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Efficacy and Safety of Lumboperitoneal Shunt in the Treatment of All-Cause
Communicating Hydrocephalus: Analysis of Risk Factors of Shunt Failure

Tong Sun’, Xuepei L, Qiuming Zhang', Yicheng Zhou', Junwen Guan'

OBJECTIVE: To analyze the outcomes of use of a lum-
boperitoneal shunt (LPS) to treat all-cause communicating
hydrocephalus (ACCH).

METHODS: We analyzed the outcomes of adult patients
with ACCH treated with an LPS between June 2015 and June
2018, using Keifer's hydrocephalus score (KHS), postoperative
symptom improvement score (SIS), and the Evans index for 5
days after surgery. All patients were followed up to assess
long-term outcomes and quality of life. Based on the follow-
up data in shunt successful (SS) patients and shunt failure
(SF) patients, multivariate analysis with binary logistic
regression was used to identify risk factors for LPS failure.

RESULTS: A total of 71 eligible patients were included in
this study. The KHS (mean, 8.31 + 4.80 vs. 3.65 = 3.08;
P < 0.001) and Evans index (mean, 0.35 + 0.05 vs. 0.28
+ 0.05; P < 0.001) were significantly improved following
LPS. However, the overall incidence of complications was
40.8%. According to follow-up data, 18 patients (25.4%)
failed; the most common reason for failure was catheter
obstruction. The majority of patients obtain good prognosis
with low level of RBCs counts in CSF (P = 0.039) and
postoperative Evans index (P = 0.046) were statistically
different between SS and SF group. The multivariate
analysis identified elevated RBC count in CSF as a
dependent risk factor for LPS failure (odds ratio, 24.111;
95% confidence interval, 2.611—222.629; P = 0.005).

CONCLUSIONS: Our findings indicate that LPS may be a
promising option for the treatment of ACCH.

INTRODUCTION

ommunicating hydrocephalus, one of the most common
diseases treated by neurosurgeons, is a disorder of cere-

brospinal fluid (CSF) circulation with radiographic find-
ings of ventricular dilatation in the absence of intraventricular
obstruction occurring secondary to various intracranial diseases or
idiopathically.”® Currently, surgical CSF diversion with a ven-
triculoperitoneal shunt (VPS), lumboperitoneal shunt (LPS), or
ventriculoarterial shunt (VAS) is the standard method for treating
communicating hydrocephalus.*” VPS has long been used as
first-line treatment, whereas the application of VAS is limited
owing to a high rate of severe complications after surgery.®
LPS, an important supplement to VPS, has attracted increasing
research interest recently owing to several potential advantages
over VPS, including no need to access ventricular cavities, avoid-
ance of brain injury, and a lower risk of postoperative infection.”*°
LPS has proven effective in treating idiopathic normal-pressure
hydrocephalus and is now the most frequently performed surgi-
cal treatment for this disorder in Japan." However, to the best of
our knowledge, the efficacy and safety of using LPS to treat
secondary communicating hydrocephalus, such as
communicating hydrocephalus occurring secondary to traumatic
brain injury and intracranial hemorrhage, remains controversial.
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Abbreviations and Acronyms
ACCH: All-cause communicating hydrocephalus
Cl: Confidence interval

CSF: Cerebrospinal fluid

ELD: External lumbar drainage
GOS: Glasgow Qutcome Scale
ICH: Intracranial hemorrhage
IKHS: Keifer's hydrocephalus score
LPS: Lumboperitoneal shunt

0R: Odds ratio

SF: Shunt failure

SIS: Symptom improvement score
SS: Shunt successful

TT: Tap test

VAS: Ventriculoarterial shunt
VPS: Ventriculoperitoneal shunt
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LUMBOPERITONEAL SHUNT TO TREAT ALL-CAUSE COMMUNICATING HYDROCEPHALUS

In the present study, we analyzed patients with ACCH treated by LPS
in our department between June 2015 and June 2018 to determine the
long-term outcomes of LPS in the treatment of all-cause communi-
cating hydrocephalus (ACCH). Baseline characteristics, preoperative
clinical features, symptomatic and imageologic improvement, and
postoperative complications following shunt implantation were syn-
chronously investigated. All patients were followed up after shunt
implantation to assess outcomes and quality of life, including shunt
failure rate and modified Rankin scale (mRS) score. At follow-up, risk
factors for LPS failure were identified through comparison of shunt-
successful (SS) patients and shunt-failed (SF) patients and multivar-
iate analysis using binary logistic regression.

MATERIALS AND METHODS

Study Design

We retrospectively analyzed patients with communicating hydro-
cephalus treated by LPS between June 2015 and June 2018 in our
department. Patients age <18 years, those with severe disorders of
consciousness disorders before shunt implantation (Glasgow
Coma Scale [GCS] score <g), and those lost to follow-up were
excluded from our study. Shunt catheters with programmable
pressure valve were obtained from Sophysa (Orsay, France).
Written informed consent was obtained from all participants.

Perioperative Conditions

Patient information, including age, sex, etiology, time from onset
to operation, time from operation to follow-up, and previous
shunt history, was obtained from the medical record. Preoperative
clinical features, including clinical manifestation, GCS score,
Evans index, and CSF parameters, were synchronously investi-
gated. To determine improvement of symptoms and ventricles, we
considered Keifer's hydrocephalus score (KHS),” symptomatic
improvement score (SIS), and the Evans index at the time of
admission and again at 5 days after surgery. KHS is determined
on a scale of 1—5 in 5 areas: gait disturbance, mental disorder,
urinary incontinence, headache, and vertigo. The 5 scores are
summed; the lower the score, the better the improvement. The
SIS score, ranging from o to 10, evaluates symptoms according
to patients’ self-assessment of symptomatic improvement, with
higher score indicating better improvement (0o—2, poor; 3—s,
satisfactory; 6—8, good; 9—r10, excellent). We also investigated
postoperative complications and hospital length of stay.

Postoperative Follow-Up

All patients were followed up by telephone interview, outpatient visits,
or letter to investigate long-term shunt outcomes, including shunt
success or failure, Glasgow Outcome Scale (GOS), and mRS. In Ac-
cording to previous study,””* shunt failure was defined as the
occurrence of clinical or radiologic signs or symptoms of shunt
obstruction, infection, or malfunction requiring shunt revision after
LPS, or hydrocephalus-associated death. Shunt success was defined as
the absence of shunt failure or good control of hydrocephalus without
revision.

Analysis of Risk Factors
According to the results of follow-up, we divided the patients into
2 groups, shunt successful (SS) and shunt failure (SF). We

Table 1. Baseline Characteristics of Patients Treated by LPS

Characteristic Total
Number of patients 7
Age (years), mean 4 SD 52.26 + 15.88
Sex, n (%)
Male 52 (73.2)
Female 19 (26.8)
Etiology, n (%)
Posttraumatic 30 (42.3)
Hemorrhagic 31 (43.7)
Infectious 2 (2.8)
Idiopathic 8(11.2)
Time from onset to operation (days), median (range) 28 (2—730)
History of previous shunt, n (%)

Yes 10 (10.8)
No 83 (89.2)
Time from operation to follow-up (months), mean 4+ SD 16.82 + 11.99

LPS, lumboperitoneal shunt.

compared the SS and SF groups in terms of age, sex, etiology,
previous shunt history, duration of follow-up, symptoms, duration
of symptoms, GCS score, Evans index, CSF glucose, CSF chlorine,
CSF nucleated cells, CSF RBCs, hospital length of stay, and
postoperative complications. We then used binary logistic
regression analysis focusing on these variables to identify the risk
factors for LPS failure.

Statistical Analysis

All data were analyzed using SPSS version 19 (IBM, Armonk, New
York, USA). The Kolmogorov—Smirnov test was first used to
determine the normality of quantitative data. Continuous data
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Figure 1. Postoperative improvement in symptoms and imaging
features. *P < 0.001.
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Table 2. Postoperative Recovery Following LPS Use ‘

Table 3. Outcomes at Follow-Up

Parameter Value Outcome Value
SIS (%), median (range) 7 (0-10) Time from operation to follow-up (months), mean &+ SD 16.82 + 11.99
Outcome of SIS, n (%) Shunt success, n (%) 53 (74.6)
Excellent (SIS 9—10) 17 (23.9) Shunt failure, n (%) 18 (25.4)
Good (SIS 6—8) 31 (43.7) Catheter obstruction 9 (50.0)
Satisfactory (SIS 3—5) 19 (26.8) Infection 5(27.8)
Poor (SIS 0—2) 4 (5.6) Overdrainage™ 2 (11.1)
Occurrence of complications, n (%) Catheter exposure 2(11.7)
Yes 29 (40.8) GOS, median (range) 4 (1-5)
No 42 (59.2) mRS, median (range) 2 (0—5)
Complications, n (%) GOS, Glasgow Outcome Scale; mRS, modified Rankin Scale.
Overdrainage *Two patients with refractory low-pressure headache underwent shunt revision.
Yes 15 (21.1)
No 56 (78.9) for further multivariate analysis, in which a P < o.05 was
. considered significant.
Inadequate drainage
Yes 8(11.3)
No 63 (88.7) RESULTS
Infection Patients
Yes 10 (14.1) Between June 2015 and June 2018, we treated 106 patients diag-
No 61 (85.9) nosed with communicating hydrocephalus using an LPS. Twenty-
— = two patients without preoperative CSF data, ¢ patients with
Abdominal discomfort severely disordered consciousness, 2 patients lost to follow-up,
Yes 4 (5.6) and 2 patients age <18 were excluded from the study. The
No 67 (94.4) remaining of 71 eligible patients, 52 males and 19 females, were
- included. The mean age was 52.26 years, and the mean follow-up
Sl time was 16.82 months. No hydrocephalus-associated deaths were
Yes 1(1.4) observed during follow-up. Only 10 patients (10.8%) had a previ-
No 70 (98.6) ous history of shunt implantation. The patients’ baseline charac-
: . teristics are summarized in Table 1. patients suffered from
Postoperative length of stay (days), median (range) 10 (4—139)
LPS, lumboperitoneal shunt; SIS, symptomatic improvement score.
*Abdominal discomfort was defined as abdominal distension, pain, discomfort, or other
symptoms that related to shunt implantation. 1.0
2
c© 087
following normal and nonnormal distributions are expressed as z
mean =+ standard deviation (SD) and median (range), respectively, § 0.67
while categorical variables are expressed as number (percentage). 9
The independent-samples t test was used to compare preoperative 2 047
and postoperative KHS and Evans index scores. In comparisons of s
the SS and SF groups, the independent-samples t test was used for . 0.2
age, Evans index, GCS glucose, and CSF chlorine; the Wilcoxon n
rank-sum test was used for duration of follow-up, duration of i
symptoms, GCS score, CSF nucleated cells, CSF RBCs, and hos- 0.0 . . . .
pital length of stay; and the %> test (or Fisher’s exact test when 0 12 24 36
appropriate) was used for sex, etiology, previous shunt history, Follow-up time (m)
symptoms, and complications. A P value <o.05 was considered to ] ) . )
indicate statistical significance. In the binary logistic regression Figure 2. The shunt successful rate curve using Kaplan-Meier survival
. . . : L . analysis.
analysis, variables with P < o.1 in univariate analysis were selected yee
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Table 4. Characteristics of the Shunt Successful and Shunt

Failed Groups

Shunt Shunt
Successful Failed
Group Group

Characteristic (N = 53) (n = 18) P Value

Age, y, mean £ SD 521 £170 525+130 0927

Sex, n (%) 0.911%
Male 39 (73.6%) 13 (72.2%)

Female 14 (26.4%) 5 (27.8%)

Etiology, n (%) 0.385
Posttraumatic 20 (37.7%) 10 (55.6%)
hemorrhagic 26 (49.1%) 5 (27.8%)

Infectious 1(1.9%) 1 (5.6%)
Idiopathic 6 (11.3%) 2 (11.1%)

Time from operation to follow-up ~ 17.89+12.52 13.67+10.37  0.167

(months), mean + SD

Previous shunt history, n (%) 0.819*
Yes 7 (13.2%) 2 (11.1%)

No 46 (86.8%) 16 (88.9%)

Symptoms, n (%)

Headache 17 (32.1%) 7 (38.9%) 0.598
Gait disturbance 18 (34.0%) 8 (44.4%) 0.425
Mental disorder 14 (26.4%) 4(222%)  0.726%
Urinary incontinence 1(1.9%) 1 (5.6%) 0.420*
Vertigo 9 (17.0%) 4(222%)  0622*
Time from onset to operation 28 (3—365) 25 (2—730) 0.610
(days), median (range)

Preoperation
GCS, median (range) 12 (4—16) 13 (5—15) 0.929
Evans index, mean 4 SD 0.3540.05 0.34 £0.04
CSF parameters

Protein, g/L, mean + SD 0.55+0.36 105+ 167 0229
Nucleated cells, x10%/L 0(0—486)  2.5(0—210) 0.069
RBCs, x10°/L 0 (0—5000) 27.5 (0—1400) 0.037}
Glucose, mmol/L, 330075 351 1.1 0.394
mean + SD

Chlorine, mmol/L, 12382 +5.02 124.82 £ 925 0.667
mean + SD

Postoperation
Length of stay (days), median 7.5 (4—81) 11 (5—139) 0224
(range)

One or more complications after 0.845
LPS, n (%)
Continues

Table 4. Continued

Shunt Shunt
Successful Failed
Group Group
Characteristic (N = 53) (n =18) P Value
Yes 22 (41.5) 7 (38.9)
No 31 (58.5) 11 (61.1)

OR, odds ratio; Cl, confidence interval; GCS, Glasgow Coma Scale; CSF, cerebrospinal
fluid; RBCs, red blood cells; LPS, lumboperitoneal shunt.

*Fisher's exact test.

1P < 0.05.

communicating hydrocephalus was secondary to traumatic brain
injury in 30 patients (42.3%) and secondary to intracranial
hemorrhage in 31 patients (43.7%).

Short-Term Outcomes

We evaluated short-term outcomes after LPS by analyzing changes
in the KHS, Evans index, and SIS, corresponding to improvement
of symptoms and ventricular function. The KHS (8.31 £+ 4.80
preoperative vs. 3.65 + 3.08 postoperative; P < 0.001) and Evans
index (0.35 £ 0.05 vs. 0.28 £ 0.05; P < 0.001) were significantly
improved at 5 days after LPS implantation (Figure 1). The median
SIS was 7; SIS was classified as good in 31 patients (43.7%),
excellent in 17 patients (23.9%), satisfactory in 19 patients
(26.8%), and poor in 4 patients (5.6%).

The patients treated with LPS experienced numerous compli-
cations, however. The overall incidence of complications was
40.8% (19 patients). The most frequent complication was over-
drainage (OD; 15 patients; 21.1%), followed by infection (1o pa-
tients; 14.1%) and inadequate drainage (8 patients; 11.3%). Only 4
patients (5.6%) experienced abdominal discomfort, and 1 patient
(1.4%) experienced seizure relating to shunt placement (Table 2).
The median postoperative length of stay was 10 days (range, 4—139
days).

Long-Term Outcomes

Eighteen patients (25.4%) failed LPS, necessitating shunt revision,
as shown in Table 3. The most common reason for revision was
catheter obstruction (9 patients; 50.0%). In addition, 5 patients
(27.8%) failed due to infection, 2 (11.1%) failed due to catheter
exposure, and 2 (11.1%) experienced refractory low-pressure
headache. A successful shunt rate curve calculated using the
method of Kaplan-Meier (Figure 2) shows that all patients needing
revision received it within 12 months. The investigation of quality
of life showed the median of GOS score of 4 and a median mRS
score of 2.

Analysis of Risk Factors

RBC counts in CSF (P = 0.039) and postoperative Evans index (P =
0.046) were statistically significantly different between the SS and
SF groups (Tahle 4). However, there was no significant between-
group difference in age (P = 0.927), sex (P = 0.911), etiology of
hydrocephalus (P = 0.385), time from operation to follow-up
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(P = 0.167), prior shunt history (P = 0.819), time from onset to
operation (P = 0.610), preoperative GCS (P = 0.929), preoperative
CSF protein concentration (P = 0.229), preoperative nucleated cell
counts (P = 0.009), or the presence of complications following
LPS implantation (P = 0.845).

Multiple-Factor Analysis. Binary logistic regression was used to
perform multiple-factor analysis. The results are presented in Table 5.
Variables with P < o.1 in univariate analysis, including elevated
nucleated cell counts in CSF (>10 x 10%/L; 0dds ratio [OR], 4.800;
95% confidence interval [CI], 1.251—18.421; P = 0.022), elevated
RBC counts in CSF (>100 X 10%L; OR, 3.111, 95% CI, 0.948—
10.209; P = 0.001), and postoperative Evans index (OR, o0; 95% CI,
0—2.496; P = 0.006), were first selected for further multivariate
analysis. Other factors highly suspected to be related to shunt
failure were not of statistical significance, including age (OR, 1.001;
95% CI, 0.968—1.036; P = 0.935), post-traumatic hydrocephalus
(OR, 2.062; 95% CI, 0.698—6.091; P = 0.190), previous shunt history
(OR, 0.821;5 95% CI, 0.154—4.369; P = 0.818), preoperative GCS score
(OR, 1.012; 95% CI, 0.846—1.210; P = 0.897), and elevated CSF
protein (>1.0 g/L; OR, 3.013; 95% CI, 0.792—11.464; P = 0.100).
Further multivariate analysis identified elevated RBC count in CSF

(>100 x 10%L) as a dependent risk factor for shunt failure (OR,
24.111; 95% CI, 2.611—222.629; P = 0.005). However, postoperative
Evans index (OR, 0.001; 95% CI, 0—4862.938; P = 0.371) and elevated
nucleated cell counts in CSF (OR, 4.800; 95% CI, 0.397—58.013;
P = 0.217) were not associated with LPS failure.

DISCUSSION

LPS has long been demonstrated to be effective and safe in the
treatment of idiopathic normal-pressure hydrocephalus, showing
several potential advantages over VPS.?"3 Our present work sug-
gests the viability of LPS as a potential option to treat ACCH. Most
of our patients treated by LPS showed considerable improvement
in both symptoms and ventricular size. On the SIS, 48 patients
(67.6%) reported excellent or good symptomatic improvement,
and only 4 patients (5.6%) reported a poor outcome. In line with
these SIS findings, 48 patients (64.8%) with high Evans index
(>o0.3) before shunt insertion drop to under 0.3, and 59 patients
(83.1%) showed symptomatic improvement reflected in the KHS
at 5 days after LPS implantation. After implantation, the majority
of patients had a good prognosis according to their GOS and mRS
scores.

Table 5. Binary Logistic Regression Analysis of Risk Factors for Shunt Failure Following LPS

Univariate Analysis Multivariate Analysis
Parameter OR 95% CI P Value OR 95% CI P Value
Age 1.001 0.968—1.036 0.935
Male sex 1.124 0.343—3.683 0.847
Post-traumatic hydrocephalus 2.062 0.698—6.091 0.190
Duration of follow-up 0.969 0.924—1.017 0.203
Previous shunt history 0.821 0.154—4.369 0.818
Duration of symptoms 1.002 0.998—1.007 0.335
Preoperation
GCS 1.012 0.846—1.210 0.897
Evans index 0.187 0—24,010.428 0.780
CSF parameters
Protein >1.0 g/L 3.013 0.792—11.464 0.106
Nucleated cells >10 x 10%/L 4.800 1.251-18.421 0.022* 4.800 0.397—-58.013 0.217
RBCs >100 x 10%/L 3111 0.948—10.209 0.061% 2411 2.611—222.629 0.005¢
Glucose 1.320 0.701—2.488 0.390
Chlorine 1.025 0.943—1.113 0.561
Postoperation
Length of stay 0.992 0.964—1.021 0.583
Improved Evans index 0 0—2.496 0.066" 0.001 0—4862.938 0.371
Postoperative pressure adjustment 1.059 0.340—3.301 0.922
OR, odds ratio; Cl, confidence interval; GCS, Glasgow Coma Scale; CSF, cerebrospinal fluid; RBCs, red blood cells.
*Variables with P < 0.1 were selected for multivariate analysis.
P < 0.05.
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Nonetheless, patients undergoing LPS implantation face
numerous potential complications. OD is the most common
complication following LPS, leading to low-pressure syndrome. A
siphon effect occurring when the patient stands has been closely
associated with OD.™ Use of an antisiphon device attached to a
programmable pressure valve has proven effective in avoiding
OD." Although there was a high incidence of complications in
our cohort, shunt-associated death and some previously reported
severe complications™ were not observed.

Shunt failure, as an unacceptably common outcome, is another
concern following LPS. The reported incidence of shunt revision
ranges from 7% to 85.7%.”" Miyajima et al.”® suggested a higher
rate of shunt failure requiring revision and less efficacy in
patients with an LPS compared with those with a VPS at 1 year
after shunt placement. In our cohort, 18 patients (25.4%), most
of whom failed within 3 months owing to shunt obstruction,
failed and underwent shunt revision.

Finding ways to decrease the risk of LPS failure is attracting
increasing research interest. The path to a favorable shunt
outcome begins with evaluation of the patient’s suitability for
shunt implantation.” Preoperative supplementary tests, such as
the tap test (TT) and external lumbar drainage (ELD), can help
determine a patient’s suitability and thus decrease the risk of
failure. ELD, first reported by Haan and Thomeer,"”” has been
shown to be suitable for patients with a negative TT. An
increasing number of studies have shown that a positive
response to TT or ELD suggests a patient’s suitability for
treatment with an LPS.”” However, the definition of positive
response to TT or ELD remains controversial. The majority of
neurosurgeons would choose shunt implantation if patients
showed improvement of symptoms, especially in gait disorders.
Symptom improvement may be seen after TT or ELD even with
no change in the ventricles.

In addition, analyzing the risk factors for LPS failure may help
guide exclusion of high-risk patients before surgery. Although a

number of studies have aimed to determine risk factors of shunt
failure following VPS, there are little published data on risk factors
for LPS failure. Here, for the first time, we have analyzed the risk
factors for LPS failure and identified elevated RBC count in CSF as
a dependent risk factor. There is a persistent belief that high
protein level or cell count in CSF at the time of shunt implantation
might increase the risk of shunt failure, but evidence to support
this is poor.”® Nonetheless, an increasing number of studies have
found no statistically significant associations between shunt
failure and CSF parameters.””" Further research is needed to
obtain a holistic view of changes in the CSF system before and
after shunt implantation and the mechanism(s) underlying the
significance of CSF parameters in shunt outcome. In addition,
some variables previously reported to be associated with VPS
failure—including age, previous shunt history, time from onset to
operation, and etiology of hydrocephalus®**>—apparently have no
relevance to LPS outcomes according to our data.

Limitations

This study has several limitations. First, we analyzed patient
outcomes based on a single-institution retrospective study in the
presence of possible systematic bias and variation. Second, our
sample size is small, considering that more than 500 patients with
communicating hydrocephalus are admitted to our department
each year. Considering that LPS is still not as widely used as VPS,
the current work is a big population study while comparing other
published LPS-related research.

CONCLUSION

In conclusion, our data show that LPS is a promising option for
treating ACCH. Most of the patients treated with LPS implantation
had a good prognosis. Our binary logistic regression analysis
suggests that elevated RBC count in CSF is a dependent risk factor
for LPS failure.

REFERENCES

I.

Botfield H, Gonzalez AM, Abdullah O, et al.

decompressive craniectomy: an underestimated
risk factor. ] Neurotrauma. 2010;27:1965-1970.

treated by lumboperitoneal shunt: an observa-
tional study from China. Acta Neurochir (Wien).
2018;160:2031-2038.

X : ° 6. Jartti P, Karttunen A, Jartti A, Ukkola V, Sajanti J,
Decorin prevents the development of juvenile Pyhtinen J. Factors related to acute hydrocephalus 12, Karabatsou K, Quigley G, Buxton N, Foy P
communicating hydrocephalus. Brain. 2013;136(Pt after subarachnoid hemorrhage Acta Radiol 2004; " Mallucci ’ gy b DU o
0):2842-2858. S age. . ; ucci 'C. Lumboperitoneal bhunts.‘ are lthe
45:333-339- complications acceptable? Acta Neurochir (Wien).

2. Weelralzlif)c%y FA' Czosnyka ?A’ SCEuhmgm; fI;AU(i 7. Kahle KT, Kulkarni AV, Limbrick DD Jr, Warf BC. 2004146:1163°1167.
et al. Clinical assessment of cerebrospinal flui . : . . ) - )
dynamics in hydrocephalus. Guide to interpreta- ;Ig}g;(;cgephalus in  children. - Lancet. - 2016;387: 13. Aoki N. Lumboperitoneal shunt: clinical applica-
tion based on observational study. Acta Neurol ’ tion, COHI.leCatIOHS, and comparision with ven-
Scand. 2011;124:85-98. 8. Hung AL, Vivas-Buitrago T, Adam A, et al. Ven- trlculoperltq?eal lshunt. Neurosurgery.  1990;26:

triculoatrial versus ventriculoperitoneal shunt 9981004 [discussion: 1003-1004].

3. Tisell M, Hoglund M, Wikkelsp C. National and complications in idiopathic normal pressure hy- . .
regional incidence of surgery for adult hydro- drocephalus. Clin Neurol Neutosutg. 20173157:1-6. 14. Lehman RM. Complications of lumboperitoneal
cephalus in Sweden. Acta Neurol Scand. 2005;112: shunts. Neurosurgery. 2008;63:E370.

72775- 9. Wang VY, Barbaro NM, Lawton MT, et al. Com- B o )
plications of lumboperitoneal shunts. Neurosur- 15- Naka]{ma M, Miyajima M, Akiba C, et al. Lum-

4. McAllister JP 2nd, Williams MA, Walker ML, et al. gery. 2007;60:1045-1048 [discussion: 1049]. boperitoneal shunts for the treatment of idio-
An update on research priorities in hydrocepha- ‘ pathic normal pressure hydrocephalus: a
lus: overview of the third National Institutes of 10. Sun T, Yuan Y, Zhang Q, et al. Establishing a comparison of small-lumen abdominal catheters
Health—sponsored symposium “Opportunities for preoperative evaluation system for lumboper- to gravitational add-on valves in a single center.
Hydrocephalus Research: Pathways to Better itoneal shunt: approach to attenuate the risk of Oper Neurosurg (Hagerstown). 2018;15:634-642.
Outcomes”. ] Neurosurg. 2015;123:1427-1438. shunt failure. World Neurosurg. 2018;117:€308-€315.

16. Miyajima M, Kazui H, Mori E, Ishikawa M. One-

5. De Bonis P, Pompucci A, Mangiola A, Rigante L, 11. Sun T, Yuan Y, Zhang Q, et al. One-year outcome year outcome in patients with idiopathic normal-

Anile C. DPost-traumatic hydrocephalus after

of patients with posttraumatic hydrocephalus

pressure hydrocephalus: comparison of

WORLD NEUROSURGERY 132: E956-E962, DecemBer 2019

WWW.JOURNALS.ELSEVIER.COM/WORLD-NEUROSURGERY

E961


http://refhub.elsevier.com/S1878-8750(19)31612-2/sref1
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref1
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref1
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref1
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref2
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref2
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref2
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref2
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref2
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref3
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref3
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref3
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref3
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref4
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref4
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref4
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref4
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref4
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref4
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref4
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref5
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref5
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref5
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref5
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref6
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref6
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref6
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref6
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref7
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref7
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref7
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref8
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref8
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref8
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref8
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref9
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref9
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref9
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref10
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref10
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref10
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref10
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref11
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref11
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref11
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref11
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref11
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref12
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref12
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref12
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref12
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref13
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref13
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref13
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref13
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref14
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref14
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref15
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref15
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref15
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref15
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref15
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref15
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref16
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref16
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref16
www.journals.elsevier.com/world-neurosurgery

TONG SUN ET AL.

ORIGINAL ARTICLE

LUMBOPERITONEAL SHUNT TO TREAT ALL-CAUSE COMMUNICATING HYDROCEPHALUS

lumboperitoneal shunt to ventriculoperitoneal
shunt. ] Neurosurg. 2016;125:1483-1492.

a multicentre clinical audit for shunt infection and
its risk factors. Hong Kong Med J. 2016;22:410-419.

25. Nigim F, Critchlow JF, Schneider BE, Chen C,
Kasper EM. Shunting for hydrocephalus: analysis
of techniques and failure patterns. J Surg Res. 2014;

17. Haan J, Thomeer RT. Predictive value of tempo- 21. Pelegrin 1, Lora—Tamay(? J, G(’)m.ez—]unyent J, et Ial. 191:140-147.
rary external lumbar drainage in normal pressure Management of ventriculoperitoneal shunt in-
hydrocephalus. Neurosurgery. 1988;22:388-391. fections in adults: analysis of risk factors associ-
ated with treatment failure. Clin Infect Dis. 2017;04:
18. Fulkerson DH, Vachhrajani S, Bohnstedt BN, et al. 989-997.
?elll:tlzzlsmoi;?:b:;k itr)lilSkfl]lllxril; fcaelﬂl r;s;tmfigttgz 22. Erps A, Roth J, Constantini S, Lerner-Geva L, Conflict of interest statement: This study is supported by the
level, and glucose 1’; vels in lOW-birth-WeigllJlt pre- Grisaru-Soen G. Risk factors and epidemiology of Sichuan Province Science and Technology Support Program
matlire infants with posthemorrhagic hydroceph- pediatric ventriculoperitoneal shunt infections. (2015520193).
. Pediatr Int. ;60: - . .
alus. ] Neurosurg Pediatr. 2011;7:147-151. ediatr Int. 2018;60:1056-1061 Received 3 November 2018; accepted 10 June 2019
) . 23. Khan F, Rehman A, Shamim MS, Bari ME. Factors Citation: World Neurosurg. (2019) 132:€956-e962.
19. Farahmand D, Hilmarsson H, Hégfeldt M, affecting ventriculoperitoneal shunt survival in https://doi.org/10.1016/j.wneu.2019.06.070
Tisell M. Perioperative risk factors for short term i .6:
adult patients. Surg Neurol Int. 2015;6:25. . . .
shunt revisions in adult hydrocephalus patients. Journal homepage: www.journals.elsevier.com/world-
J Neurol Neurosurg Psychiatry. 2009;80:1248-1253. 24. Rinaldo L, Lanzino G, Elder BD. Predictors of neurosurgery
distal malfunction after ventriculoperitoneal Available online: www.sciencedirect.com
20. Worlfing Group on Neurosurgical Outcomes shunting for idiopathic normal pressure hydro- 1878-8750/5 - see front matter © 2019 Elsevier Inc. All
Monitoring, Woo PY, Wong HT, Pu JK, et al. cephalus and effect of general surgery involve- ah J
Primary ventriculoperitoneal shunting outcomes: ment. Clin Neurol Neurosurg. 2018;174:75-79. rights reserved.
E962 WWW.SCIENCEDIRECT.com WORLD NEUROSURGERY, HTTPS!//DOI.ORG/10.1016/J.WNEU.2019.06.070


http://refhub.elsevier.com/S1878-8750(19)31612-2/sref16
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref16
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref17
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref17
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref17
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref18
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref18
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref18
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref18
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref18
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref18
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref19
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref19
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref19
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref19
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref20
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref20
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref20
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref20
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref20
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref21
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref21
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref21
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref21
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref21
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref22
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref22
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref22
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref22
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref23
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref23
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref23
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref24
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref24
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref24
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref24
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref24
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref25
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref25
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref25
http://refhub.elsevier.com/S1878-8750(19)31612-2/sref25
https://doi.org/10.1016/j.wneu.2019.06.070
www.journals.elsevier.com/world-neurosurgery
www.journals.elsevier.com/world-neurosurgery
www.sciencedirect.com/science/journal/18788750
www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2019.06.070

	Efficacy and Safety of Lumboperitoneal Shunt in the Treatment of All-Cause Communicating Hydrocephalus: Analysis of Risk Fa ...
	Introduction
	Materials and Methods
	Study Design
	Perioperative Conditions
	Postoperative Follow-Up
	Analysis of Risk Factors
	Statistical Analysis

	Results
	Patients
	Short-Term Outcomes
	Long-Term Outcomes
	Analysis of Risk Factors
	Multiple-Factor Analysis


	Discussion
	Limitations

	Conclusion
	References


