascular interventional treatments
are considered when conservative treatments are not ef-
fective [13-17]. As interventional treatment, BPA and stent
placement have been reported for isolated pulmonary artery
involvement [13,15,17]. Reperfusion respiratory edema is an
important complication of BPA, which has been reported in
approximately 60% of patients after BPA with acute oxygen
desaturation [18,19]. The mechanism is not fully understood,
but a preoperative mean PAP above 45 mm Hg is considered
an important risk factor [18]. For the patient in this report, we
conducted several sessions of pulmonary arterial intervention
involving BPAs and stent placements; these gradually reduced
the mean PAP from 45 mm Hg to 22 mm Hg. The patient did
not demonstrate severe desaturation after intervention, and
showed only a small amount of bloody sputum. Therefore,
careful planning of serial intervention may be effective for
avoiding reperfusion respiratory edema.

Conclusion

We demonstrated perioperative hemodynamic changes quan-
titatively in a patient with PH using 4D-flow MRI. Stent place-
ment for stenosis in the right pulmonary artery resulted in an
increase in overall pulmonary blood flow, as well as improved
blood flow balance between the right and left pulmonary ar-
teries.
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