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Objective: This study aimed to evaluate the functional outcomes of lumboperitoneal (LP) shunt for the treatment of non-obstructive
hydrocephalus.

Methods: We retrospectively studied the clinical surgical results of 172 adult patients with hydrocephalus who underwent LP shunt surgery
between June 2014 and June 2019. Data regarding the following were collected: pre- and postoperative symptom status, third ventricle width
changes, Evans index, and postoperative complications. Additionally, the baseline and follow-up Glasgow Coma Scale (GCS) score,
Glasgow Outcome Scale (GOS), and Modified Rankin Scale (mRS) scores were investigated. All patients were followed up for >12 months
using clinical interview and braining imaging using computed tomography (CT) scan or magnetic resonance imaging (MRI).

Results: Majority of patients presented with normal pressure hydrocephalus as the etiology of their disease (48.8%), followed by
cardiovascular accident (28.5%), trauma (19.7%), and brain tumor (3%). The mean GCS, GOS, and mRS improved postoperatively.
The average period from symptomatic onset to surgery was 402 days. The average width of the third ventricle on CT scan or MRI was
11.43 mm preoperatively and 10.8 mm postoperatively (P<0.001). The Evans index improved from 0.258 to 0.222 after operation. The
symptomatic improvement score was 7.0, with a complication rate of 7%.

Conclusion: Significant improvement was observed in the functional score and brain image after LP shunt placement. Moreover, the
satisfaction with symptomatic improvement after surgery remains high. LP shunt operation is a viable alternative in the treatment of
non-obstructive hydrocephalus due to the low complication rate, fast recovery, and high satisfaction.

Keywords: clinical outcome, complication, lumboperitoneal shunt, non-obstructive hydrocephalus

Introduction

Ventriculoperitoneal (VP) and lumboperitoneal (LP) shunt operations have no differences in clinical outcomes in the treatment of
normal pressure hydrocephalus (NPH)." Compared to VP shunt operation, performing LP shunt operation is easier with a shorter
operative time;” furthermore, it is minimally invasive, which enhances its efficiency in the treatment of NPH. Jia et al reported
asuccess rate of 91.40% with LP shunting; only 5.85% of the cases were complicated by shunt tube malfunction, which mainly
occurred in the peritoneal tube.® Furthermore, agreater lethal risk of nerve tissue is observed during VP shunting than during LP
shunting due to the penetration of the brain parenchyma when implanting aVP shunt.* Therefore, Japanese neurosurgeons
suggest LP shunting as the first-line treatment for patients diagnosed with idiopathic NPH to prevent brain injury.® However,
aprospective study in Japan found higher risks for shunt revisions when LP shunting was performed than with VP shunting (7%
vs 1%) in patients with idiopathic NPH.” Furthermore, previous reports have found increased surgical complications and revision
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risk when performing LP shunting compared to VP shunting.>* To improve the surgical outcomes, it is necessary to evaluate the
patient’s suitability for shunt implantation.” However, LP shunts remain as aviable alternative for NPH treatment due to their
minimally invasive nature and low mortality.*'°

Currently, long-term and large cohort studies have established the application and risks of VP shunts.''~'* However, only afew
short term clinical reports have been conducted on LP shunts due to their recent development.'>*'° Only afew studies with large
cases have been conducted previously.' In this study, we aimed to better understand the clinical outcomes and risk of LP shunt

operation. However, the long-term outcomes of adouble-blind study on LP shunts in patients with NPH remain to be determined.

Methods

We retrospectively studied the surgical outcomes of 172 patients with non-obstructive hydrocephalus treated with an LP
shunt between June2014 and June2019. Before shunt operation, every patient will receive the test of lumbar drainage.
Patients with the following characteristics were excluded from the study: age <18 years, obstructive hydrocephalus based
on CT and MRI findings, and incomplete follow-up period. Shunt catheters with programmable pressure valve were
obtained from astrata programmable valve (“Medtronic” PS Medical Strata NSC Lumboperitoneal Valve and Shunt
System 44420, Cremona Drive, Goleta, CA 93117, USA) by asingle doctor.

Demographic data were collected, including age, sex, disease etiology, clinical presentation, interval between onset and
operation, and admission days. Additionally, pre- and postoperative functional scores were recorded, including the Glasgow
Coma Scale (GCS), Glasgow Outcome Scale (GOS), and Modified Rankin Scale (mRS) scores. Preoperative data were
documented on the firstday of admission. Postoperative information and imaging (brain CT or MRI) were obtained after 3 months.

For anatomical evaluation, differences between the pre- and postoperative Evans index and width of the third
ventricle were evaluated using brain CT or MRI. We designed the symptomatic improvement score (SIS) to better
understand differences in symptomatic improvement. This finding was similar to pain scores. The satisfaction of SIS
ranged from 0 to 10 according to the patients’ self-assessment or acaretaker’s assessment (0—2: poor, 3—5: satisfactory, 6—
8: good, 9-10: excellent). Postoperative complications were monitored during the surgery. The longest period of
postoperative complications related to the LP shunt was 120 days.

Statistical Analysis

All data were analyzed using IBM SPSS Statistics software. Mean =+ standard deviation were used to describe normal and non-
normal data, while number (percentage) was used to describe categorical variables. An independent sample #-test was used to
compare pre- and postoperative differences in the Evans index and width of the third ventricle. Statistical significance was set at
P<0.001.

Result

From June2014 to June2019, 172 patients with communicating hydrocephalus and LP shunt operations were recorded in
our hospital. Baseline characteristics and presenting symptoms of the patients are shown in Tablel. The most common
etiology of communicating hydrocephalus is NPH (48.8%), followed by cardiovascular accident (CVA) (28.5%). The

Tablel Demographic and Preoperative Characteristics of Patients

No of Patient 172
Average Age (y/o) 733
Sex, n(%)
Male 108 (62.8%)
Female 64 (37.2%)
(Continued)
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Tablel (Continued).

Etiology; n(%)

NPH 84 (48.8%)
CVA 49 (28.5%)
TA 34 (19.7%)
Brain tumor 5 (3%)

Preoperative symptoms; n(%)

Unsteady gait 67 (39.0%)
Acute cognitive impairment 41 (23.8%)
Vertigo 31 (18%)

Headache 18 (10.4%)
Incontinence 10 (5.8%)
Weakness 5 (2.9%)

Average period from onset to operation (days) 402+54.3
Average admissionday (days) 4.95

Abbreviations: CVA, cardiovascular accident; NPH, normal pressure hydrocephalus; TA,

trauma.

high incidence of NPH and CVA may be attributed to the relatively high mean patient age. The etiology of trauma

(19.7%) and brain tumors (3%) was relatively low. The average period from onset to operation and operation to follow-

up was 402 and 1070 days, respectively. The average admissionday was 4.95 days.

Table2 shows the postoperative data of outcome and complications. Significant difference was found between in the
Evans index and width of the third ventricle after LP shunting (P<0.001). Hence, improvement in the width of the third

Table2 Functional Outcomes

Pre-Operation

Post-Operation

Outcome of SIS; n(%)

Average (range) 7 (0-10)
Excellent (SIS: 9—10) 34 (19.9%)
Good (SIS: 6-8) 88 (51.5%)
Satisfactory (SIS: 3-5) 37 (21.6%)
Poor (SIS: 0-2) 12 (7%)
Complication rate

Average; n(%) 12 (7%)
CSDH 6 (3.4%)
Infection 4 (2.3%)
Poor shunt function I (0.6%)
Abdominal related problem I (0.6%)

(Continued)
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Table2 (Continued).

Pre-Operation Post-Operation
Average third ventricle size (mm)* 11.43 10.8
Average Evans index* 0.258 0.222
Average GCS* 14.7 14.80
Average GOS* 4.54 4.72
Average mRS* 2.15 2.68

Note: *P value<0.001.
Abbreviations: CSDH, chronic subdural hematoma; GCS, Glasgow Coma Scale; GOS, Glasgow
Outcome Scale; mRS, modified Rankin Scale; SIS, symptom improvement score.

ventricle was noted (from 11.43mm to 10.8mm). The average Evans index was from 0.258 to 0.222 relatively.
Additionally, the function outcome of GCS, GOS, and mRS scores were also meaningful compared with preoperative
status. The mean SIS was 7. Most patients reported high satisfaction with symptomatic improvement (93%)
postoperatively.

Twelve (7.0%) complications were observed, which are shown in Table3. Among these 12 patients, six (3.4%)
developed chronic subdural hemorrhage (CSDH) due to over-shunting. Among these six who developed CSDH, three
patients underwent burr hole drainage, while three underwent operation of the subdural peritoneal shunt. Four patients
(2.5%) developed infection of either the wound or the CNS. CNS infection in two patients (1.2%) necessitated shunt
removal. One patient with poor wound healing underwent debridement. One patient developed wound infection, which
was managed with antibiotic therapy. One patient (0.6%) developed acute hydrocephalus due to poor shunt function 31
days after the shunt operation. Moreover, one LP shunt was removed due to ischemic bowel 120 days after the operation.

Table3 Postoperative Complications

Complication Days After Operation | Management
Acute hydrocephalus 31 EVD

CNS infection 120 Remove shunt
CNS infection 20 Remove shunt
CSDH 22 Burr hole
CSDH 20 S-Pshunt
CSDH 60 Burr hole
CSDH 40 Burr hole
CSDH 14 S-Pshunt
CSDH 120 S-Pshunt
Ischemic bowel 120 Remove shunt
Poor wound healing 30 Debridement
Wound infection 12 Antibiotic therapy

Abbreviations: EVD, external ventricular drainage; CNS, central nervous system;
CSDH, chronic subdural hematoma; S-Pshunt, subdural peritoneal shunt.
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Discussion

LP and VP shunt operations are the most common surgical procedures in the management of hydrocephalus. Previous
studies have found several advantages of LP shunts compared to VP shunts.'®'” However, the lack of aconsensus and
standard flow chart have led to controversies regarding the indications and contraindications of LP shunting.'” LP shunts
divert the accumulated CSF from the spinal subarachnoid space to the peritoneum; considering this, it is only applicable
for non-obstructive hydrocephalus.'® Therefore, patients were diagnosed as obstructive hydrocephalus based on brain CT
or MRI were excluded from this trial. In our series, NPH was the most common etiology of hydrocephalus, presenting in
48.8% of patients who received an LP shunt. Brain tumors were the etiology in five patients (3%), confirmed by brain
imaging.

The mean SIS was 7, with most patients (93%) showing good satisfaction with symptomatic improvement after LP
shunt placement. This is evidence of the effectiveness of LP shunting in the relief of symptoms in the treatment of non-
obstructive hydrocephalus. Additionally, functional outcomes of patients were evaluated 3 months postoperatively, using
GCS, GOS, and mRS; consequently, significant improvement was observed between these parameters. In our institution,
LP shunt was mostly applied in patients with NPH (84%). The average preoperative GCS, GOS, and mRS scores were
14.7, 4.54, and 2.15, respectively, indicating arelatively good preoperative neurologic function. Considering this, the
operation of LP shunt was still helpful for initial good cognitive patients under the precise diagnosis. Additionally, pre-
and postoperative changes in the Evans index and width of the third ventricle were evaluated. Furthermore, much
improvement was observed in the brain images at 3 months postoperatively. The Evans index and width of the third
ventricle is aconsiderable parameter for changes of ventricle. Hence, there is alack of study evaluating differences in the
ventricle size after LP shunting. Therefore, recommendations regarding the effectiveness of ventricle size change as
ameasure of the timing and effectiveness of treatments for hydrocephalus lack evidence.'®

The application of the LP shunt is associated with several common complications, including infection, shunt failure,
shunt migration, shunt malfunction, tonsillar herniation, overdrainage-induced CSDH, and CSF leakage from the
wound.'?%%? Rare complications include radiculopathy due to catheter irritation, foraminal migration of the shunt,
intra-cranial hemorrhage, spinal deformities, subarachnoid hemorrhage, and acute subdural hematoma.*>** Among these,
over-shunting is the major complication following LP shunting, leading to low-pressure conditions.** In our series, six
patients developed CSDH. Among them, three underwent SP shunt conversion and three underwent burr hole drainage.
The development of over-shunting in most patients (50%) occurred within 1 month of the operation. There are several
ways to address and prevent over-shunting. The use of an anti-siphon device combined with aprogrammable pressure
valve has been shown to decrease the risk of over-shunting.”® The anti-siphon design prevents overdrainage while the
patient is upright.”® However, over-shunting remained in some surgical reports. In our routine procedure, the highest-
pressure setting was used in the programmable valve to decrease CSF drainage. Moreover, the abdominal catheter
maintained its original length (84cm). Compared to the 27.5% complication rate reported by Tracy etal,>’ we successfully
decreased the complication rate of over-shunting to 3.4%. Furthermore, shunt-related deaths were not observed in our
study, as opposed to previous studies.'®

Shunt failure is another complication observed postoperatively. In our study, only one patient developed shunt failure.
Currently, the risk factors for LP shunt failure remain unclear. Ahigh CSF protein level is postulated to play an important role
in the development of shunt failure.”® Therefore, some surgeons perform LP shunting only when CSF values are normal.
However, astudy on infants revealed no significant relationship between preoperative CSF parameters and shunt failure.”

Previous studies have found a7-85.7% incidence of shunt revision.*® One patient in our study experienced acute
headache and dizziness due to acute hydrocephalus approximately 31 days after the LP shunt operation; symptoms were
relieved after shunt revision. Because of the design of the LP shunt tube, the diameter of the LP shunt tube is smaller than
that of the VP shunt, which may lead to ahigher rate of shunt failure and revision.’

Limitation
Our study has afew limitations. First, bias may occur due to several factors, including the single-center retrospective
nature of the study, technique of the operators, devices used, and patient selection. Second, the sample included was
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relatively small, necessitating alarger cohort study to validate the true value of LP shunts. Third, because SIS is
asubjective score, the patient’s baseline consciousness is an important factor for evaluation. Considering that the LP
shunt is still not as widely accepted as aVP shunt, alarger study comparing the effectiveness of these two surgical
operations is warranted.

Conclusion

In conclusion, LP shunting is aviable alternative in the management of non-obstructive hydrocephalus, regardless of
etiology. The minimal invasiveness and prevention of brain penetration is the major idea for LP shunting operation.
However, the risk of overshunting and infection should be kept in mind. It still needs more data and studies to prove the
true value of LP shunt.
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