BALLOON ANGIOPLASTY FOR CTEPH: STEP-BY-STEP

Step-by-Step Approach
to Balloon Pulmonary
Angioplasty for CTEPH

Best practices for the technical execution of safe and effective BPA.

By Ahmad Jabri, MD; Anas Alameh, MD; Bryan Kelly, DO; and Vikas Aggarwal, MD, MPH

alloon pulmonary angioplasty (BPA) has gained
increasing acceptance for treating chronic
thromboembolic pulmonary hypertension
(CTEPH)." Although current complication rates
are elevated with rates ranging from 15.8% to 32.5%,
prior research suggests that the rate declines with
increased operator volume and experience.? This article
utilizes a case study to illustrate best practices for the
technical execution of safe and effective BPA.

IMAGING, ACCESS, AND DEVICE SELECTION

Nonselective invasive pulmonary angiography guides
initial segment targeting in BPA, aiming to identify pulmo-
nary segments where revascularization provides optimal
benefit with the lowest predicted procedural risk. Lower
lobe segments are prioritized due to their greater blood
supply proportion.> Recommendations include treating
one lung per session, allowing selective intubation and ven-
tilation of the unintervened lung in the event of pulmo-
nary artery branch perforation.* Contrast per BPA session
is advised not to exceed three times the glomerular filtra-
tion rate, with a radiation dose limited to < 2 Gy.

Although upper extremity and jugular vein access for BPA
are also feasible, femoral vein access is preferred.> Segmental
cannulation involves coronary guide catheters, sometimes
in conjunction with a telescoping guide extension catheter.
Subselective pulmonary angiography (SSPA) is then per-
formed in orthogonal projections using diluted contrast,
avoiding routine digital subtraction to limit radiation expo-
sure. The goal is to delineate segmental and subsegmental
branch anatomy, identify lesions, and assess venous return
during levophase. Inspiratory breath holds are often required
for optimal visualization during SSPA. Once lesions are iden-
tified, workhorse nonhydrophilic coronary guidewires and

undersized compliant coronary balloons are recommended
for lesion crossing and initial dilatation in most cases.

CASE EXAMPLE

A woman in her mid 60s with World Health Organization
(WHO) functional class 3 dyspnea underwent an echocar-
diogram and ventilation/perfusion scan, revealing concerns
about CTEPH. She had a history of deep venous thrombosis
in her right leg. Right heart catheterization and nonselective
invasive pulmonary angiography confirmed predominantly
distal CTEPH (Table 1 and Figure 1). CT with contrast
depicted generally healthy lung parenchyma exhibiting areas
of high and low perfusion (mosaicism). Following a multidis-
ciplinary discussion involving experts in pulmonary endar-
terectomy, endovascular BPA, pulmonary hypertension, and
thoracic radiology, the patient was referred for BPA.

STEP-BY-STEP APPROACH TO BPA
A In this session, the right lung A4, A5, and A8
segments underwent treatment. Segmental
1 cannulation was performed using a JR4
guide catheter, with A4 subsegmental can-
nulation utilizing a telescoping guide exten-
sion catheter. Lesions were crossed with a Sion blue
guidewire (Asahi Intecc Medical, Inc.). Although the A4
segment appeared patent, suspicion of intravascular web-
bing arose during SSPA. Confirmatory assessment
involved a pressure gradient evaluation through a pres-
sure catheter, exploring alternatives such as a pressure
wire or careful advancement of a guide extension cathe-
ter over the wire in the subsegmental vessels. A5 and A8
segments exhibited subtotal occlusions, which were also

16 CARDIAC INTERVENTIONS TODAY JULY/AUGUST 2024 VOL.18, NO. 4



TABLE 1. RIGHT-SIDED CARDIAC HEMODYNAMIC PROFILE
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Baseline Session 1 Session 2 Session 3 Session 4 Session 5
Pulmonary artery pressure (systolic/ | 80/27/48 80/28/49 17121141 17121141 68/22/39 55/15/31
diastolic/mean), mm Hg
Cardiac index (L/min/m?) 2.82 337 31 3.02 28 419
Pulmonary vascular resistance 5.65 475 482 417 3.62 229
(Wood units)
Estimated glomerular filtration rate | 85 69 86 89 81 72
(mL/min)
Contrast dose (mL) 180 175 230 221 240 140
Radiation dose (Gy) 08 0.56 12 0.97 0.87 0.57
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Figure 1. Successful BPA of right A4 with confirmatory assessment involved a pressure gradient evaluation through a pressure
catheter.

treated by sequential dilation using semicompliant bal-
loons until brisk venous return was observed on SSPA

ment, extra precautions involved maintaining a J-wire
loop distally to minimize the risk of distal branch perfora-

(Figure 1). tion (Figure 3).
Treatment extended to right segments A7, A9, This session focused on the successful treat-
SEEEI‘\ON and A10. Cannulation employed a JR4 guide SEEEI‘})N ment of right upper lobe segments AT and A3.
2 catheter. A7 and A10 segments showed intra- 4 Cannulation utilized an MPA-2 guide catheter

vascular webbing, addressed similarly to right

A4 in the previous session. The A9 segment
presented with a total occlusion at the distal segmental
branch level. Initial lesion crossing involved a Sion blue
guidewire with a supporting 0.014-
inch crossing catheter, followed by
the use of an undersized 2-mm
balloon for dilatation, considering
the high risk of reperfusion edema
with total occlusions (Figure 2).

with a telescoping guide extension catheter.
Presence of ring-like stenosis at the bifurcation
of the RA1 and RA3 segmental branches prompted sequen-
tial dilation with a buddy wire in place (Figure 4).
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this session.

Notably, due to significant tortu-
osity in the distal subsegmental
branches of the left A10 seg-
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Figure 2. Successful BPA of the right A7 subsegment.
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J-tip to minimize risk of distal wire
perforation in very distal branches

Left A9 sub-segmental
cannulation

Left A9 sub-segmental balloon
pulmonary angioplasty

Left A9 sub-segmental post angioplasty
angiogram

Figure 3. Successful BPA of the left lower lobe A9 subsegment.

Significant pressure drop noted
across these lesions on pressure
catheter.

Figure 4. Successful BPA of the right upper lobe A1 segments.

Lingular segments (A4-5) were addressed
ciitioy | during these sessions, employing a Champ
2.5 guiding catheter for selective cannula-
tion. Left A4 segment exhibited intravascu-
lar webbing, which was managed as previ-
ously described. Left A5 segment presented tandem focal
stenoses in the segmental branch, followed by a total
occlusion in the superior subsegmental branch. The prox-
imal focal stenosis was dilated first, allowing safe lesion
crossing and subsequent successful dilatation in the
occluded distal subsegmental branch (Figure 5).

586

CASE CONCLUSION
The patient reported significant symptomatic
improvement, achieving WHO class 1 status. The 6-min-

""" Post Angioplasty
.

ute walk distance increased to 244 m at 12 months and
326 m at 14 months from a baseline of 210 m pre-BPA.
Notably, the right-sided cardiac hemodynamic profile
also significantly improved (Table 1).

RATIONALE FOR APPROACH

The approach to managing CTEPH emphasizes the
importance of a multidisciplinary team, incorporating
expertise in diagnostic imaging, pulmonary endarterec-
tomy (PEA), BPA, and medical management of CTEPH.
Once CTEPH is diagnosed, treatment decisions are guided
by several factors, including the anatomic location of the
disease. Disease affecting levels 1 through 3, as identified
on nonselective invasive pulmonary angiography, is typi-
cally considered suitable for surgical intervention via PEA,

18 CARDIAC INTERVENTIONS TODAY JULY/AUGUST 2024 VOL.18, NO. 4




BALLOON ANGIOPLASTY FOR CTEPH: STEP-BY-STEP

Sub-selective
cannulation and
wiring

Arterialization of distal pressure tracing (Pd)

Left AS segment

Balloon Angioplasty

ruptions in anticoagula-
tion therapy and the
condition of the deep
venous system, which
is necessary for percu-
taneous access during
BPA. The goal of BPA is
comprehensive revas-
cularization by dilating
all treatable lesions, a
process that typically
requires multiple ses-
sions due to limitations

Post Angioplasty

in contrast volume,

radiation exposure, and

procedural duration.

On average, four to
eight BPA sessions are
necessary to achieve

Pre BPA Post BPA

optimal outcomes, with

Figure 5. Successful BPA of the right upper lobe A5 segments and pre- and post-BPA pressure tracings.

provided the patient's condition permits. In contrast,

level 4 disease, which involves more distal pulmonary
arteries, is generally better managed with BPA, espe-

cially because effective surgical outcomes for such distal
disease are achievable only at select specialized centers.
Patient-specific factors, such as symptom burden, hemody-
namic impairments, and contraindications to surgery (eg,
advanced age or comorbidities), also play a critical role in
determining the appropriate treatment pathway.

BPA is often preferred for patients with CTEPH who do
not exhibit pulmonary hypertension (PH) at rest but still
experience symptoms due to other underlying conditions,
such as exercise-induced PH or ventilatory inefficiency. The
treatment strategy must also account for additional con-
siderations, such as the patient's ability to tolerate inter-

follow-up protocols
varying between treat-
ment centers.
CONCLUSION

This report underscores the intricate nature of clinical
decision-making and the unique aspects of safe and effec-
tive BPA performance. Continued efforts are warranted
to further refine procedural techniques, optimize proce-
dural equipment, and cultivate expertise among physi-
cians in this evolving field. ®
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