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Basis of Transcatheter Balloon Angioplasty for Pulmonary Stenosis

Jun Muneuchi
Department of Pediatrics, Kyushu Hospital, Japan Community Healthcare Organization, Fukuoka, Japan

Transcatheter balloon angioplasty aims to promote vascular remodeling through temporary dissection in the
vascular wall and approach the larger diameter of the targeted vessel. Transcatheter balloon angioplasty is indi-
cated for postoperative vascular stenosis associated with congenital heart diseases, and the identification of the
stenotic lesion depends upon the pressure gradient and anatomy. Stenotic lesions involved thickened, atrophic,
hypoplastic, compressed, and stiff lesions, and balloon angioplasty is the most effective for thickened lesions.
Stent implantation or surgical repair rather than balloon angioplasty is expected to be effective in other types
of stenotic lesions. High-pressure balloons are basically used for balloon angioplasty, and ultrahigh-pressure
balloons may be chosen to treat the stiff stenotic lesions. The optimal balloon diameter is determined according
to the narrowest and adjusted vessel diameters. Then, the sizes of the sheath, guiding catheter, and guide wire
are determined according to the balloon catheter and body size. The risks for transcatheter balloon angioplasty
are stratified according to the duration after the last surgical intervention, presence of artificial material, inter-
ference to the surrounding tissue, and influence on hemodynamic alteration during the procedure. Additional
procedures are performed stepwise, including the introduction of the guidewire, delivery of a balloon catheter,
inflation of the balloon at the stenotic lesion, and assessments of hemodynamic and anatomical results. Placing a
guidewire at the appropriate position is important for a successful procedure. When the procedure is performed
through right heart structures, maintaining stable hemodynamics during the procedure is critical. The disap-
pearance of the balloon waist is the criterion for the completion of treatment. Hemodynamic and anatomical
alterations across the target lesion are assessed after the withdrawal of the balloon catheter. As transcatheter
balloon angioplasty for congenital heart disease targets various lesions, individual planning and experience for
procedures are necessary.

Keywords: congenital heart disease, catheter intervention, pulmonary arterial stenosis, noninvasive
therapy
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Fig. 1 Upper and lower panels show angiographic and intravascular ultrasound findings before and after

transcatheter balloon angioplasty, respectively. Intravascular ultrasound shows that a laceration

of the intima follows a dissection between the intimal and medial layers, which promote vascular

remodeling and achieve a larger diameter of the vessel. Schemes of the vascular remodeling show

the pathophysiology of vascular remodeling (the right side).
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Table 1 Pulmonary stenotic lesions indicated for transcatheter balloon angioplasty

Postoperative pulmonary arterial stenosis

Pulmonary branch stenosis followed by surgical anastomosis

RV-PA graft stenosis, including the Norwood and Rastelli procedures

Pulmonary branch stenosis after the Jatene procedure
Aortopulmonary shunt

Cavopulmonary shunt (Glenn procedure, Fontan procedure)

Multiple and complex pulmonary arterial stenosis after unifocalization of MAPCAs
Augmentation of pulmonary blood flow after pulmonary arterial banding

Native pulmonary arterial stenosis

Multiple pulmonary stenosis associated with Williams syndrome and Alagille syndrome

Stenosis of native MAPCAs beyond the hilar

MAPCA, major aortopulmonary collateral artery; RV-PA, right ventricle-pulmonary artery

Fig. 2 Different accesses to stenotic lesion for
transcatheter balloon angioplasty are
shown. Upper panels (A) show balloon
angioplasty for a narrowing shunt via
the antegrade approach in a patient with
tetralogy of Fallot having an aortopulmo-
nary shunt. The catheter is placed from
the femoral vein, via the right ventricle, the
aorta, and an aortopulmonary shunt, to
the left pulmonary artery. Lower panels (B)
show balloon angioplasty for the occluded
left pulmonary artery in a patient after the
bidirectional Glenn procedure. The cath-
eter is placed from the left jugular vein to
the left pulmonary artery.
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Table 2 Different characteristics of stenotic vascular lesions

Classification Characteristics

Efficacy of balloon angioplasty

Thickened lesion
anastomosis

Recoil lesion
Vascular wall is distensible

Hypoplastic lesion
Unable to be expanded

Compressed lesion

Stiff lesion
after surgical anastomosis

Narrowing due to thickened vascular wall after surgical
Narrowing due to atrophy of vascular wall

Narrowing due to hypoplasia of the vessels

Narrowing due to stiff and degenerative vascular wall

Effective

Not effective
Indication for stent implantation
Probably not effective

Narrowing due to the compression by extrinsic structures Not effective

Indication for stent implantation
Partially effective
Indication for cutting balloon angioplasty
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Fig. 3 Volume rendering computed tomography images are shown in the different angles. Although the

stenotic lesions are not clearly depicted in the antero-posterior view (A), the left and right pulmo-

nary arterial stenoses are clearly demonstrated in the left oblique view (A) and right oblique view (B).

The laid-back view is also useful to show branch pulmonary arterial stenosis (D).

The narrowest diameter

V
t +

Reference diameter®

Balloon diameter = Narrowest diameter x 2 or 3

Balloon diameter < Reference diameter x 2

Reference diameter@

Fig. 4 The size of a balloon is determined according to the narrowest diameter and adjacent reference

diameters. The balloon diameter is as two or three times as the narrowest diameter, but within

two times of reference diameters. An angiogram shows the left pulmonary arterial stenosis in a

7-month-old patient with persistent truncus arteriosus and interrupted aortic arch. The narrowest

and adjacent reference diameters are 3.2mm, 6.0mm, and 7.5mm, respectively. Then, balloon

angioplasty is performed using a 10-mm high-pressure balloon catheter.
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Table 3 Points to note when determining a balloon diameter

Safety-— What is the impact on hemodynamics? How long after the last surgery?

Efficacy-— Which type of stenotic vascular lesions?
Recurrence-- How many times have the previous procedures been done?
Accessibility-— Which size of the sheath? Which approach?

Cost effectiveness-- How much is the cost of equipment?

Table 4 Stepwise approaches for successful transcatheter balloon angioplasty

Preprocedural assessments
+ Assess the stenotic lesion hemodynamically and anatomically
« Assess the risks for the procedure individually
+ Determine equipment, including the size and type of a balloon catheter and an appropriate guidewire according to angio-
graphic findings
Introduction of a catheter and a guidewire
+ Use a tip-balloon catheter to avoid injury of tricuspid valve and chordae
+ Place a guidewire as far as possible beyond the stenotic lesion, which is the key for successful procedure
« Use a microcatheter and a pre-shaped guidewire to pass though the severely stenotic lesion
+ Fix the position of a guidewire while withdrawing a catheter
Delivery of a balloon catheter
+ Push a balloon catheter while slightly pulling a guidewire
+ Be careful to compress the tricuspid valve or the right ventricular outflow, which can cause hemodynamic instability during
the procedure
+ Optional use of a long sheath to achieve the stability of the procedure
Inflation of a balloon catheter
« Inflate a balloon up to the rated burst pressure until the waist of a balloon disappear
« Watch blood pressure, heart rate, and respiration during inflation of a balloon catheter
Postprocedural assessments
+ Obtain pressure measurements and angiography across the treated lesion
+ Watch vital signs after the procedure on ward and recognize clinical improvements

© 2022 Japanese Society of Pediatric Cardiology and Cardiac Surgery
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Fig. 5 Pushing a catheter or a guidewire causes
tensions to the tricuspid valve and the
right ventricular outflow tract, which can
elicit hemodynamic incompetence (A).
Excessive pushing a guidewire may result
in pulling a tip of guidewire (B). Be careful
to place a catheter and a guidewire in the
neutral position during the procedure.

ERRRICEZ X0 HNT B, /T4 R A Y —DfAN
E’no e 0V A7 L2kOZFihggn &, Rl
TRENINIV— 2 T —T IV EFAT B H A R
AV—DRITLES T HBDT, AbD X1
HARTAYV—IREZBA TTHREIHEATE L
#EET%%&&%L V=V hT—TNVZHbH
ﬁbb%ﬂfrmwT%<JaLﬁb%ﬁ<&% ES
7S—=2 AT =T IVDT VN —IBE LY AT L2
EADBEDT > a VE =R EERHEEOH
I KB IMITEIERHEZA 2 L8 HBTDHA KT A
Y— « AT —TIVINAIRIEAIE L 755 K 5 HREETS
5. FIEWT Yy arDid A RTALY—h
T—TIVINERENT S IR & 75 o T GET emihyik o
T 23T Wby, EosTUAT LT L EIT
MR TLE S (Fig. 5). TOROIFIERHAREICH
ARTAVY—EHUAEEVK S EENILETH .
WICY AT LD LEIK T ETEIEENS. FEFIC
Ko TREMMICV—TZIEKT 22 EICKDTUN
V=Y AT LERNEETZHT L8 HEDTIERIT L
WKTIUN)—HiEZ TRT R e enilins.
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FEERIIE T B T E RN S, [EFHEEANO T
BEZIW L TEZMERRT 5. #@Y&AME Th 2
T ERMRLUIARICA VT 7 L—2 =7 L CBH
TCHERELEDSIEL T L. INE#HEICHRE D IX
BV —ICECEZ T A M HRL, YA
HAETI0MWEETRAKMTEEX TINESTS. O
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Fig. 6 Angiograms show the left pulmonary
arterial stenosis in a b-year-old patient
after corrective surgery of tetralogy of
Fallot. The narrowest and adjacent refer-
ence diameters are 4.7mm, 5.8mm, and
8.8mm, respectively. We perform double
balloon angioplasty using 8-mm high-pres-
sure balloon catheters. The estimated
effective balloon diameter accounts for
13.1mm according to the described for-
mula.

WIFEE DA ZVT A > CRRCIE) ICHLO DR
ZHWEWKENSNEINEZPIELT 7 L—Y 3 v
95, TLANPMERT NEWIEGEIXER L2 )0—
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ERZ TH - FrlEEEE <, aiE ThhuI X b kO
BISNN ="\, BETHONEAT Y DB
B ERET 5. BEIOIRICK > TE YT A MDY
WA A RBETE N V— N33 5T L EEE
NnNa. ULhLSV—2FOY 0L UEIRE g
X 2 IniRE /R B LR A IS U T2, T OWRE &
JECHRRTS % LS EREG 2 E U2 fEED b %
TeDHIREHETIEZNLL EIMEL RN T EVEID 5N
% (Fig.6) 7.

HA RTAY =D >720, BEDEMET/ N )V—
VAT =T IIVDT VN —DBNEEIR A, FlR0A
N=ZMN LRI 753 K5 BREDLEICIZa Y5
V=AM LTV AT LRRDZE R D % TR
WL TR D . FIPAE K O BENEN U E AR
72 U TARIE OB 281 B8 TN b— ARBREHIC N L —
MFEINCILHENTL 2815 ()VF20) ZHik
TE5lbar T o—ATNN—2%% 25T LBk
TH5. ELTOBICIZ S V=B y 7y —A0
M TWB T ez KRS 208N H 5. Hicn
VY= ARET B T ETRDAT Y TADIIE,
DEDHYT 4 VTN —URAT Y MBEEAHEL
HAHHEND 5.

Double balloon method Triple balloon method
2

Tm
Irtr.
“ r]+ l N
ry mr,
2 2
I+, 3™ ‘ 3

5 rytry
3 n(r +r,4r3)+2(r 1y 4r3) = 2R

R = 0.65% (r+rytrs)

(4, H2(ry ) = 27R

R = 0.82 X (r,+1,)
Fig. 7 The formulas are shown to determine the
balloon size for double and triple balloon
angioplasty. The estimated circumference
is equivalent to the aggregate of merged

balloon circumferences.

Fig. 8 Angiograms show an occluded major
aortopulmonary collateral in a 2-year-old
patient with pulmonary atresia and ventric-
ular septal defect. If there appears to be a
resistant waist in the balloon that is less
than a half of the balloon diameter, it is
recommended against full inflation under
high pressure initially.

YT IWNV— RIS X BYERE TIEA T THEICK
CIEE N V— e Ll U758, X7 0N )b—
VEHBVIE Y TNV —iEL AR TS
% 5 I IN—ETIE 2 D0 b— % (x
L) NOIMERMEZIELZNCHE S MERD
BIAEIME RIS LT ED L SWVDEERIC R B I
Ko T2DO/ =R ERET D, VTS —
NCHE U T2 — 2 5%8=0.82X (1, +r1,) & LUTHEH
ENha. MU OIWSOV— ORI GEE RIESEIC
TNz (Fig. 7). TTTFig 8 & T 5. BIAE
4.7 mm, TNISIRIMER 5.8mm, =HAISIRIME R
8.8mm TH B Iz DR DFEGH 5ER T NB/N)L—
URE 12mm BBV 14mm HAEZYETHS. 12mm
BHZHZ5NF14mmBEOY VTNV —2TH B E
TR MY DY —ANRE LD H, 77 AN1IAR
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