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Abstract 

Background  In recent years, the development of robotic neurosurgery has brought many benefits to patients, 
but there are few studies on the occurrence of surgical site infection (SSI) after robot-assisted stereoelectroencepha-
lography (SEEG). The purpose of this study was to collect relevant data from robot-assisted SEEG over the past ten 
years and to analyze the influencing factors and economic burden of surgical site infection.

Methods  Basic and surgical information was collected for all patients who underwent robot-assisted SEEG from Jan-
uary 2014 to December 2023. Logistic regression was used to analyze the factors influencing SSI according to differ-
ent subgroups (radiofrequency thermocoagulation or epilepsy resection surgery).

Results  A total of 242 subjects were included in this study. The risk of SSI in the epilepsy resection surgery group 
(18.1%) was 3.5 times greater than that in the radiofrequency thermocoagulation group (5.1%) (OR 3.49, 95% CI 
1.39 to 9.05); this difference was statistically significant. SSI rates in the epilepsy resection surgery group were asso-
ciated with shorter surgical intervals (≤ 9 days) and higher BMI (≥ 23 kg/m2) (6.1 and 5.2 times greater than those 
in the control group, respectively). Hypertension and admission to the intensive care unit (ICU) were risk factors for SSI 
in the radiofrequency thermocoagulation group. Patients with SSIs had $21,231 more total hospital costs, a 7-day 
longer hospital stay, and an 8-day longer postoperative hospital stay than patients without SSI.

Conclusions  The incidence of SSI in patients undergoing epilepsy resection after stereoelectroencephalography 
was higher than that in patients undergoing radiofrequency thermocoagulation. For patients undergoing epilepsy 
resection surgery, prolonging the interval between stereoelectroencephalography and epilepsy resection surgery 
can reduce the risk of SSI; At the same time, for patients receiving radiofrequency thermocoagulation treatment, it 
is not recommended to enter the ICU for short-term observation if the condition permits.
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Introduction
Stereoelectroencephalogram (SEEG) [1] is a neurosurgi-
cal diagnostic technique for patients with drug-refractory 
focal epilepsy. When non-invasive preoperative evalu-
ation is inconsistent or the surgical resection margin is 
not clear, it is used to determine the seizure area. SEEG 
allows electrodes to be implanted deep into the brain 
through small percutaneous drilling without the need for 
craniotomy. The position of the electrodes and the path 
through the brain are planned preoperatively based on 
the working hypothesis of the epileptogenic zone (EZ) 
location [2]. In general, SEEG can better research ana-
tomic-electricityclinical seizures, epileptogenic zone in 
order to assist doctors better clear scop and achieving 
accurate epilepsy resection or SEEG-guided radiofre-
quency thermocoagulation (RF-TC) [3]. One of the most 
common indications for RF-TC involves the need for 
SEEG to determine whether surgery is feasible. RF-TC 
may be sufficient to cure patients when the epileptic sei-
zure area is small enough to be completely covered by the 
sum of the coagulation volume [4].

Since the first robot-assisted SEEG surgery was suc-
cessfully performed [5, 6], robotic surgery has been 
proven to be an efficient and safe technique that not only 
greatly reduces the duration of surgery and anesthesia 
but also has high accuracy [7]. Although robot-assisted 
SEEG surgery has provided many benefits in neurosur-
gery, surgical site infection (SSI) is still a difficult prob-
lem in nosocomial infection that needs to be considered. 
According to the literature, the incidence of SSI dur-
ing neurosurgery fluctuates between 1 and 20% [8–10], 
which seriously increases the medical costs and family 
burdens of patients [11].

As various centers accumulate experience with robot-
assisted SEEG monitoring, the goal of minimizing SSI, 
such as postoperative intracranial infections, moves to 
the forefront. However, studies on SSI after SEEG-guided 
RF-TC or epilepsy resection surgery are rare. There-
fore, the main purpose of this report was to collect data 
on robot-assisted SEEG surgery over the past ten years 
and analyze the current status of SSI and its influencing 
factors. The secondary endpoint was to determine the 
increased financial burden associated with SSIs.

Materials and methods
Materials
We reviewed all patients who underwent robot-assisted 
SEEG in neurosurgery between January 1, 2014 to 
December 31, 2023, a total of 242 patients in a tertiary 
hospital in Beijing. Twenty-six of them suffered from 
SSI. All patients were divided into two groups according 
to the different epilepsy treatment techniques used (RF-
TC or epilepsy resection surgery). The RF-TC group and 

the epilepsy resection surgery group were named group 1 
and group 2, respectively. This study was approved by the 
Medical Ethics Committee (NO:S2019-142–02).

Inclusion criteria SEEG
The inclusion criteria for individuals were as follows: (1) 
were diagnosed with drug-resistant epilepsy (the patient 
has failed to achieve sustained seizure freedom despite 
adequate trials of two tolerated and appropriately chosen 
and used antiepileptic drugs schedules[12]); (2) under-
went robot-assisted SEEG; (3) underwent RF-TC or epi-
lepsy resection surgery; and (4) had complete case data.

Exclusion criteria
The exclusion criteria for patients were as follows: (1) 
underwent conventional frame SEEG surgery; (2) had 
electrodes removed after SEEG without RF-TC or epi-
lepsy resection surgery; and (3) had incomplete data.

Diagnostic criteria for SSI
We defined SSIs within 90 days of surgery as intracranial 
infections according to the Centers for Disease Control 
and Prevention criteria[13]. The infections involved in 
this study are all intracranial infections. The diagnosis 
must meet the following criteria (1) and (2), and may 
comply with (3) or (4): (1) Patient has at least two of the 
following signs or symptoms: headache, dizziness, fever 
(> 38.0℃), localizing neurologic signs, changing level of 
consciousness, or confusion; (2) have increased white 
cells, elevated protein, and decreased glucose in cerebro-
spinal fluid; (3) have at least one of purulent drainage 
from the organ/space detected by gross anatomical exam 
or histopathologic exam or imaging test evidence defini-
tive or equivocal for infection; (4) Patient has organism(s) 
identified from brain tissue or dura by a culture or non-
culture based microbiologic testing method.

Methods
The "real-time surgical site infection surveillance mode 
(SSISM)" was used to collect case information from 
patients with SSIs during robot-assisted SEEG surgery 
during the research period. Early warning and monitor-
ing strategies for SSI in SSISM include postoperative 
body temperature, positive microbiological tests, and the 
increased use of antibiotics. These strategies can not only 
provide real-time warnings for all SSIs during hospitali-
zation but also provide early warning signs for patients 
with suspected infections who are readmitted within 
30 days after surgery. After the SSI warning information 
is generated, it will be directly pushed to infection con-
trol professionals and clinicians, and the SSI database will 
be generated after infection control professionals and cli-
nicians jointly confirm the information[14].
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RF‑TC
RF-TC was performed after more than three habitual 
seizures were recorded. Before commencing the thermo-
coagulation process, a small electrical current is applied 
through the needle to ensure accurate positioning and 
avoid damage to surrounding tissues. Once the correct 
position is confirmed, radiofrequency energy is delivered 
through the needle, gradually increasing the temperature 
to the desired level. This thermal effect causes coagula-
tion and denaturation of the nerve tissue, disrupting pain 
signals or abnormal neural activity[15].

Statistical analysis
For bivariate analyses, we used the Pearson χ2 test for 
categorical variables and the Wilcoxon and Mann‒Whit-
ney tests for nonparametric distributions. To identify 
independent risk factors for robot-assisted SEEG surgery 
SSI, we included variables found to be statistically signifi-
cant in the crude analysis (P < 0.05) in the logistic regres-
sion model to estimate the odds ratios (ORs) and 95% 
confidence intervals (CIs) or p values. Subgroup analy-
sis was performed according to the logistic regression 
model results. In the subgroup analysis, the optimal cut-
off values of continuous variables were obtained by using 
restricted cubic bar plots, and patients were divided 
into high-risk and low-risk groups according to the cut-
off values. A logistic regression model was subsequently 
used to determine whether the SSI distributions differed 
between the low-risk and high-risk groups. Two-sided p 
values less than 0.05 were considered significant. All the 
statistical analyses were performed using R version 4.3.2.

Results
A total of 242 epilepsy patients who underwent robot-
assisted SEEG were included. Three cases were excluded, 
including 2 cases of conventional framework SEEG sur-
gery, and 1 case could not receive follow-up treatment 
( RT-TC or resection) due to infection after electrode 
implantation and monitoring failure of epileptic area. 
The median age of the patients was 22.5  years (range: 
1–54), and the majority of patients were male (174, 
71.9%). Approximately 10.7% of the included patients had 
hypertension. The median duration of surgery was 2.08 h 
(range: 1.58–2.67). Among the 242 patients, 84 had a 
rosa robot, and 158 had a remobot (34.7% vs. 65.3%, 
respectively). Among those included, 105 patients under-
went epilepsy resection surgery, while 137 patients were 
treated with RF-TC.

Prevalence of SSIs and influencing factors
In our study, 26 of 242 (10.74%) patients experienced SSI. 
All 26 SSIs were intracranial infections. A comparison of 

the prevalence and distribution of SSIs among patients 
between 2014 and 2023 is presented in Table  1. A total 
of 19 of the 105 patients (18.1%) who underwent epilepsy 
resection surgery had SSIs, whereas 7 of the 137 patients 
(5.1%) who underwent RF-TC had SSIs (P < 0.05). More-
over, there were no significant differences in terms of 
median age at surgery, length of hospital stay before sur-
gery or robot type.

A multivariate logistic regression model revealed that 
SSI was related to epilepsy treatment technique, BMI 
and higher NNIS risk index score. Epilepsy treatment 
technique is an important variable, and the incidence of 
SSI in the epilepsy resection surgery group was 3.5 times 
greater than that in the RF-TC group (OR 3.49, 95% CI 
1.39 to 9.05).

Factors influencing SSI in different patient subgroups
The forest plot in Fig.  1 shows that epilepsy treatment 
technique is an important variable affecting the inci-
dence of SSI. Therefore, we performed subgroup analyses 
according to epilepsy treatment technique.

Variables affecting infected patients with RF-TC are 
listed in Table 2. No significant difference in the number 
of electrodes implanted was observed between patients 
with and without SSI, while the median operation time 
varied significantly between the two groups; the SSI 
group had a longer operation time (2.58 (1.83, 2.92) hours 
vs. 1.78 (1.4, 2.35) hours, p = 0.03). Univariate analysis of 
risk factors revealed that hypertension, blood loss, opera-
tion time, surgical doctor status and longer ICU stays 
were significantly associated with SSI. Furthermore, the 
multivariate analysis shown in Table 2 revealed that the 
independent risk factors for SSI following RF-TC were 
hypertension and admission to the ICU. The median 
ICU stay for RF-TC patients was 1 day, with the majority 
remaining 1 day and one patient staying 15 days due to 
intracranial infection with lower respiratory tract infec-
tion and bacteremia (Table 3).

Univariate analysis of the epilepsy resection surgery 
group revealed statistically significant differences in 
BMI and the interval between the two surgeries between 
infected and uninfected patients. In Fig.  2, we used 
restricted cubic splines to flexibly model and visualize 
the relationships of the predicted BMI and surgical inter-
val with SSI. SSI was nonlinearly related to BMI, with a 
stepwise increase in the risk of SSI occurring when the 
BMI was greater than 23 kg/m2. The RCSs of the SSIs and 
surgical intervals showed that the risk of SSIs increased 
gradually before the 6th day and decreased gradually 
after the 6th day. The hazard ratio (HR) was 1 at 9 days, 
which indicated that a duration less than or equal to 
9  days was a risk factor for SSI, and a duration greater 
than 9 days was a protective factor against SSI. Therefore, 
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we divided patients into high-risk and low-risk groups 
based on BMI = 23  kg/m2 and surgery interval = 9  days, 
respectively, and simultaneously included multivariate 
logistic regression for risk factor analysis; both variables 

were statistically significant. A high BMI and operative 
time less than or equal to 9  days were risk factors for 
SSI in the epilepsy resection surgery group. When the 

Table 1  The comparison of variables of 242 patients with or without SSIs

SSI, surgical site infection; CI, confidence interval; IQR, interquartile rangeAbbreviations; BMI, body mass index;

NNIS, National Nosocomial Infections Surveillance; ICU, Intensive Care Unit; RF-TC, Radiofrequency Thermocoagulation

Characteristic ALL patients (N = 242) Patients without SSI (N = 216) Patients with SSI (N = 26) Z value P value

Age at surgery (IQR) 23 (12, 32) 21 (12, 31) 25.5 (18, 35) − 1.83 0.067

Age (%) 4.17 0.041
  ≤ 18 yr 101 (41.7) 95 (94.1) 6 (5.9)

   > 18 yr 141 (58.3) 121 (85.8) 20 (14.2)

Gender (%) 3.95 0.047
  Male 174 (71.9) 151 (86.8) 23 (13.2)

  Female 68 (28.1) 65 (95.6) 3 (4.4)

BMI(kg/m2) (IQR) 22.17 (19.18, 25.82) 21.78 (18.85, 25.50) 25.13 (22.79, 27.17) − 3.07 0.002
Hypertension (%) 4.62 0.044
  No 216 (89.3) 196 (90.7) 20 (9.3)

  Yes 26 (10.7) 20 (76.9) 6 (23.1)

Length of hospital stay before surgery 
(IQR)

10 (7, 14) 10 (7, 14) 11 (7, 14) − 0.08 0.937

Robot type (%) 3.01 0.083

  Rosa 84 (34.7) 71 (84.5) 13 (15.5)

  Remrobot 158 (65.3) 145 (91.8) 13 (8.2)

NNIS Risk Index (%) 8.67 0.003
  0 186 (76.9) 172 (92.5) 14 (7.5)

  1 56 (23.1) 44 (78.6) 12 (21.4)

Number of electrodes(IQR) 8 (6, 10) 8 (6, 10) 7 (5, 8) − 2.87 0.004
Admission to the ICU (%) 10.45 0.001
  No 137 (56.6) 130 (94.9) 7 (5.1)

  Yes 105 (43.4) 86 (81.9) 19 (18.1)

Epilepsy treatment techniques (%) 10.45 0.001
RF-TC 137 (56.6) 130 (94.9) 7 (5.1)

Epilepsy Resection Surgery 105 (43.4) 86 (81.9) 19 (18.1)

Variables

Reference

1.25

Epilepsy Treatment Techniques

RF−TC

Epilepsy Resection Surgery

BMI

NNIS Risk Index

0

1

B

0.14

Reference

0.97

0.01

P−vaule

0.006

0.033

3.49 ( 1.34,9.05 )

1.15 ( 1.04,1.26

OR ( 95%CI )

)

2.65 ( 1.08,6.48 )

0 1 2 3 4 5 6 7 8 9 10
Fig. 1  Forest plot illustrating the results of multivariate analysis for risk factors of SSI
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Table 2  Results of univariate analysis in different subgroups

P values <0.05 in bold indicate that the difference between infected and uninfected patients is statistically significant
* The difference between infected patients and uninfected patients was statistically significant (P Vaule < 0.05); #, There was no bleeding in the whole process of RF-TC, 
only one case had local adhesion after thermocoagulation, and a small amount of bleeding occurred during the removal of the electrode; NA, not applicable

Characteristic RF-TC (Group 1) Epilepsy Resection Surgery (Group 2)

Patients without SSI Patients with SSI Patients without SSI Patients with SSI

Age (%)

  ≤ 18 yr 71 (97.3) 2 (2.7) 24 (85.7) 4 (14.3)

  > 18 yr 59 (92.2) 5 (7.8) 62 (80.5) 15 (19.5)

Gender (%)

 Male 82 (92.1) 7 (7.9) 69 (81.2) 16 (18.8)

 Female 48 (100.0) 0 (0.0) 17 (85.0) 3 (15.0)

BMI(kg/m2) (IQR) 21.45 (18.32,25.54) 24.49 (20.98,28.08) 22.28 (19.18, 25.52) 25.35 (23.44, 26.81*

Hypertension (%)

 No 120 (96.8) 4 (3.2)* 76 (82.6) 16 (17.4)

 Yes 10 (76.9) 3 (23.1) 10 (76.9) 3 (23.1)

Length of hospital stay before surgery@(IQR) 10 (7, 13.25) 11 (7, 15) 12 (8, 15) 11 (7, 14)

Operation time@(hour) (IQR) 0.45 (0.31, 0.65) 0.49 (0.33, 0.70) 4.67 (4, 5.565) 4.96 (4.17, 6.0025)

Number of electrodes (IQR) 9.5 (8, 11) 10 (7, 10) 6 (5, 8) 6 (5, 7)

Blood loss(ml) (IQR) 0# 0# 200 (100, 300) 200 (150, 300)

NNIS Risk Index (%)

 0 111 (95.7) 5 (4.3) 61 (87.1) 9 (12.9)

 1 19 (90.5) 2 (9.5) 25 (71.4) 10 (28.6)

Surgery Doctor(IQR)

 Doctor A 21 (80.8) 5 (19.2)* 22 (71.0) 9 (29.0)

 Doctor B 100 (98.0) 2 (2.0) 7 (100.0) 0 (0.0)

 Doctor C NA NA 33 (84.6) 6 (15.4)

 Other Doctor 9 (100.0) 0 (0.0) 24 (85.7) 4 (14.3)

Admission to the ICU (%)

 No 118 (96.7) 4 (3.3)* 12 (80.0) 3 (20.0)

 Yes 12 (80.0) 3 (20.0) 74 (82.2) 16 (17.8)

The interval between two procedures@(day)(IQR) NA NA 9.5 (6, 12.25) 7 (6, 9)*

Table 3  Results of multivariate analysis in different subgroups

The numbers in bold (P <0.05) indicate that the variable was significant in the multivariate analysis

CI, confidence interval

Different Groups B SE Wald P Vaule OR Vaule 95%CI

Lower Upper

Group 1 Intercept − 4.13 0.73 31.93  < 0.001 0.01

Hypertension

 No Reference

 Yes 2.67 0.97 7.59 0.006 14.49 2.16 97.15

Admission to the ICU

 No Reference

 Yes 2.49 0.97 6.65 0.01 12.02 1.82 79.64

Group 2 Intercept − 3.39 1.85 3.38 0.066 0.03

BMI

 ≤ 23 kg/m2 Reference

  > 23 kg/m2 1.64 0.63 6.92 0.009 5.17 1.52 17.60

Surgery Interval

  > 9 days Reference

  ≤ 9 days 1.81 0.69 6.96 0.008 6.10 1.59 23.33
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surgery interval was ≤ 9 days, the risk of SSI increased by 
6 times (OR = 6.10, 95% CI 1.59 to 23.33).

Economic burden of SSI
Table  4 shows the different hospitalization costs and 
total costs. Patients with SSIs had substantially greater 
total median costs ($21,231) (IQR: 17,666–24,877) than 
did those without SSIs ($17,033) (IQR: 13,982–20,692). 
There was an additional $4,198 in costs for the infection 
group compared to the noninfection group (p = 0.001). 
These costs were largely driven by medication costs in 
the infection group.

The overall cost of the infection group increased (1.2 
times greater than that of the noninfection group), and 
when stratified into different project costs, the cost 
of medicine increased the most, followed by the cost 
of other treatments and laboratory tests (5.7, 4.0 and 

3.0 times greater than that of the noninfection group, 
respectively).

Compared with surgical patients without SSI, patients 
with SSI had an increased overall hospital stay of 7 days 
and an increased postoperative hospital stay of 8 days.

Discussion
SSI can occur after robot-assisted SEEG mainly because 
patients underwent epilepsy resection surgery or 
RF-TC. SSI after electrode placement is rare (0.4%, 
1/243), and the reported incidence in the literature is 
0.0% ~ 0.8% [16, 17], which is consistent with the find-
ings of this study.In our study, the risk of SSI after epi-
lepsy resection surgery (18.1%) was 3.5 times greater 
than that after RF-TC (5.1%). The SSI rate after epilepsy 
resection surgery was 18.1%, and the infection rate 
reported by other scholars was 9.6% [18]. The infec-
tion rate during epilepsy resection surgery in this study 

Fig. 2  Restricted cubic splines for SSI according to BMI and surgery interval

Table 4  Economic burden of SSI

P values <0.05 in bold indicate that the difference between infected and uninfected patients is statistically significant

Variables All Patients (N = 242) Z value P value

Patients without SSI (N = 216) Patients with SSI (N = 26)

Total Costs($) (IQR) 17,033 (13,982, 20,692) 21,231 (17,666, 24,877) − 3.36 0.001
Bed Fee($) (IQR) 213 (160, 280) 294 (254, 404) − 4.50  < 0.001
Radiation Fee($) (IQR) 40 (31, 84) 48 (41, 80) − 1.71 0.088

Nursing Fee($) (IQR) 78 (52, 119) 149 (113, 180) − 4.64  < 0.001
Laboratory Fee($) (IQR) 310 (211, 561) 932 (605, 1329) − 6.08  < 0.001
Surgical Fee($) (IQR) 13,695 (11,635, 15,498) 13,051 (11,976, 15,673) − 0.04 0.966

Special examination Fee($) (IQR) 615 (354, 1043) 656 (466, 908) − 0.66 0.507

Medication Fee($) (IQR) 663 (272, 1999) 3,763 (2,560, 5,241) − 6.53  < 0.001
Diagnostic Fee($) (IQR) 336 (238, 434) 476 (378, 644) − 4.34  < 0.001
Therapy Fee($) (IQR) 262 (159, 864) 1,045 (832, 1,475) − 5.35  < 0.001
Other expenses($) (IQR) 29 (19, 45) 37 (27, 62) − 2.32 0.02
Days of hospitalization (day)(IQR) 26 (19, 33) 33 (27, 40) − 3.64  < 0.001
Postoperative length of hospital stay(day)
(IQR)

13 (9, 19) 21 (19, 28) − 5.48  < 0.001
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was high, mainly because all patients underwent robot-
assisted SEEG before craniotomy, and the literature 
research results showed that the risk of SSI in patients 
undergoing EEG monitoring before resection surgery 
(9.6% vs 2.4%) increased fourfold (OR 4.32, 95% CI 2.1 
to 8.9; p < 0.001)[18]. SEEG destroys the integrity of the 
scalp barrier and easy to cause bacterial reproduction 
or colonization. Moreover, our study revealed that the 
risk of SSI increased by 6 times when the operation 
interval between SEEG and epilepsy resection surgery 
was ≤ 9  days. A shorter operation interval is not con-
ducive to the recovery of patient immunity. Therefore, 
prolonging the surgical interval between two surgeries 
can effectively reduce the incidence of SSI during epi-
lepsy resection surgery.

The SSI rate in patients who underwent SEEG-guided 
RF-TC was 5.1%. This result was similar to that of a 
study in which 199 patients were eligible for analysis and 
8 (4.0%) developed SSIs [19]. The risk of SSI in the epi-
lepsy resection group was 3.5 times greater than that in 
the RF-TC group. When surgical resection is not supe-
rior to RF ablation for improving epilepsy symptoms or 
when seizures are nonfocal or multifocal, RF-TC is rec-
ommended as the preferred treatment so that patients 
can at least avoid unnecessary craniotomy[20, 21]. Inter-
estingly, in our study, we found that the number of elec-
trodes implanted was significantly lower in the epilepsy 
resection surgery group than in the RF-TC group. We 
used restricted cubic bar plots to analyze the relation-
ship between the number of implanted electrodes and 
the choice of epilepsy resection surgery (the figure in 
the supplementary information) and found that when 
the number of electrodes was less than 8, it was easier 
to choose epilepsy resection surgery. In summary, when 
the number of electrodes implanted is low, the chance 
of resection is greater. However, when we increase the 
number of electrode implantations to 8 or more, whether 
it will expand probability of cure of RF-TC avoiding the 
resection requires further study. Meanwhile, the increas-
ing cost of surgery caused by the increase in the number 
of electrodes still needs our attention.

A higher BMI (especially when the BMI is greater than 
23  kg/m2) in the epilepsy resection surgery group was 
associated with the incidence of SSI, consistent with what 
has been shown in the literature [22]. However, no asso-
ciation was found between BMI and SSI in the SEEG-
guided RF-TC group. We found that the median age of 
patients in the epilepsy resection surgery group (median 
age 25  years, range 18–32  years) was older than that of 
patients in the RF-TC group (median age 16 years, range 
9–31  years); moreover, both groups were adults, indi-
cating that BMI may be related only to SSI during adult 

epilepsy resection surgery and that its correlation with 
SSI in children needs further study.

Comorbid illnesses could predispose patients to SSI 
acquisition [23]. Our study revealed that hypertension 
was found in 23.1% of the patients with SSIs. In accord-
ance with these findings, a study in Saudi Arabia showed 
that 62.5% of patients with SSIs had hypertension [24]. 
However, it is worth noting that hypertension was an 
influencing factor of SSI in only the SEEG-guided RF-TC 
group and was not related to SSI after epilepsy resection 
surgery.

A preoperative stay in an intensive care unit (ICU) is 
associated with an increased risk of SSI. Patients in ICUs 
are twice as likely to face SSI than are those in general 
wards [25]. We observed that SSIs occurred in 20% of the 
RF-TC patients admitted to ICUs, and the median length 
of stay in the ICUs was 1 day. Patients admitted to ICUs 
are susceptible to infection due to their low immune sta-
tus and various invasive procedures. In addition, more 
bacteria in the ICU environment are more likely to cause 
cross-infection between patients.

Thus, to reduce the incidence of SSI, patients receiv-
ing SEEG-guided RF-TC should focus on patients with 
chronic diseases such as hypertension. If the patient’s 
condition permits, it is not recommended that she enter 
the ICU after surgery.

We also found that the SSI rate of SEEG-guided RF-TC 
according to single factor analysis was related to the sur-
geon (doctor A, 19.2%; doctor B, 2%), but there was no 
significant difference in multiple factors. This may be due 
to the small sample size of our study. It is suggested that 
the analysis be carried out again when more cases are 
accumulated in the later stage.

SSIs account for more than A$323.5 million in health 
care costs in Australia each year [26]. In our study, the 
total hospitalization cost of infected patients increased by 
$4198, of which the three costs associated with the great-
est increase were drug costs, treatment costs and labo-
ratory examination costs, and there was no significant 
increase in surgery, radiation or other costs. This work 
demonstrated that infection is related to substantially 
increased costs to the healthcare system compared to 
those who did not develop an infection. Compared with 
SSI-free patients, SSI patients had longer hospital stays 
(7 to 8 days), which is consistent with the findings of an 
Australian Public Hospital study of 16,541 SSIs (8  days, 
95% CI 7.9–8.1) [26] and indirectly increased additional 
medical expenses.

It is worth noting that this study has the following 
limitations. First, the number of patients included is 
limited and is conducted in a single center. Therefore, in 
order to draw a clear conclusion on the universality of 
the data, it is necessary to carry out a larger multicenter 
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study. Second, this study did not follow up all patients 
and may have lost some SSI patients. However, studies 
have shown that the effective rate of our hospital infec-
tion real-time monitoring system for monitoring SSI 
in neurosurgery is 93.02% [14]. Third, compared with 
robot surgery, traditional stereotactic surgery has posi-
tioning blind spots, which is rarely performed after the 
introduction of robots, resulting in a small sample size. 
Therefore, this paper does not compare traditional ste-
reotactic SEEG with robot-based SEEG surgery. Fourth, 
the treatment effect of epilepsy was not followed up and 
the related factors of surgical technique were not studied, 
which was suggested to be increased in future studies. 
Fifth, because the indications of RF-TC are different from 
those of resection, the comparison of SSI may have cer-
tain limitations.

Conclusion
The risk of SSI in the epilepsy resection group was 3.5 
times greater than that in the RF-TC group. To reduce 
the incidence of SSI during resection surgery for epilepsy, 
the operation interval can be extended to more than 
9  days. The SSI rate in patients who underwent SEEG-
guided RF-TC was 5.1%, and the occurrence of infec-
tion was related to the patient’s hypertension and entry 
into the ICU. It is not recommended that patients enter 
the ICUs for short-term observation after surgery if the 
patient’s condition permits. SSI increased the total cost of 
hospitalization by $4,198 and was associated with longer 
hospital stays than patients without SSI.
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