o Congenital Heart Disease @Ch Science Press
stk

Doi:10.32604 /chd.2025.063072

LETTER Check for

updates

Carotid Artery Pseudoaneurysm in a Pediatric Patient Following ECMO:
Management with Carotid Artery Ligation and Pseudoaneurysm Resection
under Balloon Occlusion-Guided DSA

Yaqi Zhang'#, Liang Hu'#, Yuxi Zhang?, Bo Qian!, Jirong Qi'? and Wei Peng!%*

1Department of Cardiothoracic Surgery, Children’s Hospital of Nanjing Medical University, Nanjing, 210008, China
2Clinical Teaching Hospital of Medical School, Nanjing Children’s Hospital, Nanjing University, Nanjing, 210093, China
*Corresponding Author: Wei Peng. Email: pengwei@njmu.edu.cn

#These authors contributed equally to the present study and should be regarded as joint first authors

Received: 04 January 2025; Accepted: 06 March 2025; Published: 18 March 2025

ABSTRACT: Background: Carotid artery pseudoaneurysm in children is rare; typically caused by trauma;
surgical interventions and infection. These aneurysms can lead to significant neurological and vascular
risks; and their management remains challenging. While endovascular therapy has become the standard
for giant pseudoaneurysms in adults; its use in children is limited. No established guidelines or long-term
safety data exist for pediatric endovascular treatment. We present a child who developed a carotid artery
pseudoaneurysm after venoarterial extracorporeal membrane oxygenation (VA-ECMO) support and heart
transplantation; highlighting the management strategies and outcomes. Case Description: A 4-year-old
boy with dilated cardiomyopathy was admitted for congestive heart failure and subsequently required
VA-ECMO support due to worsening hemodynamics. After heart transplantation; the patient developed
a persistent hoarseness and a rapidly enlarging neck mass. Imaging confirmed the presence of a giant
carotid artery pseudoaneurysm. Balloon occlusion-guided digital subtraction angiography (DSA) revealed
adequate collateral circulation; allowing successful carotid artery ligation and pseudoaneurysm resection.
Postoperative recovery was uneventful; with no neurological deficits or complications; and regular follow-up
confirmed no further adverse sequelae. Conclusions: Management of carotid artery pseudoaneurysms
in pediatric patients remains challenging. Under the guidance of DSA and with the assistance of balloon
occlusion; precise aneurysm resection and vascular reconstruction can be achieved. In the event that vascular
conditions limit the success of the repair; the balloon’s ability to occlude the parent artery and supplying
vessels can safely facilitate the ligation of the parent artery of the aneurysm.
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1 Case

A 4-year-old boy (19 kg, 108 cm) was admitted with congestive heart failure and diagnosed
with dilated cardiomyopathy. Despite optimal treatment, his hemodynamic status worsened on
day 10, necessitating venoarterial extracorporeal membrane oxygenation (VA-ECMO) support.
A right-sided neck incision was made for cannula insertion into the common carotid artery and
jugular vein, with proximal ligation of the artery. He was simultaneously listed for emergency heart
transplantation. On day 16, sputum cultures tested positive for Acinetobacter baumannii, prompting
imipenem therapy, which resolved the infection four days later. On day 25, he underwent
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successful heart transplantation, followed by repair of arteries and veins after ECMO weaning. On
postoperative day 6, blood cultures were positive for Klebsiella pneumoniae, and linezolid was added
to treatment, resolving the infection nine days later. However, on day 49, the patient developed
persistent hoarseness with a rapidly enlarging neck lump (45 mm x 40 mm) (Fig. 1). Ultrasound
and CT angiography (CTA) confirmed a pseudoaneurysm (Figs. 2 and 3A; Videos S1 and S2).

Figure 2: Ultrasound examination reports. (A): Ultrasound examination revealed a low echogenicity area of
approximately 37 x 33 mm?, contiguous with the internal carotid artery, featuring an orificium fistulae with
a diameter of 4 mm. (B): Color Doppler Flow Imaging (CDFI) demonstrated a color flow jet entering from
the internal carotid artery, with visible red and blue turbulent flow signals within.
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Figure 3: (A): Presurgical CT contrast scan suggesting a common carotid artery pseudoaneurysm: 3-D
reconstruction coronal plane; (B): Arteriogram demonstrating a pseudoaneurysm of the right common
carotid artery; (C): Pathologic examination of the carotid pseudoaneurysm, mainly composed of thrombus
and fibrous components, accompanied by infiltration of inflammatory cells.

Emergency surgery was attempted to repair the artery. Initially, a guidewire was inserted via
the right femoral artery, followed by right common carotid artery angiography, which revealed
a large pseudoaneurysm of the right common carotid artery. The cerebral circle of Willis was
found to be intact, and no abnormalities were observed. Subsequently, a 6 F balloon was deployed
to completely occlude the aneurysm orifice, and angiographic findings indicated no blood flow
through the aneurysm or the right common carotid artery. A 2.5 cm horizontal incision was
then made along the original ECMO cannulation site in the neck, which revealed a fragile vessel
wall with significant bleeding. The balloon was withdrawn after occluding the superior and
inferior ends of the orifice, and the aneurysm wall was resected. Direct suturing and ligation were
performed at the superior and inferior ends. Subsequently, the vessel is completely isolated and
repaired. Digital subtraction angiography (DSA) assessment showed adequate collateral blood
supply, allowing successful direct suturing and closure of the artery. Postoperative pathology
confirmed the pseudoaneurysm diagnosis (Fig. 3C). The patient recovered well, with resolution of
hoarseness and no neurological complications. Monthly ultrasound surveillance over an 8-month
follow-up period revealed no detectable thrombi or adverse sequelae.

2 Discussion

Carotid artery pseudoaneurysms are exceedingly rare, with an incidence rate ranging from
0.026%o to 0.030%o [1]. In the early stages, inward expansion of the pseudoaneurysm may compress
the laryngeal nerve, hypoglossal nerve, or sympathetic trunk, thereby inducing cranial nerve and
peripheral nerve dysfunction [2,3], such as the hoarseness observed in the present case [4]. As
the mass enlarges further in the later stages, it may become palpable in the neck and is often
misdiagnosed as a cervical infection [5]. Premature incision or lack of intervention can easily lead to
rupture, posing a life-threatening risk. Therefore, due to its rarity and unpredictability, the natural
course of the disease is generally poor, with a stroke rate as high as 24% [6]. The most common cause
of pseudoaneurysm in children is infection, with other causes including anticoagulant therapy
and, less frequently, iatrogenic injuries [3,7,8]. In our case, the patient experienced a systemic
infection (Klebsiella pneumoniae positive in the blood) after surgery and surgical trauma to the
neck vessels. In addition, heparin was administered for anticoagulation during ECMO therapy,
and immunosuppressants (tacrolimus, mycophenolate mofetil) were used after transplantation.
These factors collectively contributed to the formation of a pseudoaneurysm.
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Asymptomatic carotid pseudoaneurysms can be managed conservatively with regular
follow-up. However, surgery is generally accepted as the treatment of choice for symptomatic
carotid pseudoaneurysms. There are some case reports in the literature describing the pathogenesis
and treatment of carotid pseudoaneurysm, including a review by Welleweerd et al. [9]. Although
similar reports have been published, carotid pseudoaneurysms after ECMO remain a rare
phenomenon in children. There has been controversy over the preferred surgical treatment of
pseudoaneurysms [7].

Several case reports of endovascular treatments have indeed demonstrated promising
outcomes [2]. However, in pediatric patients, particularly those of younger ages, the long-term
efficacy and safety of these treatments have not been fully validated, rendering them potentially
inappropriate [8]. In contrast, open surgery exhibits greater advantages in managing large
pseudoaneurysms caused by infections [10]. We have observed that poor vascular conditions
resulting from infections and secondary surgeries often elevate the risk of failure in repairing the
vascular wall [11,12]. In such instances, where repair surgery cannot be successfully performed,
carotid artery ligation is considered as an alternative approach. Furthermore, some medical
centers have attempted to use the great saphenous vein as a substitute for damaged arterial blood
vessels, although this method has not been extensively reported in pediatric patients [13]. Given
the complexity of the aneurysm and the intricate anatomy that rendered dissection challenging,
we opted for DSA-guided techniques primarily to mitigate the risk of aneurysm rupture and to
avoid cranial nerve paralysis [14]. The balloon occlusion facilitated by DSA effectively sealed the
aneurysm sac, enabling meticulous dissection. However, due to significant vascular wall damage
from puncture and infection, the aneurysm repair attempt failed. Consequently, leveraging the
balloon’s capacity to occlude the parent artery and supplying vessels, we safely performed ligation
of the parent artery of the aneurysm. The DSA balloon not only provides a clear surgical field
during the procedure but also ensures the smooth progression of surgery even in the event of
rupture. Even with simultaneous ligation and gradual balloon deflation, arterial bleeding was
effectively minimized. In the future, the availability of pediatric-appropriate balloons that can
achieve complete occlusion during ligation would further enhance the safety of such procedures.
Additionally, when the condition is relatively non-urgent, the DSA balloon facilitates the most
effective assessment of collateral circulation, thereby reducing surgical risks and enhancing success
rates. More importantly, the application of the DSA balloon offers surgeons more surgical options
and decision-making bases. If collateral circulation assessment reveals insufficient flow, the use
of artificial blood vessels to replace damaged arteries can be considered to effectively restore
cerebral blood supply. By doing so, we can not only ensure the safety and effectiveness of the
surgery but also improve treatment outcomes and prognosis for patients. Observing good collateral
blood supply on DSA, we ultimately decided to complete the pseudoaneurysm resection and
carotid artery ligation under balloon occlusion on DSA. The patient did not experience neurological
dysfunction postoperatively and recovered well. Typically, during ECMO, surgeons routinely ligate
vessels above the carotid artery catheterization site and perform vessel release and repair when
ECMO is withdrawn. However, there is ongoing debate about the necessity of repair [15].

Our case suggests that repair may not always be effective due to the fragility of the vessels,
which can still lead to aneurysm formation and potentially require further surgery. Ligation
or repair of the carotid artery in children with ECMO-associated infections requires further
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investigation through multicenter, large-cohort studies to identify the most suitable and safe
approach for pediatric patients.
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