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ABSTRACT

Introduction: To determine risk factors associ-
ated with postoperative cerebrospinal fluid leaks 
(CSFLs) after intrathecal drug delivery system 
(IDDS) and external pump implantation.
Methods: The clinical data of 248 patients with 
advanced cancer who underwent IDDS implan-
tation from January 2021 to December 2022 at 
the Department of Pain Medicine at the Hunan 
Cancer Hospital were retrospectively reviewed. 
Information regarding age, gender, height, 
weight, body mass index (BMI), tumour type, 
albumin levels, haemoglobin levels, history of 
diabetes and pre- and postoperative anti-tumour 
therapy was collected and analysed.
Results: Postoperative CSFLs occurred in 7 
of 231 patients (3.30%). Statistical analysis 

indicated that gender, age, height, weight, BMI, 
tumour type, albumin levels, haemoglobin lev-
els, history of diabetes, pre- and postoperative 
chemotherapy, pre- and postoperative radiother-
apy, preoperative immunotherapy and postop-
erative targeted therapy were not independent 
factors for CSFLs. Preoperative targeted therapy 
[odds ratio (OR): 16.64; 95% confidence inter-
val (CI): 1.42, 195.56; P = 0.01] and postopera-
tive immunotherapy (OR: 13.38; 95% CI: 1.60, 
111.65; P = 0.017) were factors associated with 
an increased postoperative CSFL rate. Of the 
two locations where CSFLs can occur, the back 
(puncture site of catheter, n = 4) and the hypo-
chondriac region (location of infusion port 
implanted, n = 3), back CSFLs occurred earlier 
than in the hypochondriac region (18.25 ± 6.45 
vs 115 ± 62.02 days, P = 0.032).
Conclusion: Based on the data from our study, 
the timing of preoperative targeted therapy and 
postoperative immunotherapy should be con-
sidered to prevent the occurrence of CSFLs in 
cancer pain patients who have an IDDS and 
external pump.
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Key Summary Points 

Postoperative cerebrospinal fluid leaks 
(CSFLs) are among the severe complications 
for patients who have had intrathecal drug-
delivery system (IDDS) with external pump 
implantation.

Determining the risk factors associated with 
CSFLs will reduce the incidence of this poten-
tially preventable complication.

Preoperative targeted therapy and postopera-
tive immunotherapy were associated with an 
increased postoperative CSFL rate in patients 
receiving IDDS and external pump implanta-
tion.

CSFLs occurred earlier at the catheter’s 
puncture site compared to the infusion port’s 
location.

INTRODUCTION
Cancer cases are predicted to reach 28.4 million 
by 2040 worldwide, a 47% increase from 2020 
[1]. However, there is an increasing survival 
rate due to modern cancer treatments. Pain is 
among the most common and difficult to con-
trol symptoms in cancer patients and is asso-
ciated with substantial healthcare costs. More 
than one-third of cancer patients suffer mod-
erate and severe pain during oncological treat-
ment and palliative care [1]. Most cancer pain 
can be managed following the three-step anal-
gesic ladder guideline, but 10–15% of patients 
with refractory cancer pain suffer considerably 
despite standardized drug treatment [2]. Severe 
pain can cause cancer patients to refuse follow-
up treatments and can cause symptoms such as 
anxiety and depression that significantly affect 
their prognosis and overall quality of life. There-
fore, satisfactory pain control is necessary for all 
patients with cancer pain.

Intrathecal therapy is an alternative to stand-
ard medical management for cancer patients 
with refractory pain [3]. Studies and reviews 
have shown that intrathecal drug-delivery 
systems (IDDS), as an invasive management 

strategy, can provide better analgesia while 
reducing the consumption of opioids and pos-
sible side effects [4, 5]. Intrathecal therapy deliv-
ers medication directly into the intrathecal space 
of the spinal column via an indwelling catheter 
connected to an implanted reservoir controlled 
by a programmable pump that can be implanted 
or attached externally (Fig. 1). This therapy has 
been widely utilized in patients with chronic 
pain and spasticity [6, 7].

Initially, IDDS was only recommended for 
patients with a life expectancy > 3 months 
because of the costs [8]. However, a recent study 
from the Cleveland Clinic has found intrathe-
cal patient-controlled analgesia (PCA) to be 
cost-effective and resulted in better patient sat-
isfaction [9]. Stearns et al. [10] suggest that IDDS 
with an external pump is the best and most cost-
effective choice for patients with a short life 
expectancy [11]. For several reasons, including 
economics, IDDS devices with external pumps 
are widely used in China.

The first intrathecal therapy with morphine 
for cancer pain analgesia was reported in 1979 
[12]. During the past 30 years, the complications 
of IDDS have been well studied. Complications 
include device failures, problems related to med-
ication administration, infection and catheter 
kinking and fracture [13, 14]. However, studies 
focusing on complications of IDDS with external 
pumps are limited.

The Pain Department at the Hunan Can-
cer Hospital has a large volume of patients 
whose pain is managed by IDDS with external 
pumps. One significant complication reported 
in patients who have had implanted IDDS 
with external pumps for an extended period is 
postoperative cerebrospinal fluid leaks (CSFLs). 
CSFLs can cause postural headaches and even 
life-threatening meningitis. Patients with CSFLs 
must undergo surgery to remove the implanted 
device to stop the CSFL, and the patients also 
lose the benefit of this type of pain control.

At this time, risk factors for developing CSFLs 
in patients with IDDS and external pumps are 
unknown. Currently, there are rare published 
reports of CSFL-related complications follow-
ing the implantation of intrathecal catheters 
and external pumps in cancer patients with 
pain. Based on our internal data, there were two 
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locations where CSFLs occur in patients with 
IDDS with external pumps. One site is located 
on the back of patients at the puncture site of 
the catheter. The other site is located in the 
hypochondriac region where the infusion port 
is implanted.

This study aims to determine the locations 
and how often CSFLs occur, emphasizing the 
risk factors associated with CSFLs after place-
ment of an IDDS and external pump. Further-
more, this study is intended to understand 
CSFLs better, hopefully allowing clinicians to 
reduce the incidence of this potentially prevent-
able complication.

METHODS

Study Design

The study is designed to determine poten-
tial risk factors for the development of post-
operative CSFLs after IDDS implantation and 

external pump use in patients with advanced 
cancer pain. This is a single-center retrospective 
observational study, and the study protocol was 
reviewed and approved by the Academic Com-
mittee of Hunan Cancer Hospital (2023 Scien-
tific Research Quick Review No. 59). As this is 
a retrospective study and most patients have 
passed away or lost contact, informed consent 
was exempted.

Participants

This study was a monocentric retrospective 
study performed at the Hunan Cancer Hospi-
tal. Data from patients who underwent IDDS 
implantation and external pump from January 
1, 2021, to December 31, 2022, were utilized. 
All patients were treated by the same team. All 
patients’ medical records and operative notes 
were reviewed in detail, and all patients were 
followed up for at least 3 months. Patients who 
did not use IDDS for pain relief or had incom-
plete data were excluded from the study set (17 
patients were excluded).

Fig. 1  A Intrathecal drug delivery system (IDDS) with an external pump; B IDDS with an internal drug infusion pump
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Surgical Procedure

A (SOPHYSA Soph-A-Port®-20210 Implantable 
access ports and accessories) needle was inserted 
into the subarachnoid space at the L2–L3 or 
L3–L4 level using a direct approach. A silicone 
catheter was inserted through the puncture 
needle, and a small incision was made next to 
the puncture site. An incision in the hypochon-
drium was made, and the subcutaneous tissue 
was locally expanded until the infusion port 
could be easily placed. A guide needle was then 
used to establish a subcutaneous tunnel between 
two incisions, and the silicone tube was guided 
to the rib incision and connected to the infu-
sion port. The two incisions were then sutured. 
Next, a 22G non-coring needle (BBraun Winged 
 Surecan®-04448383) was inserted through the 
skin into the infusion port, and the other end of 
the needle was connected to the external infu-
sion pump (REHN(M01) Ai-PCA®).

Variables

The following information about the patients 
was recorded: gender, age, height, weight, BMI, 
tumour type, albumin levels, haemoglobin 
levels, type of cancer, history of diabetes, pre-
operative chemotherapy, postoperative chem-
otherapy, preoperative radiotherapy, postopera-
tive radiotherapy, preoperative immunotherapy, 
postoperative immunotherapy, preoperative 
targeted therapy, and postoperative targeted 

therapy. Targeted therapy includes: epidermal 
growth factor receptor (EGFR)-Tyrosine kinase 
inhibitors (TKI) and/or Anti-vascular endothe-
lial growth factor (VEGF) inhibitors. Immuno-
therapy includes: programmed death-1 (PD-1), 
programmed death-ligand (PD-L1), and cyto-
toxic T lymphocyte associated proteins (CTLA)-
4. Diagnostic criterion for CSFLs was that clear 
fluid continued to flow from the dorsal incision 
or the puncture needle hole in the hypochon-
driac region (Fig. 2).

Statistical Analysis

Continuous data are described by mean ± stand-
ard deviation (SD), and categorical data are 
described by counts and percentage. As CSFLs 
rarely occurred, the categorical and continuous 
variables were compared between the subjects 
with and without CSFLs using a Fisher’s exact 
test and a Student’s t-test, respectively. Univari-
ate binary logistic regression analysis assessed 
the association between sociodemographic and 
clinical factors and CSFLs. The model catego-
rized BMI into three ranges: ≤ 18.4, 18.5–23.9, 
and ≥ 24. Albumin < 40 was classified as below 
normal. Haemoglobin < 120 for males and < 110 
for females was considered below normal. Inte-
grating relevant research findings, data-driven 
results and the perspectives of clinical expert 
teams, seven variables (BMI, albumin, diabetes, 
postoperative chemotherapy, preoperative tar-
geted therapy, postoperative targeted therapy, 

Fig. 2  A Delayed healing of back incision; B tunnel formed by silicone catheter for cerebrospinal fluid outflow; C cerebro-
spinal fluid flows out next to the puncture needle
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postoperative immunotherapy) were included 
in a multivariable Firth’s penalized-likelihood 
logistic regression model to explore independ-
ent factors affecting CSFLs. A Mann-Whitney U 
test was used to assess time differences between 
the occurrence of CSFLs in the hypochondrium 
and back. The statistical analyses were per-
formed using the SAS v.9.4 (SAS Institue Inc, 
Cary, NC, USA) and R software (version 4.1.2, R 
Foundation for Statistical Computing, Vienna, 
Austria). Significance tests were two-tailed, and 
P values < 0.05 were statistically significant.

RESULTS

A total of 248 advanced cancer patients under-
went IDDS implantation and were screened for 
inclusion in the study. Seven patients expe-
rienced CSFLs. Four patients were excluded 
because the IDDS implantation was not for 
pain relief; 13 patients were excluded because 
of missing data. None of the excluded patients 
experienced CSFLs. Ultimately, 231 patients 
were included in the analysis. The proportion 
of CSFLs was 3.30% overall. Table 1 summa-
rizes selected demographic and clinical charac-
teristics of the study patients. There were 109 
female patients and 122 male patients. The 
average patient age at the time of IDDS inser-
tion was 57.49 (57.49 ± 12.03) years old. The 
average patient BMI was 20.32 (20.32 ± 3.04) 
kg/m2, and they had an average height of 
161.81 (161.81 ± 7.33) cm. The average patient 
weight was 53.20 (53.20 ± 8.57) kg. The aver-
age laboratory values were albumin level 34.29 
(34.29 ± 4.43) g/l and haemoglobin level 104.25 
(104.25 ± 20.39) g/l. The three most common 
cancer types were lung, colorectal and gynae-
cological cancers, accounting for 31.6%, 12.6% 
and 12.1% of cases, respectively. Of the patients, 
9.1% (21) had a history of diabetes, 51.1% (118) 
had received preoperative chemotherapy, 11.3% 
(26) had received postoperative chemotherapy, 
33.3% (77) had received preoperative targeted 
therapy, 17.7% (41) had received postoperative 
targeted therapy, 23.4% (54) had received preop-
erative immunotherapy, 11.3% (26) had received 
postoperative immunotherapy, 16.9% (39) had 

received preoperative radiotherapy and 2.6% 
(6) had received postoperative radiotherapy. 
Patients who had postoperative chemotherapy, 
preoperative targeted therapy, postoperative tar-
geted therapy or postoperative immunotherapy 
had significantly more CSFLs compared to those 
patients who did not have any of these therapies 
(all P < 0.05) (Table 1).

As shown in Table 2, the univariate binary 
logistic regression suggested postoperative 
chemotherapy (OR: 6.55; 95% CI: 1.38, 31.13), 
preoperative targeted therapy (OR: 12.93; 95% 
CI: 1.53, 109.42), postoperative targeted therapy 
(OR: 6.74; 95% CI: 1.45, 31.37) and postopera-
tive immunotherapy (OR: 12.24; 95% CI: 2.57, 
58.28) were all positively associated with the 
risk of CSFLs. No association was found for BMI, 
albumin levels, haemoglobin levels, type of can-
cer, history of diabetes, preoperative chemother-
apy, preoperative immunotherapy, preoperative 
radiotherapy and postoperative radiotherapy 
(Table 2).

The factors were analysed in the multivari-
able logistic model. According to the clinical 
experience and previous studies, we added BMI, 
albumin and diabetes as new variables, which 
is highly relevant to wound healing in clinic 
[15–17]. Hence, we conducted a cross-sectional 
study to collect data and explore the factors 
influencing CFSL, without conducting repeated 
measurements. The results suggested patients 
with a history of preoperative targeted therapy 
(OR: 7.46; 95% CI: 1. 39, 71.77) or postoperative 
immunotherapy (OR: 9.23; 95% CI: 1.41,81.86) 
were more likely to develop postoperative CSFLs. 
These two factors were independent factors 
affecting CSFLs (Fig. 3).

Among patients with CSFLs, 42.90% (3/7) 
occurred in the hypochondriac region, and 
57.14% (4/7) occurred at the back incision. 
CSFLs at the back incision appeared earlier than 
those in the hypochondriac region (18.25 ± 6.45 
vs. 115 ± 62.02 days; P = 0.032) (Fig. 4).

DISCUSSION

Tumour progression and unrelieved refractory 
cancer pain affected patients’ physical and 
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Table 1  Distribution of sociodemographic and clinical characteristics among patients with and without cerebrospinal fluid 
leaks

Variables Total (n = 231) CSFL (n = 7) No CSFL (n = 224) P value*

Age (years, mean ± SD) 57.49 ± 12.03 47.86 ± 17.42 57.79 ± 11.75 0.183

Gender [n (%)] 0.451

 Male 122 (52.8) 5 (71.4) 117 (52.2)

 Female 109 (47.2) 2 (28.6) 107 (47.8)

 Height (cm, mean ± SD) 161.81 ± 7.33 162.43 ± 7.07 161.79 ± 7.35 0.822

 Weight (kg, mean ± SD) 53.20 ± 8.57 48.57 ± 8.16 53.34 ± 8.57 0.176

 BMI (kg/m2, mean ± SD) 20.32 ± 3.04 18.34 ± 2.23 20.39 ± 3.04 0.056

 Albumin (g/l, mean ± SD) 34.29 ± 4.43 37.48 ± 3.58 34.19 ± 4.42 0.051

 Haemoglobin (g/l, mean ± SD) 104.25 ± 20.39 111.71 ± 21.10 104.03 ± 20.37 0.377

Types of cancer [n  (%)] 0.979

 Lung cancer 73 (31.6) 3 (42.9) 70 (31.3)

 Colorectal cancer 29 (12.6) 1 (14.3) 28 (12.5)

 Gynaecological cancer 28 (12.1) 1 (14.3) 27 (12.1)

 Pancreatic cancer 21 (9.1) 0 (0.0) 21 (9.4)

 Liver cancer and cholangiocarcinoma 19 (8.2) 1 (14.3) 18 (8.0)

 Gastric and oesophageal cancer 16 (6.9) 0 (0.0) 16 (7.1)

 Other cancers 45 (19.5) 1 (14.3) 44 (19.6)

Diabetes [n  (%)]

 No 210 (90.9) 6 (85.7) 204 (91.1)

 Yes 21 (9.1) 1 (14.3) 20 (8.9) 0.492

Preoperative chemotherapy [n  (%)] 1.000

 No 113 (48.9) 3 (42.9) 110 (49.1)

 Yes 118 (51.1) 4 (57.1) 114 (50.9)

Postoperative chemotherapy [n  (%)] 0.033

 No 205 (88.7) 4 (57.1) 201 (89.7)

 Yes 26 (11.3) 3 (42.9) 23 (10.3)

Preoperative targeted therapy [n  (%)] 0.006

 No 154 (66.7) 1 (14.3) 153 (68.3)

 Yes 77 (33.3) 6 (85.7) 71 (31.7)

Postoperative targeted therapy [n  (%)] 0.020

 No 190 (82.3) 3 (42.9) 187 (83.5)
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psychological states, destroying their confidence 
in their overall treatment. Intrathecal therapy is 
widely used among complicated pain patients, 
especially those with cancer-related pain. IDDS 
delivers medications locally to the intrathecal 
space, which increases clinical success, decreases 
pain ratings, reduces medication doses and elim-
inates most pain medication-related toxicity. 
The use of IDDS has also been linked to a longer 
survival time in cancer patients [18–20].

The external pump linked to the IDDS offers 
a continuous medication infusion that provides 
better pain control. Additionally, this type of 
pump allows the patient to administer boluses of 
medication to themselves in response to break-
through pain while the pump delivers a baseline 
infusion. One of the most important benefits of 
this type of arrangement is that IDDS allows 
the administration of drugs that cannot be 
administered via any other route. This may also 
reduce the overall dose of opioids significantly 
[21]. However, IDDS also has its own complica-
tions, such as urinary retention and nausea and 

vomiting, which are common side effects and 
can be medically treated.

Prior studies have shown that common com-
plications of an IDDS and implanted pump 
include dislodgement, kinking or fracture of 
the catheter, bleeding, neurological injury, infec-
tion and CSFLs after the catheter is removed [19, 
22]. Catheter extraction from the intrathecal 
space often leaves a fistula that goes through 
the lumbodorsal fascia into the subcutane-
ous tissue. This is one of the leading causes of 
CSFLs in patients with IDDS and an implanted 
pump. However, few patients who have had 
IDDS implantation with an external pump have 
CSFLs. There have only been a few cases of a 
CSFL after IDDS implantation with an external 
pump in our department, but it is useful to iden-
tify any common risk factors. Once CSFLs occur, 
patients usually have to abandon intrathecal 
analgesia, which has been shown to be a useful 
treatment modality for many of our patients.

Our results demonstrated that 7 of the 231 
patients studied from January 1, 2021, to 

Table 1  continued

Variables Total (n = 231) CSFL (n = 7) No CSFL (n = 224) P value*

 Yes 41 (17.7) 4 (57.1) 37 (16.5)

Preoperative immunotherapy [n  (%)] 0.667

 No 177 (76.6) 5 (71.4) 172 (76.8)

 Yes 54 (23.4) 2 (28.6) 52 (23.2)

Postoperative immunotherapy [n  (%)] 0.004

 No 205 (88.7) 3 (42.9) 202 (90.2)

 Yes 26 (11.3) 4 (57.1) 22 (9.8)

Preoperative radiotherapy [n  (%)] 1.000

 No 192 (83.1) 6 (85.7) 186 (83.0)

 Yes 39 (16.9) 1 (14.3) 38 (17.0)

Postoperative radiotherapy [n  (%)] 0.170

 No 225 (97.4) 6 (85.7) 219 (97.8)
 Yes 6 (2.6) 1 (14.3) 5 (2.2)

*Categorical and continuous variables were compared between the subjects with and without cerebrospinal fluid leaks using 
a Fisher’s exact test and a t-test, respectively
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Table 2  Association between risk factors and cerebrospinal fluid leaks analysed by univariable binary logistic regression

Variables CSFL (n, %) No CSFL (n, %) OR (95% CI) P value

BMI (kg/m2)

  ≤ 18.4 4 (57.1) 69 (30.8) 2.34 (0.51, 10.75) 0.275

 18.5–23.9 3 (42.9) 121 (54.0) 1.0 (ref )

  ≥ 24.0 0 (0.0) 34 (15.2) 0.00 (0.00, -) 0.998

Albumin

 Normal 5 (71.4) 201 (89.7) 1.0 (ref )

 Below normal 2 (28.6) 23 (10.3) 3.50 (0.64, 19.05) 0.148

Haemoglobin

 Normal 2 (28.6) 67 (29.9) 1.0 (ref )

 Below normal 5 (71.4) 157 (70.1) 1.07 (0.20, 5.64) 0.939

Types of cancer

 Lung cancer 3 (42.9) 70 (31.3) 1.0 (ref )

 Colorectal cancer 1 (14.3) 28 (12.5) 0.83 (0.08, 8.36) 0.998

 Gynaecological cancer 1 (14.3) 27 (12.1) 0.86 (0.09, 8.67) 0.827

 Pancreatic cancer 0(0.0) 21(9.4) 0.00 (0.00, -) 0.901

 Liver cancer and cholangiocarcinoma 1(14.3) 18(8.0) 1.30(0.13, 13.21) 0.877

 Gastric and oesophageal cancer 0 (0.0) 16 (7.1) 0.00 (0.00, –) 0.999

 Other cancers 1 (14.3) 44 (19.6) 0.53 (0.05, 5.26) 0.588

Diabetes [n  (%)]

 No 6 (85.7) 204 (91.1) 1.0 (ref )

 Yes 1 (14.3) 20 (8.9) 1.70 (0.20, 14.83) 0.631

Preoperative chemotherapy [n  (%)]

 No 3 (42.9) 110 (49.1) 1.0 (ref )

 Yes 4 (57.1) 114 (50.9) 1.29 (0.28, 5.88) 0.745

Postoperative chemotherapy [n  (%)]

 No 4 (57.1) 201 (89.7) 1.0 (ref )

 Yes 3 (42.9) 23 (10.3) 6.55 (1.38, 31.13) 0.018

Preoperative targeted therapy [n  (%)]

 No 1 (14.3) 153 (68.3) 1.0 (ref )

 Yes 6 (85.7) 71 (31.7) 12.93 (1.53, 109.42) 0.019

Postoperative targeted therapy [n  (%)]

 No 3 (42.9) 187 (83.5) 1.0 (ref )
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Table 2  continued

Variables CSFL (n, %) No CSFL (n, %) OR (95% CI) P value

 Yes 4 (57.1) 37 (16.5) 6.74 (1.45, 31.37) 0.015

Preoperative immunotherapy [n  (%)]

 No 5 (71.4) 172 (76.8) 1.0 (ref )

 Yes 2 (28.6) 52 (23.2) 1.32 (0.25, 7.02) 0.742

Postoperative immunotherapy [n  (%)]

 No 3 (42.9) 202 (90.2) 1.0 (ref )

 Yes 4 (57.1) 22 (9.8) 12.24 (2.57, 58.28) 0.002

Preoperative radiotherapy [n  (%)]

 No 6 (85.7) 186 (83.0) 1.0 (ref )

 Yes 1 (14.3) 38 (17.0) 0.816 (0.10, 6.97) 0.852

Postoperative radiotherapy [n  (%)]

 No 6 (85.7) 219 (97.8) 1.0 (ref )
 Yes 1 (14.3) 5 (2.2) 7.30 (0.74, 72.46) 0.090

Haemoglobin < 120 for males and < 110 for females was considered below normal
*The model categorized BMI into three ranges: ≤ 18.4, 18.5–23.9 and ≥ 24. Albumin < 40 was classified as below normal

Fig. 3  Independent risk factors of CSFLs analysed by multivariable Firth’s penalized-likelihood logistic regression model
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December 31, 2022, had postoperative CSFLs. 
There were no statistically significant differences 
in the patients’ gender, age, height, weight, BMI, 
tumour type, albumin levels, haemoglobin levels 
or history of diabetes. It was also noted that pre- 
and postoperative chemotherapy, pre- and post-
operative radiotherapy, preoperative immuno-
therapy and postoperative targeted therapy were 
not independent factors for CSFLs. At the end of 
the analysis, only preoperative targeted therapy 
and postoperative immunotherapy were shown 
to be independent factors associated with an 
increased postoperative CSFL rate. In our study, 
target therapy in CSFL patients includes EGFR-
TKIs, like osimertinib, anlotinib and cetuximab; 
the most common anti-VEGF inhibitor is beva-
cizumab. Immunotherapies applied in CSFL 
patients are sintilimab (PD-1), navulizumab 
(PD-1), adebrelimab (PD-L1) and durvalumab 
(PD-L1). As most of our patients have advanced 
cancer, chemotherapy was standard treatment, 
and radiotherapy was usually palliative.

Bevacizumab is an anti-VEGF inhibitor, 
which has been widely applied in patients with 
advanced solid tumours. VEGF is expressed 
in almost all organs and plays a fundamental 
physiological role. Anti-angiogenesis agents 
that target the VEGF/VEGF receptor pathway 
have become an important part of standard 
therapy in the treatment of multiple cancers 

[23]. Activation of the HIF-1α/VEGF/VEGFR2 
pathway promotes wound healing by increasing 
angiogenesis, while reduced angiogenesis may 
result in delayed wound healing [24]. In a study 
of bevacizumab in the treatment of glioblastoma 
multiforme, delayed wound healing occurred in 
first- and (6.7%), second-line treatment (2.9%) 
and beyond [25]. Preoperative VEGF targeted 
therapy may have caused delayed healing of the 
dura mater and any incision, which could have 
led to the development of CSFLs. In contrast 
to preoperative targeted therapy, postoperative 
targeted therapy did not appear to be associ-
ated with an increased risk of CSFLs. This may 
because postoperative targeted therapy would 
not have a significant impact on tissue that had 
already healed.

This study also showed that postoperative 
immunotherapy is an associated risk factor for 
increased postoperative CSFLs. Wang et al. have 
showed that PD-L1 is dynamically expressed 
in  wound granulation tissue, and PD-L1 defi-
ciency leads to increased local inflammation 
and delayed wound healing. Therefore, applying 
PD-L1 inhibitor in cancer patients could affect 
wound healing [26]. PD-1/PD-L1 pathway is 
very important to tumour immune surveillance. 
PD-1/PD-L1 signalling also plays a critical role 
in the occurrence and development of inflam-
matory and immune diseases [27]. Further-
more, it probably enhanced local inflammation 
effects and attacked implants in our CSFL cases. 
However, the mechanism of immunotherapy 
related to increases in CSFLs still requires fur-
ther research.

Prior studies have noted that in endoscopic 
endonasal skull base surgery, the incidence of 
postoperative CSFLs ranges from 8.1 to 15.9% 
and has an increased incidence with elevated 
BMI [17, 28]. Increased BMI is also a risk fac-
tor for developing spontaneous CSFLs [29]. 
However, in our study, increased BMI was not 
associated with an increased incidence of CSFLs. 
One possible explanation is that few high BMI 
patients with advanced cancer require intrathe-
cal analgesia, and the sample size may have been 
too small.

In a study including 200 children who under-
went intrathecal baclofen pump implantation, 
the incidence of CSFLs was 11% [30]. In another 

Fig. 4  Distribution of discovery time in patients with 
CSFLs in back incision or hypochondrium
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study, the percentage of CSFLs was lower in 
the Ascender catheter group compared to the 
silicone catheter group (1.1% vs. 5.5%) [31]. 
Although the proportion of CSFLs in our study 
was low, there may ultimately be a benefit to 
using the Ascenda catheter rather than a silicone 
one.

This study demonstrated that there were two 
locations where CSFLs occurred, one located in 
the back at the point of the puncture site for 
the catheter and the other located in the hypo-
chondriac region where the infusion port was 
implanted. According to the data, the time of 
CSFLs at the catheter puncture site was earlier 
compared to the CSFLs that occurred in the 
hypochondriac region. We deduced the poten-
tial reason for these CSFLs differing by location 
and timing was related to the fact that, in the 
early stage of healing, cerebrospinal fluid may 
have flowed from the back incision, which could 
have worsened the healing of the incision. Even 
more significantly, the catheter was exposed. If 
the CSFL was small, the back incision could still 
heal. In the presence of an existing leak, cer-
ebrospinal fluid would flow along the catheter 
and pass through the lumbodorsal fascia into 
the subcutaneous tissue. CSF can flow out from 
the puncture site (Fig. 4). Hence, the amount of 
leakage might be the reason for the time differ-
ence between the two types of CSFLs.

Persistent CSFLs would not only disturb the 
dynamics of CSF circulation but could also lead 
to the occurrence of systemic positional head-
aches and dizziness and could further increase 
poor meningoencephalitis wound healing, 
even causing complications such as intracra-
nial haemorrhages [32, 33]. Conservative treat-
ment of CSFLs includes bed rest, increased fluid 
intake, simple analgesia and cephalexin [34]. 
Severe cases may require repositioning of the 
catheter, an epidural blood patch, purse-string 
sutures over the dura around the catheter [20] 
or even removal of the IDDS. Currently, based 
on our previous clinical experience, there was 
only one case of successful treatment of CSFLs 
without withdrawing IDDS. Preventing the 
occurrence of CSFLs is particularly important. 
From our study, we find preoperative target 
therapy and postoperative immunotherapy are 
risk factors associated with CSFLs after IDDS and 

external pump implantation. These data could 
aid physicians in developing treatment plans for 
those patients who have had preoperative target 
therapy and postoperative immunotherapy and 
are being considered for IDDS with an external 
pump. More research will ultimately be required 
to confirm whether our findings are supported 
and to aid in a search for possible mechanisms 
contributing to CSFLs.

This study was a single-centre retrospec-
tive study. To prevent the evolution of cancer 
therapy from effecting our outcomes, the study 
period was limited to 2 years. Therefore, the 
number of cases is relatively small. Large-sample 
multicentre studies may be required.

CONCLUSION

The results of this study suggest that preopera-
tive targeted therapy and postoperative immu-
notherapy were associated with an increased 
postoperative CSFL rate in patients receiving 
an IDDS and external pump implantation. 
Moreover, CSFLs occurred earlier at the cath-
eter’s puncture site compared to the infusion 
port’s location. Consequently, application of 
preoperative targeted therapy and postopera-
tive immunotherapy in cancer pain patients 
who have an IDDS and external pump should 
be considered.
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