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Abstract
Objective  The cause and mechanism of epilepsy after endoscopic third ventriculostomy (ETV) have still remained elusive. 
This single-center study aimed to explore and analyze the risk factors of post-operative seizure in pediatric patients with 
hydrocephalus undergoing ETV.
Methods  Data of pediatric patients with hydrocephalus who were treated with ETV from October 1, 2015, to November 
31, 2021, were retrospectively analyzed. Basic demographic characteristics, etiology of hydrocephalus, surgical details, 
and laboratory measurements were collected. An early postoperative seizure was defined as the occurrence of at least one 
clinical seizure within 24 h of ETV.
Results  A total of 50 participants were included in the study, of whom 5 (10.00%) cases were in postoperative epilepsy group 
and 45 (90.00%) cases were in non-epilepsy group. Epilepsy patients were younger than those without epilepsy, while no 
statistically significant difference was found (P = 0.0836). In the age subgroup, children with epilepsy were younger than 
2 years old. All patients with epilepsy received Ringer’s solution intraoperatively. The mean postoperative serum calcium 
and potassium concentrations were significantly lower in patients with epilepsy than in those without epilepsy (Pcalcium = 
0.0429; Ppotassium = 0.0250). Moreover, a faster decrease of serum potassium and calcium levels was found in children with 
epilepsy compared with those without epilepsy after ETV.
Conclusion  The decrease of serum calcium and potassium levels, younger age, and using Ringer’s solution as irrigation fluid 
were risk factors for epilepsy after ETV.

Keywords  Endoscopic third ventriculostomy · Epilepsy · Serum calcium and potassium levels · Young children · Irrigation 
fluid

Introduction

The prevalence of hydrocephalus in infants was reported to 
be 0.82–1.1 per 1000 live births [1, 2]. Etiology of hydro-
cephalus included aqueduct stenosis, suprasellar arachnoid 

cyst, hemorrhage (due to prematurity and other causes), 
cerebrospinal fluid (CSF), infections (meningitis/ventric-
ulitis/encephalitis), cancer (all types), dysraphism, and 
congenital malformation. Initial treatment of hydrocepha-
lus mainly included Ommaya reservoir placement, shunt 
placement, and endoscopic third ventriculostomy (ETV) 
(e.g., temporary external drains/serial lumbar punctures) 
[3]. For children with pure communicating hydrocephalus, 
the success rate was 60% in CSF shunting and 67% in ETV 
at the last visit [4]. For patients with non-communicating 
hydrocephalus, a meta-analysis reported that there was no 
significant difference in symptom improvement between 
ETV and ventriculoperitoneal shunting; however, ETV 
was associated with a lower incidence of major complica-
tions compared with ventriculoperitoneal shunting [5]. As 
an effective method for the treatment of hydrocephalus, 
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the safety of ETV has been verified in children; however, 
Bowes et al. identified 9 different complications related 
to neuroendoscopic surgery in 286 pediatric patients, 
including postoperative seizures (1.7%) [6]. Barkley et al. 
reported 60 (out of 81) cases with hydrocephalus who 
underwent ETV, in which early and late post-operative sei-
zures occurred in 6.7% and 8.3% of cases, respectively [7]. 
Another study found that 24% of hydrocephalus children 
who underwent ETV developed clinical seizures within 24 
h after surgery [8]. The cause and mechanism of epilepsy 
after ETV have still remained elusive. The present single-
center study aimed to explore and analyze the risk factors 
of post-operative seizure in pediatric patients with hydro-
cephalus undergoing ETV using patients’ clinical records.

Methods

Study design and participants

A retrospective study was performed on patients’ elec-
tronic medical records at a single medical institution, and 
the study protocol was approved by the Ethics Committee 
of Xuanwu Hospital Affiliated to Capital Medical Univer-
sity (Beijing, China). Pediatric patients’ data who were 
diagnosed with hydrocephalus and treated with ETV from 
October 1, 2015, to November 31, 2021, were retrospec-
tively reviewed. Data included the medical history, clini-
cal manifestations, physical examination results, imaging 
findings, surgical videos and records, pathological reports, 
and clinical notes. The inclusion criteria were as follows: 
(1) age < 18 years old; (2) hydrocephalus confirmed by 
neuroimaging; (3) without undergoing ventriculoperito-
neal shunting before ETV; (4) without undergoing ven-
triculoperitoneal shunting within 7-day post-ETV; (5) 
no history of seizure disorders; (6) undergoing at least 
4 months of follow-up after ETV. For patients with less 
than 4 months of documented follow-up, while more than 
4 months passed from the date of undergoing ETV, phone 
interview was implemented.

Data collection

Relevant data were extracted, including age, sex, body 
mass index (BMI), blood type, nationality, etiology of 
hydrocephalus, operation time, entry side, the type of irri-
gation fluid and endoscope used during surgery, laboratory 
measurements, and records of early postoperative seizures. 
Of note, an early postoperative seizure was defined as the 
occurrence of at least one clinical seizure within 24 h of 
ETV.

Laboratory measurements

Venous blood samples were collected within 12 h before 
undergoing laboratory measurements. Postoperative labo-
ratory measurements of venous blood samples, which were 
collected within 24 h after ETV or immediately collected 
after the onset of epilepsy, were also conducted. The col-
lection of blood samples was performed in the Central 
Laboratory of Xuanwu Hospital. Laboratory measure-
ments included the levels of calcium, phosphorus, chlo-
rine, sodium, potassium, albumin, and blood glucose.

Statistical analysis

Continuous variables were described as mean ± standard 
deviation (SD), and categorical variables were expressed 
as number and percentage. The Wilcoxon test was utilized 
for comparison of non-parametric variables, and the Fish-
er’s exact test was used for comparing categorical vari-
ables. Missing values in laboratory measurements were 
not included in the statistical analysis. A two-tailed P < 
0.05 was considered statistically significant. The statistical 
analysis and illustration of figures were carried out by R 
4.1.2 software (http://R-​proje​ct.​org/).

Results

In total, 50 participants were included in the study, of 
whom 5 (10.00%) cases were in postoperative epilepsy 
group and 45 (90.00%) cases were in non-epilepsy group. 
Besides, 31 (62.00%) cases were male and 19 (38.00%) 
cases were female. The participants’ mean age was 6.6 
years old. The most common etiologies of hydrocephalus 
were tumor-related obstructive hydrocephalus and mid-
brain aqueduct stenosis (Fig. 1).

Participants’ baseline characteristics are presented in 
Table 1. Cases in the epilepsy group were younger than 
those in the non-epilepsy group, while no significant dif-
ference was found (P = 0.0836). In the age subgroup, chil-
dren with epilepsy were younger than 2 years old (Fig. 4). 
All patients with epilepsy received Ringer’s solution 
intraoperatively, while 86.67% of cases without epilepsy 
received Ringer’s solution (Fig. 3).

The mean postoperative serum calcium and potas-
sium levels in the epilepsy group were significantly lower 
than those in the non-epilepsy group (Pcalcium = 0.0429; 
Ppotassium = 0.0250). Moreover, a faster decrease of serum 
potassium and calcium levels was found in children with 
epilepsy compared with those without epilepsy after ETV 
(Table 2, Fig. 2).
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Discussion

The cortical ETV entry site is 1 cm in front of the left/right 
coronal suture and 2.5–3 cm beside the midline, which is 
the non-eloquent area without important vessels. The sur-
gical procedures followed the protocol in the present study.

The serum calcium and potassium levels before and 
after surgery significantly differed with the occurrence of 

epilepsy (Table 2). Although the type of irrigation fluid 
and the occurrence of epilepsy could not be statistically 
analyzed, it was revealed that epilepsy occurred in chil-
dren irrigated with Ringer’s solution, while no seizure was 
found with injection of normal saline.

All children with epilepsy received Ringer’s solution as irri-
gation fluid intraoperatively (Fig. 3), which might be related 
to changing the concentrations of calcium and potassium ions 

Fig. 1   Etiology of hydrocepha-
lus

Table 1   Clinical features 
of patients with epilepsy 
undergoing ETV

Epilepsy (N = 5) No-epilepsy (N = 45) P

Age (month) 14.96 (± 3.77) 86.98 (± 80.36) 0.0836
Male n (%) 3 (60.00%) 28 (62.22%) 1.0000
BMI 17.61 (± 1.58) 19.64 (± 4.49) 0.3567
The Han nationality 4 (80.00%) 39 (86.67%) 0.5457
Operation timing 117.40 (± 10.50) 107.30 (± 49.54) 0.2130
Entry side (left) 3 (60.00%) 11 (24.44%) 0.1262
Blood type 0.3579
  A 2 (40.00%) 15 (33.33%)
  B 2 (40.00%) 16 (35.56%)
  AB 1 (20.00%) 2 (4.44%)
  O 0 (0.00%) 12 (26.67%)

Diagnosis 0.2871
  Post-haemorrhagic hydrocephalus 1 (20.00%) 3 (6.67%)
  Aqueduct stenosis 1 (20.00%) 10 (22.22%)
  Congenital posterior fossa malformation 1 (20.00%) 6 (13.33%)
  Dysraphism 1 (20.00%) 1 (2.22%)
  Post-infection hydrocephalus 0 (0.00%) 1 (2.22%)
  Tumor-related obstructive hydrocephalus 0 (0.00%) 13 (28.89%)
  Suprasellar arachnoid cyst 1 (20.00%) 7 (15.56%)
  Congenital malformation 0 (0.00%) 4 (8.89%)

Irrigation fluid -
  Ringer’s solution 5 (100.00%) 39 (86.67%)
  Normal saline 0 (0.00%) 6 (13.33%)

Endoscope 0.1380
  Rigid 3 (60.00%) 40 (88.89%)
  Flexible 2 (40.00%) 5 (11.11%)
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in CSF [9–11]. A previous study reported that Ca2+ level in 
CSF was higher in patients with neonatal-onset epilepsy [12], 
which was consistent with our finding. Another study demon-
strated that perfusion of the inferior horn in chronic awake cats 
with a high potassium level in CSF revealed that K+ increased 
epileptogenic excitability [13]. This result also supported our 

speculation that Ringer’s solution is a compound sodium chlo-
ride solution, containing potassium and calcium, and potas-
sium and calcium concentrations increased in CSF. Compared 
with older children, younger children may have insufficient 
calcium and potassium metabolism, and identification of these 
children is particularly important.

Table 2   Comparative analysis 
of serum electrolytes before and 
after surgery

Miss indicates the proportion (%) of patients with missing values
*p < 0.05

Epilepsy (N = 5) No-epilepsy (N = 45) P

Preoperative calcium 2.59 (± 0.14) 2.47 (± 0.18) 0.1603
  Miss 0 (0.00%) 1 (2.20%)

Postoperative calcium 2.19 (± 0.12) 2.35 (± 0.14) 0.0429*
  Miss 1 (20.00%) 11(24.40%)

Change of calcium −0.44 (± 0.12) 0.13 (± 0.17) 0.0049*
  Miss 2 (40.00%) 12 (26.70%)

Preoperative phosphorus 1.75 (± 0.38) 1.59 (± 0.29) 0.3903
  Miss 0 (0.00%) 1 (2.20%)

Postoperative phosphorus 1.40 (± 0.50) 1.35 (± 0.25) 0.7571
  Miss 1 (20.00%) 11 (24.40%)

Change of phosphorus −0.41 (± 0.19) −0.23 (± 0.27) 0.1863
  Miss 1 (20.00%) 12 (26.70%)

Preoperative albumin 45.67 (± 2.16) 43.68 (± 3.58) 0.2230
  Miss 0 (0.00%) 1 (2.20%)

Postoperative albumin 39.93 (± 2.38) 40.14 (± 4.43) 0.8601
  Miss 1 (20.00%) 13 (28.90%)

Change of albumin −6.52 (± 2.45) −2.85 (± 4.58) 0.0824
  Miss 1 (20.00%) 14 (31.10%)

Preoperative blood glucose 5.51 (± 0.85) 4.94 (± 0.75) 0.1653
  Miss 0 (0.00%) 1 (2.20%)

Postoperative blood glucose 11.70 (± 7.01) 5.48 (± 1.53) 0.0916
  Miss 1 (20.00%) 9 (20.00%)

Change of blood glucose 6.26 (± 7.36) 0.57 (± 1.43) 0.2029
  Miss 1 (20.00%) 10 (22.20%)

Preoperative sodium 136.90 (± 4.46) 139.00 (± 3.01) 0.2396
  Miss 0 (0.00%) 1 (2.20%)

Postoperative sodium 137.30 (± 6.63) 139.00 (± 2.85) 0.2979
  Miss 1 (20.00%) 8 (17.80%)

Change of sodium 0.35 (± 9.93) 0.24 (± 3.51) 0.8389
  Miss 1 (20.00%) 9 (20.00%)

Preoperative chlorine 102.40 (± 1.53) 102.60 (± 3.20) 0.7467
  Miss 1 (20.00%) 7 (15.60%)

Postoperative chlorine 96.25 (± 4.17) 102.20 (± 4.02) 0.0881
  Miss 3 (60.00%) 27 (60.00%)

Change of chlorine −2.90 (± -) 0.53 (± 5.02) 0.4747
  Miss 4 (80.00%) 29 (64.40%)

Preoperative potassium 4.47 (± 0.52) 4.37 (± 0.48) 0.6202
  Miss 0 (0.00%) 1 (2.20%)

Postoperative potassium 3.56 (± 0.38) 4.12 (± 0.44) 0.0250*
  Miss 1 (20.00%) 8 (17.80%)

Change of potassium −0.97 (± 0.67) −0.18 (± 0.54) 0.0288*
  Miss 1 (20.00%) 9 (20.00%)
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Our study showed that the changes in serum potassium 
and blood calcium levels were related to the occurrence of 
seizures. The possible mechanism was that surgery changes 
the permeability of blood-brain barrier (BBB), making some 
ions easier to pass through the BBB, and the imbalance of 
serum calcium and potassium levels leads to the imbalance 
of calcium and potassium levels in neurons, resulting in epi-
lepsy [14, 15]. In addition, intraoperative administration of 
irrigation fluid can change the ion concentration in CSF, 
because there is an increase in the permeability of BBB, 

making some ions more likely to pass through the BBB and 
may lead to epilepsy.

The incidence of immediate postoperative epilepsy in this 
group of cases was 10%; it was 8.3% in children younger 
than 1 years old, followed by 40% in children aging 1–2 
years old, and 22.7% in children younger than 2 years old 
(Fig. 4). Children younger than 2 years old in the present 
study were more likely to develop postoperative seizures 
and all received the Ringer’s solution. In particular, children 
who aged 1–2 years old had the highest rate of epilepsy, 

Fig. 2   The changes in laboratory measurements before and after sur-
gery in epileptic and non-epileptic participants. a The level of albu-
min (g/L); b the level of chlorine (mmol/L); c the level of calcium 

(mmol/L); d the level of phosphorus (mmol/L); e the level of blood 
glucose (mmol/L); f the level of potassium (mmol/L); g the level of 
sodium (mmol/L)

Fig. 3   Number of epileptic and 
non-epileptic participants in 
different irrigation fluid-based 
groups
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while children older than 2 years old did not have epilepsy. 
According to the literature, the incidence of epilepsy was 
higher in the youngest age-based group, with an estimate 
of 86 per 100,000 children per year in the first year of age, 
followed by a downward trend to about 23–31 per 100,000 
people who aged 30–59 years old. In children, the inci-
dence of epilepsy was the highest in the first year of life 
and declined to adults’ incidence at the age of 10 years old 
[16]. Another study reported that the incidence was mark-
edly higher in the first year of life, and structural/metabolic 
etiologies were more likely to present at this age than in 
older individuals, which might explain the higher incidence 
[17]. The present study also reflected this age-related sus-
ceptibility phenomenon.

Status epilepticus (SE) is an epileptic seizure that is suf-
ficiently prolonged or repeated at sufficiently brief intervals, 
so as to produce an enduring epileptic condition. SE may 
have long-term consequences, including neuronal injury or 
death and alteration of neuronal networks, depending on the 
type and duration of seizures [16]. In our study, 2 patients 
developed SE. Only strong sedative drugs can control the 
seizures. However, all patients showed frequent seizures 
within 6 h after surgery and seizures did not appear again 
after 24 h, which also indirectly reflected the promoting 
effect of the surgery itself on seizures, especially with the 
circulation of CSF, and irrigation fluid was partly removed 
from the CSF intraoperatively.

The outer diameter of the sheath of the rigid endoscope 
was 4 mm, while the outer diameter of the working channel 
of the flexible endoscope was 9 mm, which both slightly 
damaged to the cortex. The present study showed that the 
incidence of epilepsy caused by both a rigid endoscope and 
a flexible endoscope was not statistically significant.

In a child with no seizure after ETV, ventriculoperitoneal 
shunting was performed 3 weeks after the first surgery, and 

epilepsy occurred at 4 years of follow-up, which might be 
associated with shunt surgery, and a meta-analysis reported 
that the risk of acquiring seizures/epilepsy in shunted non-
infectious hydrocephalus children was 15.75 times higher 
than that in normal children [18]. A randomized controlled 
trial compared the anterior and posterior shunt entry sites, 
and found no significant difference in the incidence rate of 
new-onset epilepsy [19], which could be related to cortical 
injury and long-term stimulation of the shunt as a foreign 
body, indicating that cortical disruption or irritation from 
the shunt catheter itself may contribute to post-shunt seizure 
development. The child has been well-controlled by antie-
pileptic treatment.

Epileptic seizures are dangerous from a medical point 
of view, in which with increasing cerebral oxygen con-
sumption, intracranial pressure and trauma could be 
enhanced [20]. At present, there are several antiepileptic 
drugs (AEDs), while few of them can be used for infants. 
Levetiracetam was previously recommended as a perio-
perative prophylactic antiepileptic medication, and there 
are also some researches on the administration of leveti-
racetam for infants with epilepsy [21–23]. Levetiracetam 
possesses an excellent oral bioavailability and a very low-
protein binding, with unknown significant pharmacoki-
netic interactions. There is no hepatic metabolism; 66% is 
excreted in urine as constant form and the rest is hydro-
lyzed as inactive compounds. Therefore, it is not affected 
by other drugs and does not influence the functions of the 
liver and kidney. Levetiracetam is a broad-spectrum drug, 
which is effective against focal seizures, generalized tonic-
clonic seizures, and generalized myoclonic seizures. Lev-
etiracetam has demonstrated class I evidence of efficacy 
as an adjunctive therapy for refractory generalized myo-
clonic seizures, and is the only AED with FDA approval 
for treatment of such type of seizures [21, 24, 25]. It is 
recommended for young children receiving a loading dose 
of levetiracetam (20 mg/kg) at the start of surgery and 
a maintenance dose (10 mg/kg twice per 1 day) for the 
following 7 days [8]. In a previous study, a patient’s age 
was found as an influential factor of the success rate of 
ETV, and younger patients tended to undergo additional 
surgery after failure of ETV [4]. As the reduction of post-
operative serum potassium and calcium levels was found 
as a risk factor for epilepsy, the changes in serum calcium 
and serum potassium levels should be monitored before, 
during, and after surgery. For children with a downward 
trend of serum calcium and serum potassium levels, timely 
potassium and calcium supplementation during and after 
surgery may also reduce the incidence of epilepsy.

There are some limitations in the present study. Firstly, 
this was a retrospective study, and epilepsy was depended 
on documented seizures without routine postoperative detec-
tion using electroencephalogram. Secondly, due to the small 

Fig. 4   Number of epileptic and non-epileptic participants in different 
age-based groups
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sample size, the confounding factors were not excluded, which 
could limit the generalizability of our findings. Finally, no 
causal relationship between postoperative epilepsy and serum 
ion level was identified because the levels of potassium and 
calcium were not assessed before the epilepsy onset.

Conclusions

In summary, after analyzing several factors, it was revealed 
that the decrease of serum calcium and potassium levels, 
younger age, and using Ringer’s solution as irrigation 
fluid were risk factors for epilepsy after ETV. It is recom-
mended to apply normal saline as irrigation fluid for ETV 
of younger children, especially for children younger than 
2 years old, and the changes of electrolyte should also be 
monitored during and after surgery. For children with an 
obvious downward trend of serum calcium and potassium 
levels, calcium and potassium should be timely supple-
mented. Besides, the use of AEDs is recommended to avoid 
the risk of epilepsy.
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