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Abstract

The aim of this study was to investigate the safety and feasibility of common carotid artery sympathetic nerve network
stripping (CCASNS) combined with implanted vagus nerve stimulation (iVNS) for seizure control in children with
cerebral palsy with refractory epilepsy. We reviewed the medical records of children with cerebral palsy with drug-
refractory epilepsy treated at the Fifth Affiliated Hospital of Zhengzhou University from September 2015 to June 2019.
The children were divided into two groups according to whether they received CCASNS or not. The clinical data and
the efficacy of the procedure were analyzed statistically in both patient groups. The operative time and hospital costs
differed significantly between the two groups. The score on the Modified Ashworth Scale in the combined group differed
significantly from those in the preoperative and iVNS groups, and seizure control was better in the combined group
than in the iVNS group. The quality-of-life score was also higher in the combined group than in the iVNS group.
CCASNS combined with iVNS is safe, feasible, and effective in children with cerebral palsy with drug-refractory

epilepsy. The combined operation provides better seizure control and a higher quality of life than does iVNS alone.
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Introduction

Reported prevalence of epilepsy in children with cerebral palsy is about 25% to 45%, and about half of them eventually develop
drug-refractory epilepsy, which leads to a poor prognosis [1-3]. Epilepsy is therefore one of the most common and serious
complications in children with cerebral palsy [1]. With each seizure, the brain damage is further aggravated, jeopardizing the
cognitive, memory and motor functions of the child with cerebral palsy, which then affects the rehabilitation of the child with
cerebral palsy, bringing a huge burden to the society and family, especially the mother of the child, and affecting the quality of life
[4]. Therefore, an important basis for successful rehabilitation of children with cerebral palsy with drug-refractory epilepsy is early

and complete seizure control, which has important implications for the long-term prognosis of the child.

Common carotid artery sympathetic nerve network stripping (CCASNS) has been reported to improve muscle tone, orientation,
and motor function in children with cerebral palsy, and also help to improve salivary symptoms, swallowing, and cognitive function
[5]. Implanted vagus nerve stimulation (iVNS) is a novel and effective adjunctive treatment for medically refractory epilepsy that
can reduce the frequency and severity of seizures, improve cognitive function, and enhance the quality of life [6,7]. However, there
are few reports on the combined application of these two procedures in the treatment of children with cerebral palsy with drug-
refractory epilepsy that affect seizures. The aim of this study was to investigate the safety and feasibility of CCASNS combined with

iVNS for seizure control in children with cerebral palsy with refractory epilepsy.
Methods
Study population

We retrospectively analyzed 142 cerebral palsy patients with drug-refractory epilepsy who were treated at the Fifth Affiliated
Hospital of Zhengzhou University from September 2015 to June 2019. The combined group comprised 39 patients who received
iVNS plus CCASNS, while the iVNS group comprised 42 patients who refused to undergo CCASNS and so only received iVNS
treatment. The following inclusion criteria were applied: (1) disease conforming with previously defined diagnostic criteria [8],
(2) aged 6-18 years, (3) presence of drug-resistant epilepsy and the taking of more than two kinds of antiepileptic drugs (AEDs)
and standardized treatments for >2 years associated with a failure to effectively control seizures [9], (4) and consent provided
by the child and their family prior to surgery. The exclusion criteria were as follows: (1) MRI results showing that the epilepsy
was caused by an intracranial occupying lesion, (2) inoperable cervical vagus nerve injury or local skin breakdown, or (3) other

systemic diseases or other contraindications to surgery. This study was approved by the hospital medical ethics committee.
Surgical procedure

All procedures were primarily performed by the same surgeon. For those who received both CCASNS and iVNS [7], after successful
tracheal intubation under general anesthesia, the patient was placed in a supine position with pads under the shoulders and the
head tilted back. Both sides of the neck incision were located inside the middle and lower one-third of the sternocleidomastoid
muscle. The surgeon incised the skin, the broad cervical muscle, and the anterior cervical fascia on the left side of the neck, separated
the sternocleidomastoid muscle medially to the carotid sheath, opened and excised part of the sheath, and then circumscribed
the outer membrane of the common carotid artery with the aid of a microscope over a circumference of about 3 cm. The same
procedure was performed on the right side. Immediately after separating the vagus nerve between the common carotid artery and
the jugular vein, the connective tissue around the vagus nerve trunk and the posterior sheath of the carotid sheath were removed,
and the vagus nerve was carefully separated with a 3-cm length being exposed. After achieving complete hemostasis, the surgeon
wrapped a spiral electrode around the vagus nerve on the left side of the neck, and then made a 7- to 10-cm-long transverse incision
in the left subclavian chest wall to accommodate the pulse generator. A subcutaneous wire was threaded through the subclavian

chest wall to connect the electrode lead to the pulse generator for stimulating the vagus nerve. The incision was closed in a layer-
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D Excision of the connective tissue around the vagus trunk and part of the posterior wall of the

sheath of the carotid artery

G A 7-10 em transverse incision was made in the left subclavian chest wall to accommodate the

pulse generator

Figure 1: Surgical procedure
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by-layer manner after the vital signs had returned to normal. During the operation, extreme care was taken to avoid damaging
tissues such as the vessel wall, the recurrent laryngeal nerve, or the cervical sympathetic nerve stem, and to reduce the probability
of complications such as vessel rupture, choking on drinking water, or Horner’s syndrome (Figure 1). The vagus nerve stimulator

was turned on at 2 weeks after surgery, with the output current adjusted according to the efficacy and tolerance level in each child.
Rehabilitation exercises

Postoperative rehabilitation was performed using a combination of motor training, occupational therapy, speech and swallowing
training, and physical-factor therapy to promote the achievement of normal motor function. Professional doctors and rehabilitators

provided one-on-one guidance and assistance to the children.
Preoperative assessment content

Themeasured parametersincluded generaldemographics,liver function (totalbilirubinand albumin),andblood coagulation function
(platelets and prothrombin time) during the week before surgery, and also the score on the Modified Ashworth Scale (MAS) [10].
Informationrecordedinthesubjects’ preoperativeepilepsydiaries (e.g., seizurefrequency, seizureintensity,seizure form,and AED use)

were used as baseline indicators,and PEDSQL™ questionnaire scores (edition4.0) [11,12] [5,6] were measured in the two study groups.
Surgical and short-term outcomes

Theprimaryclinicaldataincludedanesthesiatime,bleeding,complications,andmeanlengthofthehospitalstay. Theshort-termoutcome
wasassessed at 3 months postoperatively, which included (1) the MAS score to evaluate limb tone; (2) the modified Engel classification
to assess the frequency, seizure form, and seizure intensity of postoperative seizures, with grades I-III considered to indicate that the

treatment had been effective, as well as evaluations of efficacy and safety; (3) and the PEDSQL"™ score for evaluating the quality of life.
Statistical analyses

Continuous variables are presented as mean+SD values, and categorical variables are expressed as numbers and proportions.
Continuous data were compared between groups using t tests or U tests. Differences in categorical data were analyzed using the
x° test or Fisher’s exact test. All statistical analyses were performed at a two-sided level of significance of 0.05, and P < 0.05 was

considered indicative of a statistically significant difference. All analyses were carried out using SPSS for Windows (version 26.0).
Results

Preoperative patient characteristics
There were no statistically significant differences between the two study groups in terms of age, sex, liver function, coagulation

status, muscle tone, types of AEDs taken, seizure frequency, or PEDSQL™ score (Table 1).

Combined VNS group
Parameter T or x> Value | p-Value
group (n=39) (n=42)
Age (mean * SD) 11.64+2.61 12.12+3.37 0.798 0.427
Sex, M/F 16/13 27115 0.597 0.440
Total bilirubin, umol/L (mean + SD) 8.18+2.89 8.46+2.89 0.428 0.67
Albumin,g/L, mean + SD) 40.89+3.42 40.38+3.64 0.66 0.511
Prothrombin time, s (mean + SD) 10.41+0.69 10.39+0.71 0.141 0.888
Platelets, *10~9/L (mean + SD) 186.95+56.97 195.95+52.64 0.764 0.447
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Combined VNS group
Parameter T or x> Value | p-Value
group (n=39) (n=42)

MAS 2.025 0.846

Level 0 0 1

Level 1 4

Level 1+ 5

Level 2 10 13

Level 3 12 13

Level 4 9 8
AEDs, n (mean + SD) 3.03+0.99 2.83+0.87 0.913 0.364
Seizure Frequency (mean + SD) 13.56+3.102 14.21+£3.496 0.883 0.38
PEDSQL™ Questionnaire Score (mean + SD) 47.46+5.13 45.95+5.34 1.296 0.199

Table 1: Distribution of baseline characteristics within the two group

Operative and postoperative outcomes

The mean anesthesia time and hospitalization cost differed significantly between the two groups (P < 0.05), whereas the mean

length of the hospital stay, intraoperative bleeding status, and complications did not (P > 0.05) (Table 2).

Combined VNS group
Parameter T or x2 Value | p-Value
group (n=39) (n=42)
Duration of surgery, min 224.36+15.29 165.81+12.58 18.643 0
Postoperative hospital days, n 6.33+£1.85 6.57+1.82 0.582 0.562
Bleeding volume, ml 45.26+13.81 39.76x£12.25 1.898 0.061
Hospitalization costs 15.35%0.63 13.1£1.40 9.524 0
Postoperative complications, n 3 (7.7%) 4(9.5%) 0.086 0.769
Table 2: Clinical data of two groups
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Figure 2: Outcomes of MAS, seizure control, and quality of life after surgery

Muscle tone

Limb spasticity had improved significantly in the combined group at 3 months postoperatively compared with preoperatively
(P=0.016) (Figure 2A). No significant change in limb spasticity was observed in patients in the iVNS group between the

postoperative and preoperative periods.
Epileptic seizures
The types of AEDs in the two groups after surgery did not change significantly compared with the preoperative period.

At 3 months postoperatively there was an improvement in epilepsy according to the modified Engel classification
(Figure 2B) in 61.5% of patients in the combined group and in 40.5% of those in the iVNS group (P=0.047).
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Quality of life

The quality of life improved significantly postoperatively in both groups compared with the preopera-
tive period. The PEDSQL™ score was significantly better in the combined group than in the iVNS group
(P=0.017, Figure 2C).

Discussion

There have been rapid developments recently in cervical sympathectomy procedures. The ongoing research and associated
improvements in understanding are constantly changing its application scope. Early sympathectomy procedures were first used
for the treatment of epilepsy, and Australian surgeons Royle and Hunter were the first to apply sympathectomy for the treatment
of spastic paralysis [13]. CCASNS has mainly been used for treating Moyamoya disease and cerebral palsy. This procedure has
reportedly been carried out in several cerebral palsy treatment centers (e.g., the China-Japan Friendship Hospital in China) for
more than 20 years to treat patients with cerebral palsy, and good results have been achieved [14]. Neurostimulation is considered
a safe and effective method for treating refractory epilepsy. Current neurostimulation treatments include iVNS, trigeminal nerve
stimulation, repetitive transcranial magnetic stimulation, and deep brain stimulation [15,16]. The US FDA approved the use of iVNS
for the treatment of refractory epilepsy in 1997, and clinical studies have shown that it is a safe and effective adjunctive treatment for
refractory epilepsy [17]. There have only been a few reports on CCASNS combined with iVNS being applied to children with cerebral

palsy with drug-refractory epilepsy, and so we investigated the safety and efficacy of the combined procedure in this population.

In terms of surgical safety, this study found showed that the surgical time was significantly longer in the combined group than in the
iVNS group. This is mainly due to the increased number of surgical steps required in the combined group, and the close proximity
of structures such as the common carotid artery, vagus nerve, jugular vein, and recurrent laryngeal nerve, and the narrow operating
space, which requires extreme caution when stripping the sympathetic nerve network around the common carotid artery to prevent
serious complications from injury to the carotid artery and its surrounding nerves. However, the number of postoperative hospital
days, bleeding status, and postoperative complications did not differ significantly between the two groups in this study. Moreover,
CCASNS plus iVNS can be completed during a single perioperative period, with the combined procedure requiring as little as
one additional surgical incision in the right neck compared with iVNS alone. Two cases of hoarseness and one case of sensory
abnormality occurred in the combined group after surgery, while one case of hoarseness, two cases of sensory abnormality, and one
case of pharyngeal discomfort occurred in the iVNS group. There was no significant difference in the probability of complications,
and all complications were transient, with them gradually disappearing over 3-7 days postoperatively. No serious surgery-related
adverse effects such as incisional infection, bleeding in the operative area, or carotid artery rupture were observed in either group
during the perioperative or postoperative observation periods. Both CCASNS and iVNS are minimally invasive treatments and
are associated with less surgical trauma, less bleeding, and a very low probability of postoperative complications. Compared with
iVNS, the combined procedure was not associated with any significant difference in bleeding, postoperative complications, or

mean length of the postoperative hospital stay, which indicates that CCASNS plus iVNS is a safe and feasible treatment modality.

We found that the MAS score was significantly better in the combined group than in the iVNS group at the postoperative
assessment, and better than that at the preoperative assessment. This indicates that the patients in the combined group exhibited a
significant improvement in body muscle tone after surgery compared with the preoperative period, with the improvement being
more pronounced than that in the iVNS group. In contrast, patients in the iVNS group showed no significant change in the MAS
score and no significant improvement in muscle tone compared with the preoperative period. These findings suggest that stripping
of the sympathetic network around the common carotid artery helps to improve muscle function and motor deficits in children
with cerebral palsy with drug-refractory epilepsy. This is consistent with Shao et al. [14] and Xu et al. [18] finding that pericervical

sympathetic nerve network stripping helps to improve muscle tone in children with cerebral palsy.
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Before surgery, there was no significant difference between the two groups in either the types of oral AEDs taken or the intensity
and frequency of seizures. Our analysis of the effect on epilepsy control based on the modified Engel classification revealed that the
combined group was superior to the iVNS group at 3 months postoperatively. A possible reason for this is that the children in the
combined group underwent CCASNS. There has been little research into the effects of CCASNS on seizures. Lee et al. suggested
that surgical excision of the sympathetic nerve network around the cerebral vessels—aimed at inhibiting sympathetic activity—
helps to improve cerebral ischemia and increase blood circulation to the brain, thereby allowing some nerve cells in a critical state
to recover function to varying degrees [19,20], and also improving the response of the brain to vagal stimulation. That mechanism

might at least partially explain why patients treated with the combination of the two procedures experience a greater benefit.

The present investigation of the effects of CCASNS and iVNS on the quality of life of children with cerebral palsy with drug-
refractory epilepsy revealed that the PEDSQL™ scores of patients in both groups were significantly higher than before the surgery,
and clearly higher in the combined group than in the iVNS group. This suggests that CCASNS combined with iVNS will induce in
a greater improvement in the quality of life of affected patients. This is consistent with previous findings, such as those of Solman et
al. [21] and Shao et al. [14]. Although the combined procedure costs more, it provides better postoperative seizure control, greater

improvement in limb tone, higher quality of life, and more benefit to the children and their families.

This retrospective study suggests that CCASNS combined with iVNS is effective, safe, and feasible in children with cerebral palsy

with drug-refractory epilepsy, and is more effective than iVNS alone in controlling their seizures.

Our study had several limitations. First, it had a retrospective and observational design, and the data collected on seizures, limb
tone, and quality of life of the children relied on recall by the patients or their caregivers, and hence might have been influenced
by information and selection biases. Second, the study was performed at a single center, resulting in a small and potentially
unrepresentative sample, also with a short follow-up period. Third, some of the measures used were subjective, and so more

objective measures need to be used in future studies.
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