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Single-stage reconstruction of supravalvular
aortic stenosis and severe peripheral
pulmonary artery stenosis in an infant
with Williams syndrome: a case report

Williams syndrome (WS) is a rare multisystem disorder caused by a 7q11.23 microdeletion, leading to elastin
deficiency and generalized arteriopathy. The most clinically significant manifestations include supravalvular aortic
stenosis (SVAS) and peripheral pulmonary artery stenosis (PPAS). Severe, multilevel PPAS in early infancy presents
a major surgical challenge due to near-systemic right ventricular (RV) pressures and the technical demands of
reconstructing small-caliber vessels in low-body-weight patients.

Case presentation. We report a 3-month-old infant (4.9 kg) with WS presenting with severe bilateral PPAS and
SVAS. Preoperative cardiac catheterization demonstrated an RV-to-aortic (RV/Ao) pressure ratio of 0.95 (RV systolic
pressure 95 mm Hg). Single-stage surgical correction was performed via median sternotomy: Doty aortoplasty for
SVAS and extensive bilateral patch augmentation of the main, branch, and lobar pulmonary arteries using autologous
pericardium. The postoperative course was complicated by reperfusion syndrome, hemodynamic instability, and
transient acute renal failure requiring peritoneal dialysis. Despite these challenges, the patient recovered fully. At
6-month follow-up catheterization, RV systolic pressure had decreased to 30 mm Hg (RV/Ao ratio 0.30), with sustained
hemodynamic improvement.

Conclusions. Early single-stage reconstruction of combined SVAS and multilevel PPAS is feasible and can provide
excellent, durable relief of RV pressure overload in small infants with Williams syndrome, even in the presence of
complex vascular anatomy and significant early postoperative morbidity. This approach warrants consideration in
selected high-risk cases.

Key words: Williams syndrome, supravalvular aortic stenosis, peripheral pulmonary artery stenosis, pulmonary
arterioplasty, infant cardiac surgery, single-stage repair

Cardiovascular abnormalities are the

Williams syndrome is a rare multisystem
most clinically significant manifestations of

genetic disorder caused by a microdeletion

on chromosome 7q11.23 involving the elastin
(ELN) gene [1, 2, 9], which encodes elastin - a key
structural protein of the vascular extracellular
matrix. Elastin deficiency leads to a generalized
arteriopathy characterized by progressive arteri-
al stenoses [2, 4], most commonly affecting the
supravalvular region of the aorta and the pulmo-
nary arterial tree.

Williams syndrome [3], with supravalvular aor-
tic stenosis (SVAS) and peripheral pulmonary
artery stenosis (PPAS) occurring frequently.
The pulmonary artery involvement demon-
strates a broad anatomical spectrum, ranging
from mild branch stenoses that may regress
over time to diffuse multilevel narrowing of
lobar, segmental, and subsegmental branches
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that can result in significant right ventricular
pressure overload.

Management strategies for PPAS remain chal-
lenging and depend on the severity and distri-
bution of stenoses. Mild lesions may be man-
aged conservatively or treated with catheter-
based interventions; however, severe or diffuse
disease often requires surgical reconstruction.
Contemporary surgical approaches increasingly
emphasize extensive pulmonary arterioplasty
targeting multiple stenotic segments to achieve
optimal hemodynamic outcomes [10].

Simultaneous repair of SVAS and PPAS in early
infancy remains technically demanding, particu-
larly in patients with low body weight and com-
plex pulmonary arterial anatomy.

We present the case of a 3-month-old infant
with Williams syndrome who underwent single-
stage surgical correction of supravalvular aortic
stenosis and peripheral pulmonary artery steno-
sis. This case highlights the challenges of surgical
decision-making in infants with complex pul-
monary arterial involvement and illustrates the
potential postoperative course following early
combined vascular reconstruction.

Case presentation

A 3-month-old infant with a body weight of
4.9 kg and a diagnosis of Williams syndrome
was referred to our center for evaluation of com-
plex cardiovascular anomalies. Clinical exami-
nation revealed tachypnea with dyspnea both
during feeding and at rest, accompanied by mild
peripheral cyanosis.

Transthoracic echocardiography demonstra-
ted supravalvular aortic stenosis with a peak
gradient of 20 mm Hg. Significant peripheral
pulmonary artery stenosis was also noted, with
a left pulmonary artery diameter of 2.5 mm and
a right pulmonary artery diameter of 2.6 mm.
Doppler gradients across the right and left pul-
monary arteries were 91 mm Hg and 84 mm Hg,
respectively. The right ventricular outflow tract
gradient was measured at 47 mm Hg.

Cardiac catheterization confirmed severe
peripheral pulmonary artery stenosis (Figure 1).
The diameters of the right and left pulmonary
arteries were 1.8 mm and 2.3 mm, respectively.
The right ventricular systolic pressure was 95
mm Hg, while systemic arterial pressure meas-
ured in the ascending aorta was 100 mm Hg, cor-
responding to a right ventricular-to-aorta (RV/Ao)
pressure ratio of 0.95.

The patient underwent surgical repair through
a median sternotomy. Prior to initiation of car-

diopulmonary bypass, the main and branch pul-
monary arteries were extensively mobilized
in order to expose all identifiable stenotic seg-
ments. Following systemic heparinization, cardi-
opulmonary bypass was established using aortic
and bicaval cannulation. The aorta was cross-
clamped and systemic cooling to 32 °C was initi-
ated. Antegrade cardioplegia was administered
via the aortic root.

An aortotomy was performed extending from
the ascending aorta toward the right and non-
coronary sinuses. The thickened sinotubular
ridge was excised, and supravalvular aortic ste-
nosis was repaired using the Doty aortoplasty
technique with augmentation of the aortic wall
using a glutaraldehyde-treated autologous peri-
cardial patch. Reconstruction of the pulmo-
nary arteries was then performed. Longitudinal
incisions were made along the inferior and
medial surfaces of the main pulmonary artery
and extended distally toward the inferior lobar
branches beyond the stenotic regions. Two elon-
gated autologous pericardial patches were used
to augment the main, branch, and lobar pulmo-
nary arteries using 7-0 polypropylene sutures
(Figure 2). Segmental ostial arterioplasty was
not performed in this case because the domi-
nant stenotic lesions were located in the lobar
branches. Additionally, the complexity of the
procedure and the lack of distal vascular control
devices limited further distal reconstruction.
After completion of the reconstruction, the heart
chambers were carefully de-aired and the aortic
cross-clamp was removed. Rewarming was initi-
ated. Shortly after initial separation from cardio-
pulmonary bypass, severe systemic hypotension
developed with arterial pressure dropping to 50
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Figure 1. Preoperative cardiac catheterization
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Figure 2. Surgical reconstruction of the pulmonary
arteries and supravalvular aortic stenosis. RCA - right
coronary artery; RPA - right pulmonary artery; LPA -
left pulmonary artery

mm Hg. Cardiopulmonary bypass was therefore
resumed for an additional 60 minutes of myo-
cardial reperfusion support. Subsequently, the
patient was successfully weaned from bypass.
The aortic cross-clamp time was 124 minutes
and the total cardiopulmonary bypass duration
was 188 minutes, with an additional 60 minutes
of reperfusion support.

The postoperative course was complicated
by significant reperfusion syndrome and hemo-
dynamic instability requiring inotropic support
with epinephrine (0.12 ug/kg/min), dobutamine
(5 pg/kg/min), and milrinone (0.3 pg/kg/min).
Severe oliguria (0.4 ml/kg/h) developed in the
early postoperative period. A peritoneal dialy-
sis catheter was placed on the first postopera-
tive day, and dialysis was initiated with hourly
exchanges using 50 ml dialysate. On postop-
erative day 4, epinephrine infusion was discon-
tinued. By postoperative day 6, urine output
increased to 0.8 ml/kg/h and dialysis frequency
was reduced to every 4 hours. The first extuba-
tion attempt on postoperative day 7 was unsuc-
cessful, and the patient required reintubation
after 3 hours. At that time, urine output further
improved to 1.09 ml/kg/h. Peritoneal dialysis
was discontinued and the dobutamine dose was
reduced to 3 pg/kg/min. Successful extubation
was achieved on postoperative day 8. Chest
drains were removed on postoperative day 7, and
the peritoneal dialysis catheter was removed on
postoperative day 10. Dobutamine infusion was
discontinued shortly thereafter. The patient was

Figure 3. Postoperative cardiac catheterization

transferred from the intensive care unit to the
ward on postoperative day 18.

Postoperative echocardiography demonstrat-
ed a significant reduction in right ventricular
pressure to 21 mm Hg. Residual gradients across
the right and left pulmonary arteries were 20 mm
Hg and 25 mm Hg, respectively.

The patient was discharged home on postop-
erative day 28.

At 6-month follow-up cardiac catheterization,
the right ventricular systolic pressure was 30
mm Hg, with systemic arterial pressure of 100
mm Hg, corresponding to a RV/Ao pressure ratio
of 0.30, indicating significant hemodynamic
improvement following surgical reconstruction
(Figure 3).

Discussion

Peripheral pulmonary artery stenosis repre-
sents a common component of the generalized
arteriopathy associated with Williams syndrome
[3]. Elastin deficiency leads to abnormal arterial
wall architecture and progressive narrowing of
medium- and large-sized arteries. This condition
occurs in up to 40-60 % of patients with Williams
syndrome. Involvement of the pulmonary arte-
rial tree may range from mild focal stenoses to
diffuse multilevel disease affecting lobar, seg-
mental, and subsegmental branches.

The clinical spectrum of PPAS in Williams
syndrome is highly variable. Mild stenoses may
remain hemodynamically insignificant and have
been reported to regress spontaneously during
childhood [3]. In selected patients, catheter-
based interventions such as balloon angioplasty
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may provide temporary relief of obstruction.
However, in patients with diffuse or severe
disease, catheter interventions are often associ-
ated with limited efficacy and a significant risk
of restenosis or vascular injury [5]. For these
patients, surgical reconstruction remains the
most definitive treatment option.

Several surgical strategies for reconstruc-
tion of the pulmonary arterial tree have been
described. Contemporary approaches emphasize
extensive mobilization of the pulmonary arteries
and augmentation of multiple stenotic segments
using patch arterioplasty [6-8]. Some authors
advocate reconstruction extending to lobar and
segmental branches in order to relieve all hemo-
dynamically significant obstructions. Large sur-
gical series have demonstrated that aggressive
multilevel pulmonary artery reconstruction can
significantly reduce right ventricular pressure
and improve long-term hemodynamic outcomes.
In a contemporary 2-decade experience includ-
ing 145 patients, L.M. Felmly et al. reported
significant postoperative improvement in right
ventricular pressure following extensive pulmo-
nary artery reconstruction [6]. In that series,
the right ventricular-to-systemic pressure ratio
decreased from approximately 1.0 preoperative-
ly to 0.30 postoperatively, which is comparable
to the hemodynamic improvement observed in
our patient. Different patch materials have been
used, including autologous pericardium and
pulmonary homograft tissue. In addition, short
ostial stenoses may be addressed using targeted
techniques such as V-plasty. The heterogeneous
anatomical distribution of peripheral pulmonary
artery stenosis has been highlighted in recent
surgical studies. A. Al-Khaldi et al. analyzed late
outcomes following surgical reconstruction of
peripheral pulmonary arteries and proposed an
anatomical classification reflecting the extent of
pulmonary artery involvement at different lev-
els of the pulmonary arterial tree. Their results
demonstrated that extensive patch augmentation
of the pulmonary arteries can provide dura-
ble hemodynamic improvement in patients with
complex multilevel disease [7].

In the present case, the dominant stenotic
lesions were located in the lobar pulmonary
artery branches. Surgical repair therefore con-
sisted of patch augmentation of the main and
branch pulmonary arteries extending distally
toward the affected lobar segments. Although not
all distal stenoses were addressed, this strategy
resulted in a substantial reduction in right ven-

tricular pressure, with the RV/Ao pressure ratio
decreasing from 0.95 preoperatively to 0.30 at
follow-up.

The postoperative course in our patient was
complicated by significant hemodynamic insta-
bility, prolonged mechanical ventilation, and
acute renal dysfunction requiring temporary
peritoneal dialysis. These complications likely
reflect the severity of the preoperative hemo-
dynamic burden and the physiological impact
of extensive pulmonary artery reconstruction.
Reperfusion of previously underperfused pul-
monary vascular territories may lead to tran-
sient hemodynamic instability and increased
postoperative support requirements [11].

Despite these early postoperative challenges,
the patient demonstrated marked hemodynamic
improvement with significant reduction in right
ventricular pressure and acceptable residual gra-
dients across the pulmonary arteries. This case
illustrates both the technical feasibility and the
potential postoperative complexity associated
with early combined repair of supravalvular aor-
tic stenosis and peripheral pulmonary artery
stenosis in infants with Williams syndrome. The
hemodynamic improvement observed in our
patient (RV/Ao ratio reduction from 0.95 to 0.30)
is comparable to results reported in large surgical
series [6] of peripheral pulmonary artery recon-
struction.

Several limitations should be acknowledged.
As a single-case observation, the results may not
be representative for all patients with Williams
syndrome and diffuse PPAS. Furthermore,
reconstruction was limited to the main, branch,
and lobar pulmonary arteries without address-
ing more distal segmental stenoses, primarily
because the dominant obstructive lesions were
located at the lobar level, combined with the
technical challenges of extensive distal repair in
a 3-month-old infant and the absence of special-
ized distal bleeding control tools (such as neuro-
clips).

Conclusions

Early surgical management of combined sup-
ravalvular aortic stenosis and peripheral pul-
monary artery stenosis in infants with Williams
syndrome is feasible but may be associated with
a complex postoperative course. Individualized
surgical strategies based on the anatomical distri-
bution of pulmonary artery stenoses are essential
to achieve optimal hemodynamic outcomes.
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[oCTynHicTb AaHWX:

Jlani e3mo i3 dxcepen, wio € y 8inbHomy docmyni. Bci nocunanHa
Ha sukopucmani Oxicepena HasedeHo 8 cmammi.

[xepena diHaHCyBaHHS:
Hanucanna cmammi He 8UMazano cneyianbHozo GiHaHCy8aHHA.
KoHonikT iHTepecis:
Kongaixmy inmepecise nemac.
YyacTb aBTOpIB:

I0es ma dusaiin docaidxucenus — C.M., B.K., /I.I., B.I'.; AiKy8aHH:
xeopux - B.B., A.K., H.P, B.I.; 36ip i 00pobka mamepianig, Hanu-
canua mexkcmy — B.I.

ETn4He cxBaneHHs:
He neped6auere memoro i KOHUenyicto pobomu.
IHpopmoBaHa 3roga:

Bi0 6bamukig nayienma ompumano inpopmosany 3200y Ha ny6ai-
kayio sunadxy.

Mopsika:

Asmopu cmammi 03Ky10Mb NepcoHany KAHIKU ma Koaezam, 8io-
noeidanrvHUM 3a 8edeHHA Nayienma.

References

1. Metcalfe K, Rucka AK, Smoot L, Hofstadler G, Tuzler G,
McKeown P, et al. Elastin: mutational spectrum in supraval-
vular aortic stenosis. Eur J Hum Genet. 2000;8(12):955-63.
https://doi.org/10.1038/sj.ejhg.5200564

2. Delio M, Pope K, Wang T, Samanich J, Haldeman-Englert CR,
Kaplan P, et al. Spectrum of elastin sequence variants and
cardiovascular phenotypes in patients with Williams-Beuren
syndrome. Am J Med Genet A. 2013;161A(3):527-33. https:/
doi.org/10.1002/ajmg.a.35784

3. Collins RT. Heart disease in Williams syndrome. Arch Dis
Child. 2003;87(5):420-3. https://doi.org/10.1136/adc.87.5.420

4. Fattouch K, Sampognaro R, Navarra E, et al. Elastin turnover
in Williams-Beuren syndrome and related vasculopathies.
Eur Heart J Open. 2024;4:0eae045. https://doi.org/10.1093/
ehjopen/oeae045

5. Geggel RL, Lock JE. Balloon dilation angioplasty of periph-
eral pulmonary stenosis associated with Williams syndrome.
Circulation. 2001;103(17):2165-70. https://doi.
org/10.1161/01.cir.103.17.2165

6. Felmly LM, Mainwaring RD, Collins RT, Lechich K, Martin E,
Ma M, Hanley FL. Surgical repair of peripheral pulmonary
artery stenosis: a 2-decade experience with 145 patients. J
Thorac Cardiovasc Surg. 2023;165(4):1493-1502.e2. https:/
doi.org/10.1016/j.jtcvs.2022.07.037

7. Al-Khaldi A, Abuzaid AD, Tamimi O, Alsahari A, Alotay A,

Data availability:

The data have been obtained from freely available sources. All
references to the sources used are listed in the article.

Sources of funding:
Writing the article didn’t require special funding.
Conflict of interest:
There is no conflict of interest.
Authors’ participation:

Study concept and design - S.M., V.K., D.H., B.H.; patient
treatment - V.V,, A.K., N.R., B.H.; collection and processing of
materials, writing text - B.H.

Ethical approval:
Not provided for by the topic and concept of the work.
Informed consent:

Informed consent to publish case report was obtained from parents
of the patient.

Gratitude:

The authors of the article thank the clinic staff and colleagues
responsible for patient management.

Momenah T, Alfonso JJ. Late outcomes of surgical recon-
struction of peripheral pulmonary arteries. J Thorac
Cardiovasc Surg. 2022;163(4):1448-57.e6. https://doi.
org/10.1016/j.jtcvs.2021.07.057

8. Monge MC, Mainwaring RD, Sheikh AY, Punn R, Reddy VM,
Hanley FL. Surgical reconstruction of peripheral pulmonary
artery stenosis in Williams and Alagille syndromes. J Thorac
Cardiovasc  Surg. 2013;145(2):476-81.  https://doi.
org/10.1016/j.jtcvs.2012.09.102

9. Kozel BA, Barak B, Kim CA, Mervis CB, Osborne LR, Porter
M, Pober BR. Williams syndrome. Nat Rev Dis Primers.
2021 Jun 17;7(1):42. https://doi.org/10.1038/s41572-021-
00276-z

10. Ma M, Martin E, Algaze C, Collins RT, McElhinney D,
Mainwaring R, Hanley F. Williams Syndrome: Supravalvar
Aortic, Aortic Arch, Coronary and Pulmonary Arteries: Is
Comprehensive Repair Advisable and Achievable? Semin
Thorac Cardiovasc Surg Pediatr Card Surg Annu. 2023;26:2-8.
https://doi.org/10.1053/j.pcsu.2022.12.003

11. Yokota Rumi, Kwiatkowski DM, Journel C, Adamson GT,
Zucker EM, Suarez G, Lechich KM, Chaudhuri A, Collins RT.
Postoperative Acute Kidney Injury in Williams Syndrome
Compared With Matched Controls. Pediatric Critical Care
Med. March 2022;23(3):pe162-e170. https://doi.org/10.1097/
PCC.0000000000002872



V.Yu. Vashkeba et al. YKpaiHcbkuni xypHan cepugs. 2026; Tom 15, Ne 1 65

B.10. Bawke6a, B.l. fyniubkuia, H.M. Py6aH, A.C. Konu4, C.B. MaHbKo,
A.B. FapOys3, B.I. KapneHko

OHM «IHcTuTyT cepua MO3 YkpaiHn», Kuis

OpHoeTanHa peKoHCTPYKLUis HagKNanaHHOro aopTanbHOrO CTEHO3Y
Ta TAXKOro cTeHo3y nepudepinHOi nereHeBoi apTepii B HEMOBNATU
i3 CcMHAPOMOM BinbsMca: KniHiYHMIM BMNAAoK

CuHppom Binbsimca — pigKicHe MynbTUCUCTEMHE FreHeTUYHE 3aXBOPIOBaHHS, CPUYNHEHE MiKpoaeneLi€lo AinsaHKN
7911.23, wo npu13BoanTb A0 AediunTy enacTmHy Ta po3BUTKY reHepanisoBaHoi apTepionarii. Haibinblw kniHiYHO 3Ha-
YyLMMM NPOSiIBaMU € HaZKNTanaHHUIN CTEHO3 aopTU Ta NepudepinHi cTeHo3M nereHeBUX apTepin. Taxki baraTopiBHeBI
CTEHO3U NlereHeBuX apTepill y paHHbOMY AMTAYOMY BiLli CTAaHOBNATL 3HAYHY XipypriyHy NpobnemMy Yepes CUCTEMHUN
TUCK Yy MPaBOMY LLIYHOUKY Ta TEXHIYHY CKNaAHICTb PEKOHCTPYKLT CyAnH Manoro fgiameTpa B MaLi€HTIB i3 MaJsiolo Macoto
Tina.

KniniyHui Bunapok. MpeactaBneHo BUNagoK 3-MicayHoro HemoBnstu (Maca Tina 4,9 Kr) i3 cMHApoMoM
Binbsimca, B sIKoro Oyno giarHOCTOBaHO TAXKi ABOOIYHI nepudepirHi cTeHO3M NlereHeBUX apTepin Ta HagKanaHHUN
cTeHo3 aopTu. MNepeponepaLlinHa KaTeTepm3salia cepus nokasana ChiBBiAHOWEHHS TUCKY MPaBOro LWAyHO4YKa Ao
aoptu (RV/A0) 0,95 (cucToniyHMin TUCK y MpaBOMY LWAYHOYKY — 95 MM pT. CT.). BUKOHAHO OfHOMOMEHTHY XipypridHy
KOpeKLUilo Yepes cepeMHHY CTEPHOTOMIIO: MAAcTUKY HagKnanaHHOro CTeHo3y aopTh 3a MeToamkoio Doty Ta wmpoky
[BODIYHY MNacTuky CToBOYypa, rinok i JONbOBUX NereHeBUX apTepiln NaTtkaMu 3 aBTonepukapaa. MicnsonepauiiHuimi
nepebir ycknagHMBCS cMHApPoMOM penepdysii, reMmoamMHaMiYHO HecTabinbHICTIO Ta TPaH3UTOPHOID FOCTPOID HUP-
KOBOIO HEJOCTaTHICTIO, WO noTpebyBana NpoBeAeHHs NepuToHeanbHOro Aianisy. Hesaxatoun Ha Ui ycKnagHeHHs,
CTaH MaujeHTa NocTyrnoBo cTabinisyBaBcs. Yepes 6 Mic Nnij Yac KOHTPONbLHOI KaTeTepu3aLii cepus CUCTONIYHUN TUCK
y NpaBoMy LAYyHOUKY 3HM3MBCA Ao 30 mm pT. cT. (RV/Ao = 0,30), Wwo cBig4Mno Npo 3HayHe Ta CTiike reMoauHaMivHe
nokpaLLaHHs.

BucHoOBKW. PaHHA OJHOMOMEHTHa XipypriyHa PeKOHCTPYKLiS NpU NOEAHaHHI HaKNanaHHOro CTEHO3y aopTu Ta
OaraTopiBHeBUX NepudepPiINHNX CTEHO3IB NIereHeBUX apTepin y HEMOBAST i3 CUHAPOMOM BiflbsiMca € TEXHIYHO MOXNU-
BOIO Ta MOXe 3abe3neynT BUpaxeHe 11 TpMBane 3HMXEHHS NepeBaHTaXeHHS NPaBoro LWAyHo4YKa TMCKOM HaBiTb 3a
HasIBHOCTI CKNafHOT CyAMHHOI aHaTOMIi Ta 3Ha4YHUX PaHHiX nicnsonepauifHuX ycknagHeHb. Takuii nigxig Mmoxe OyTn
JOUINBbHUM y peTeNbHO BifibpaHUX NaLi€HTIB 3 BUCOKMM PUINKOM.

KnrouoBi cnoBa: cnHapom Binbsimca, HagknanaHHUN aopTanbHUNM CTEHO3, nepudepinHUn CTEHO3 NereHeBoi
apTepii, nereHeBa apTepionfacT1ka, Kapaioxipypris HEMOBAST, OQHOMOMEHTHE BiJHOBJIEHHS
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