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Abstract

BACKGROUND

Ductal spasm is a rare but life-threatening complication of cardiac catheterization
in neonates with pulmonary atresia and an intact ventricular septum. In patients
with ductal-dependent pulmonary blood flow, ductal spasm may lead to
refractory hypoxemia and severe hemodynamic instability, which need to be
treated in perfect order.

CASE SUMMARY

We present a male infant with a gestational age of 39 wk, and his fetal echocardio-
graphy showed pulmonary atresia. At 28 d of age, transcatheter pulmonary
valvuloplasty with balloon dilatation was performed. Two hours after the
operation, the patient's pulse oxygen saturation continued to decrease. The
patient was then transferred to receive cardiac catheterization. During catheter-
ization, the invasive blood pressure and pulse oxygen saturation suddenly
decreased, and repeated aortography revealed partial occlusion of the ductus
arteriosus. It no longer changed when pulse oxygen saturation rose to 51% after
approximately 20 min of maintenance therapy. Therefore, a ductal stent was used
for implantation. Hemodynamics and hypoxemia were improved.

CONCLUSION

We should know that ductal spasm may occur during pulmonary atresia and
intact ventricular septum cardiac catheterization. Understand the pathophy-
siology of ductal-dependent pulmonary blood flow and make comprehensive
perioperative preparations essential to deal with hemodynamic disorders caused
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Core Tip: In patients with ductal-dependent pulmonary blood flow, ductal spasm may lead to refractory
hypoxemia and severe hemodynamic instability. Ductal stenting has been widely developed as an initial
palliative strategy to secure pulmonary blood flow in such patients. We report a case of a neonate with
pulmonary atresia and an intact ventricular septum who developed ductal spasm during ductal stenting.
We discussed the appropriate treatment for ductal spasm in a neonate during cardiac catheterization.

Citation: Zhang X, Zhang N, Song HC, Ren YY. Management of ductal spasm in a neonate with pulmonary atresia
and an intact ventricular septum during cardiac catheterization: A case report. World J Clin Cases 2022; 10(35):
13015-13021

URL: https://www.wjgnet.com/2307-8960/full/v10/i35/13015.htm
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INTRODUCTION

Percutaneous ductal stenting has been widely developed as an initial palliative strategy to secure
patients with pulmonary atresia and intact ventricular septum (PA/IVS)[1]. Ductal stenting can be
performed simultaneously or in stages after pulmonary valvuloplasty. The management of interven-
tional surgery in such patients is challenging. Ductal spasm (DS) is a rare but life-threatening
complication of cardiac catheterization in neonates with PA/IVS. In patients with ductal-dependent
pulmonary blood flow (PBF), DS may lead to refractory hypoxemia and severe hemodynamic instability
[2]. We report a case of a neonate with PA/IVS who developed DS during ductal stenting. Changes in
hemodynamics and respiratory parameters were recorded, and the treatment process was summarized
and analyzed.

CASE PRESENTATION

Chief complaints
The patient was a male infant with a gestational age of 39 wk, and his fetal echocardiography showed
pulmonary atresia.

History of present illness

Fetal echocardiography of the neonatal patient was performed before delivery (24 wk pregnant) to show
pulmonary atresia. Due to abnormal umbilical blood flow, the patient was delivered by cesarean
section, without a history of intrauterine distress and premature rupture of membranes. Then, the
patient was transferred to the cardiac intensive care unit (CICU) for further treatment. The patient
received prostaglandin E1 (PGE1) at 3 ng/kg/min to maintain patency of the ductus arteriosus (DA)
after delivery, and the pulse oxygen saturation (SPO,) was 84%-88%.

History of past illness
The patient had no history of other illnesses.

Personal and family history
The patient had no family history of illness.

Physical examination

The physical examination revealed normal development (height, 50 cm; weight, 3.26 kg), a blood
pressure of 85/47 mmHg, a pulse rate of 145 beats per min, and a respiratory rate (RR) of 30
breaths/min. His pulse oxygen saturation (SPO,) was 84%-88% in room air.
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Laboratory examinations

Blood tests showed an Hb level of 12.5 g/dL, hematocrit (Hct) of 37%, platelet count of 266 x 10° cells/L,
leukocyte count of 11.22 x 10°/L, C-reactive protein of 4.16 mg/L, and N-terminal pro-brain natriuretic
peptide (NT-proBNP) of 982.50 pg/mL. Other blood tests showed no significant abnormalities.

Imaging examinations

Postnatal echocardiography revealed a foramen ovale of approximately 5.5 mm, a right-to-left shunt,
and an intact ventricular septum. The pulmonary valve ring was 6.2 mm, with membranous atresia. The
descending aorta was connected to the bifurcation of the main pulmonary artery through the patent
ductus arteriosus (PDA) (the inner diameter of the end of the pulmonary artery was 3 mm) and a
continuous shunt.

FINAL DIAGNOSIS

Pulmonary atresia and intact ventricular septum; Patent foramen ovale; Patent ductus arteriosus.

TREATMENT

At 28 d of age, the patient planned to undergo pulmonary valve perforation and percutaneous balloon
pulmonary valvuloplasty (PBPV). After induction of anesthesia, the patient inhaled 30% oxygen; left
internal jugular vein and left radial artery catheterization were performed, and PGE1 was continuously
infused at 3 ng/kg/min. Descending aortography showed that the DA was tubular with an internal
diameter of 3.0 mm. After pulmonary valve perforation and balloon dilatation, right ventriculography
showed that the pulmonary valve was open, and SPO, was 89% when the patient was returned to the
CICU with an endotracheal tube. Two hours later, the patient's SPO, dropped to 75%. Echocardiography
showed a significantly enlarged right atrium, with a right-to-left shunt at the atrial level, patent foramen
ovale (diameter, 7 mm), PDA (diameter, 3 mm at the pulmonary end), severe tricuspid regurgitation,
and a little forward flow through the pulmonary valve. Intensive care doctors considered the patient to
have developed right-sided heart failure. The treatment included infusion of vasoactive drugs and
diuretics, inhalation of nitric oxide, intravenous infusion of treprostinil to reduce pulmonary artery
pressure, and adjustment of the PGE1 dose to 10 ng/kg/min. However, the SPO, continued to decrease
to as low as 60%. The patient was then transferred from the CICU to the catheterization room. General
anesthesia was maintained by inhaling 1.5% sevoflurane in 40% oxygen and cisatracurium 0.5 mg
administered intravenously. Descending aortography revealed that the PDA was tortuous and flat
(Figure 1A). When the catheter was adjusted, the invasive blood pressure (IBP) suddenly decreased
from 68/40 mmHg to 44/28 mmHg (Figure 2A), SPO, decreased from 68% to 40%, and end-tidal carbon
dioxide (PETCO,) decreased from 36 mmHg to 18 mmHg. Repeated aortography revealed partial
occlusion of the DA (Figure 1B). The catheter was withdrawn because of a suspected DS. PGE1 was
increased to 20 ng/kg/min, and norepinephrine was increased to 0.2 pg/kg/min. Simultaneously, the
concentration of inhaled oxygen was reduced to inhaled air. It no longer changed when SPO, rose to
51% after approximately 20 min of maintenance therapy. Therefore, a ductal stent was used for
implantation. After successfully implanting a 4.5 mm x 21 mm stent, the change in invasive arterial
pressure was 65/42 mmHg (Figure 2B), SPO, was 85%, and ETCO, was 33 mmHg. PGE1 treatment was
then discontinued. Aortography showed that the stent was unobstructed without displacement
(Figure 1C). The guidewire and balloon were withdrawn, and the patient was returned to the CICU.

OUTCOME AND FOLLOW-UP

The patient was hemodynamically in the immediate postoperative period, and his SPO, while breathing
room air was 85%. Then, the endotracheal tube was removed on day 3 after ductal stenting intervention,
and the patient was discharged from the CICU 2 days later. One month later, the patient underwent
balloon dilatation of the pulmonary valve again, and catheter angiography showed ductal stent patency
without stenosis or occlusion.

DISCUSSION

A 28-day-old neonate with PA/IVS who underwent PBPV developed persistent hypoxemia and could
not be improved after a series of treatments. The patient had to be transferred to receive cardiac cathet-
erization. During catheterization, the invasive blood pressure and pulse oxygen saturation suddenly
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Figure 1 Angiographic images of ductus arteriosus before and after spasm. A: Descending aortography revealed that the patent ductus arteriosus
(PDA) was tortuous and flat. The orange arrow showed the position of PDA; B: Repeated aortography revealed partial occlusion of the ductus arteriosus. The orange
arrow showed PDA markedly curved, S-shaped; C: Aortography showed that the stent was unobstructed without displacement.

DOI: 10.12998/wjcc.v10.i35.13015 Copyright ©The Author(s) 2022.

Figure 2 Hemodynamic changes of ductal spasm and stent implantation. A: The IBP suddenly decreased; B: After successful stent implantation, the
invasive blood pressure changed to an instant increase.

decreased, and repeated aortography revealed DS. We adopted routine treatment methods, including
inhaling air, increasing the infusion dose of PGE1 and vasoactive drugs. It no longer changed when
SPO, rose to 51% after approximately 20 min of maintenance therapy. Therefore, a ductal stent was used
for implantation. Hemodynamics and hypoxemia were improved. Pulmonary circulation in patients
with PA/IVS depends on DA patency. Postpartum contraction of DA will lead to severe hypoxemia,
cyanosis and death[3]. Ductal stenting for DA is usually used for patients who have successfully
undergone pulmonary valve perforation but still need pulmonary circulation support because PGE1
infusion cannot be relieved[4]. Compared with a modified Blalock-Taussig (BT) shunt, a meta-analysis
demonstrated that ductal stenting had fewer procedural complications and shorter CICU stays[5].
According to the Catheterization for Congenital Heart Disease Adjustment for Risk Method, pulmonary
valve perforation and any catheterization within 4 days after surgery are classified as the most high-risk
procedures. This classification is because most of these patients are newborns or premature infants with
long operation times and high skill requirements. The procedure can easily cause drastic changes in
hemodynamics and SPO,. Most ductal stenting procedures are performed later after balloon pulmonary
valvuloplasty. As a staged procedure, it was helpful to evaluate the ductal contraction time after PGE1
discontinuation and can avoid stent displacement and dislocation. In addition, some patients had to
undergo cardiac catheterization and stent implantation a few days after balloon pulmonary valvulo-
plasty because they could not tolerate PGE1 infusion or SPO, continued to decrease[1].

In previous reports, the most common complication of PA/IVS cardiac catheterization was vascular-
related injury. Other complications include DS, dissection, acute stent thrombosis, stent migration or
dislodgment. However, the incidence of DS has not been reported in detail in previous ductal stenting
studies. Chen and colleagues reported a case of ductal dissection and spasm during stenting of a PDA
[6]. The catheter was considered sandwiched because the guidewire could not pass through the DA
smoothly, and the end was slightly deformed. After pulling out the guidewire, the SPO, decreased to
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60%. Repeated angiography revealed a severe DS. PGE1 was administered again (20 ng/kg/min). The
hemodynamics were stable, and SPO, recovered to 85% after 20 min of PGE1 infusion. Finally, a ductal
stent was implanted. According to the literatures[7-9], there are many factors leading to DS. One
possible factor is mechanical stimulation. A cardiac interventionalist may unintentionally induce spasm
when performing catheter manipulation to enter the aortic arch, main or branch pulmonary artery, or
when crossing the PDA[8]. Another possible factor is biochemical stimulation. DS may be stimulated by
stress-induced catecholamine (nitric oxide and prostaglandins) release[9] and inhalation of high concen-
trations of oxygen[10]. In this case, the concentration of inhaled oxygen did not change, and PGE1 was
continuously infused before and during the catheterization procedure. Therefore, we considered that
the catheter stimulated the DA during aortic angiography, causing contraction and spasm.

Evidence of DS in patients with ductal-dependent PBF includes confirmation of PDA presence by
preoperative echocardiography and intraoperative angiography. Second, intraoperative echocardio-
graphy and angiography showed that the catheter's ampulla gradually became thinner and completely
or nearly occluded[7]. Finally, significant reductions in IBP, SPO,, and ETCO, (manifestations of
decreased PBF) are important clinical indications. Therefore, the prevention of DS is important. In
patients with ductal contractions, it is necessary to consider the possibility of further ductal contractions
during the procedure. Determining continuous infusion of PGE1 and performing appropriate
operations are important. To reduce the DS or expand the stenosis area, Bahaidarah and colleagues
recommended that PGE1 should be infused intravenously until the guidewire passes through the DA
[11]. After DS, if the catheter or wire has crossed the PDA, the stent can be implanted quickly to re-
establish stable PBF[2]. If the stent cannot be implanted as soon as possible, the catheter should be
removed immediately to alleviate DS[5]. In this case, the reason for this patient's ductal stenting was
that SPO, continued to decrease, and the pulmonary artery had little forward blood flow, which was not
enough to meet the needs of the body. DS during the procedure occurred suddenly, not slowly. The
most appropriate response was to withdraw the catheter and provide conservative treatment. It was
wise to wait for a few minutes and take an angiogram again to observe the size of the DA to decide the
next treatment[12,13]. If the stent is directly implanted, it may be disastrous to further stimulate the
ductus arteriosus and cause the ductus arteriosus to close directly. To avoid further aggravation of the
DS, we did not immediately cross the wire and catheter to the PDA to implant the stent. Of course, DS is
a functional abnormality that can be reversed through treatment, but it takes time to reverse before
patient's condition continue to deteriorate. However, there was no significant relief of DS after conser-
vative treatment. The patient could not continue to tolerate long-term hypoxia and hypotension, so we
performed ductal stenting.

Specific anesthetic management at this time is not decisive, but measures should be taken to relieve
DS and maintain hemodynamic stability as much as possible. Preoperative safe central venous access,
inotropes, vasopressors, and sodium bicarbonate are necessary to increase blood pressure, improve
acidosis, and help blood flow through the PDA during DS, thereby increasing PBF[14]. IBP monitoring
is important to quickly observe the direct hemodynamic changes following DS. Batlivala and colleagues
reported 2 cases of DS after angiography. Continuous arterial pressure monitoring helps patients
quickly diagnose DS[15]. When DS occurs, the infusion dose of PGE1 should be increased immediately.
Some studies suggest that when aggravating cyanosis compatible with impending closure occurs in
patients with ductal-dependent PBF, an initial dose of 20 ng/kg/minute PGE1 should be started[16,17].
If there is no improvement in oxygenation, stepwise dose increases of 5 ng/kg/minute are administered
until no further increase in oxygenation occurs or SPO, has reached the preclosure level of the ductus
arteriosus, even to 100 ng/kg/min. If the hemodynamics are stable, the catheter is generally reopened
within 30 mins to 2 h[18]. Of course, an initial dose of PGE1 of 20 ng/kg/min was given after DS in this
case. It was undeniable that our approach was conservative, and we did not continuously increase the
dose of PGE1. When hypoxaemia occurs in DS, some researchers believe that increasing the inhaled
oxygen concentration cannot improve the condition. Instead, air should be inhaled for ventilation to
avoid hyperoxia, stimulating the further development of DA occlusion. Historical animal experiments
have shown that when the same isolated DA rings were transferred from low oxygen partial pressure
(PO,) to high PO, and restimulated by administering PGE1, the relaxation effect of PGE1 on DA rings at
high PO, was significantly increased. However, no further study has confirmed whether the DA
response to PGE1 is the same from low PO, to high PO,. Decker and colleagues suggested that
inhalation anesthesia should be changed to total intravenous anesthesia with propofol because 8
children with DS were well relieved in their cases[19]. However, there is no clear explanation for this
phenomenon. Heparin administration to achieve an activated clotting time of > 250 s should be
confirmed. If a stent cannot be implanted and hemodynamics deteriorate rapidly, cardiopulmonary
bypass or extracorporeal membrane oxygenation can be performed as soon as possible to save time and
life.

CONCLUSION

Ductal spasm may occur during PA/IVS cardiac catheterization. Understand the pathophysiology of
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ductal-dependent PBF and make comprehensive perioperative preparations are essential to deal with
hemodynamic disorders caused by ductal spasm.
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