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Impact of previous abdominal surgery on shunt revision
in pediatric ventriculoperitoneal shunt cases at a single

center
Onceden gecirilmis abdominal cerrahinin pediatrik ventrikiiloperitoneal
sant revizyonu tlizerindeki etkisi: Tek merkezli bir ¢alisma
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ABSTRACT

BACKGROUND

The main problems encountered during postoperative follow-up after ventriculoperitoneal shunt surgeries are ventriculoperitoneal
shunt malfunction and related complications. One of the reasons for malfunction is problems with the distal catheter. This study
aimed to analyze pediatric cases and establish whether there is a link between a history of abdominal surgery and the need for shunt
revision.

METHODS

We conducted a retrospective analysis of 138 pediatric patients who underwent surgery at our institution between 2010 and 2018.
RESULTS

In the first year postoperatively, 33.2% of the patients required shunt revision. Furthermore, we found a significant relationship
between a history of abdominal surgery and the requirement for shunt revision (p < 0.0001). Additionally, the length of the proximal
catheter inside the ventricles appeared to affect the need for shunt revision (p < 0.001).

CONCLUSION

Similar to other studies, we believe that our findings show that a history of abdominal surgery impacts the need for shunt revision.
This contributes to existing literature on the topic.
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AMAC

Ventrikiiloperitoneal (VP) sant disfonksiyonu ve iligkili komplikasyonlar, VP sant cerrahileri sonrasi postoperatif takipte karsilasilan
baslica sorunlardir. Sant disfonksiyonunun nedenlerinden biri distal katetere iliskin sorunlardir. Bu calismada, cocuk hastalar
retrospektif olarak analiz edilerek, 6nceden gegirilmis abdominal cerrahinin sant revizyon ihtiyaciyla olasi iliskisi arastirilmstir.
GEREC YONTEM

2010 ile 2018 yillar1 arasinda kurumumuzda cerrahi miidahale gegirmis 138 pediatrik hasta retrospektif olarak analiz edilmistir.
BULGULAR

Ameliyat sonras ilk yil iginde hastalarin %33,2’sinde sant revizyonu gerekmistir. Onceden gecirilmis abdominal cerrahi dykiisii ile
sant revizyon gereksinimi arasinda anlamli bir iliski bulunmustur (p < 0.0001). Ayrica, ventrikiil icindeki proksimal kateter
uzunlugunun da sant revizyonu iizerinde etkili oldugu saptanmistir (p <0.001).

SONUC

Bulgularimiz, 6nceki calismalarla paralel olarak, abdominal cerrahi dykiisiiniin sant revizyon gereksinimi {izerinde etkisi oldugunu
gostermektedir. Bu sonug mevcut literatiire katki saglamaktadur.

ANAHTAR KELIMELER

Abdominal cerrahi, ventrikiiloperitoneal sant cerrahisi, pediatrik, sant revizyonu
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relatively  high complication rate,

Despite its
ventriculoperitoneal (VP) shunt surgery is the gold

standard for treating pediatric hydrocephalus (1-4).

Mechanical and infectious complications persist despite
advances in shunt material technology. The shunt malfunction
rate in the pediatric population is 20-85% (5); this rate is lower
in adults at 17-33% (6,7). The malfunction rate in the first year
postoperatively is 30-50% (2, 8-11). The main causes of shunt
malfunction are infection, overdrainage, and mechanical
obstruction breakdown, or
obstruction) (8,12).

Patients who have undergone VP shunt surgery may

(disconnection, passage

also experience gastrointestinal complications, including (i)
abdominal pseudocyst formation, (ii) ascites, (iii) bladder
and  (iv)

(appendicitis, intestinal perforation, intestinal adhesions, anal

perforation, bowel-related  complications
extrusion of the peritoneal catheter, abdominal herniation, and
migration of the distal end to the scrotal sac) (13,14).
However, no study has examined the impact of
previous abdominal surgery on VP shunt revision rates.
Intestinal adhesion after abdominal surgery is a natural
process. However, its impact on the risk of shunt revision has
not yet been clearly demonstrated. This retrospective study
reviewed cases involving pediatric patients with VP shunts.
Revisions made during follow-up and complications were

analyzed in detail.

Materials and Methods

This study was approved by the ethics committee at
our university. We examined all patients who underwent VP
shunt placement between 2010 and 2018 and found 328 adult
and pediatric patients. Patients >18 years old were excluded,
and 138 pediatric cases were eventually included in this study.
The demographics, type of hydrocephalus, history of
abdominal surgery, duration of hospitalization and follow-up,
location of the proximal catheter, complications, reasons for
revision, number of shunt surgeries, and number of external
ventricular drainage (EVD) surgeries were noted.

The senior neurosurgeon performed all pediatric
procedures, and shunt placement was performed free hand,
based on the bony landmarks and related measurements; no

neuronavigation was used. Preferably, the parietal bone on the
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right side (if there was no previous surgical scar present) was
used, and a burr hole was placed at a point 2-4 cm more
cranially located than the Frazier point. The dura was opened
cross-shaped, and epidural hemostasis was achieved. Then the
proximal shunt catheter was sent as the length measured
preoperatively by computed tomography (CT). A mini-
laparotomy technique was used for the abdominal portion of
the operation. All the patients received perioperative cefazolin
as a prophylactic antibiotic.

The preoperative Evans ratio (ER) was calculated for
all the patients (2). Postoperatively, we noted the placement of
the proximal catheter and its length inside the ventricles.
Intraoperative and postoperative complications were assessed,
and the time to and reasons for revisions were noted. We then
compared the revision rates between patients with and without
previous abdominal surgery.

Statistical Package for Social Sciences version 22.0
(SPSS, Chicago, IL, USA) was used for statistical analysis. The
mean and standard deviation (SD) were calculated, the t-test
was used for group comparisons, and the Kaplan-Meier
estimator was used to analyze the cumulative revision-free
rates. The log-rank test was used to determine survival rates,

and statistical significance was set at p <0.05.

Results

All findings are summarized in Table 1. Of the 138
pediatric patients, 73 (52.9%) were female, and 65 (47.1%) were
male. The mean age at diagnosis was 3.66+5.45 years.
Additionly, the mean follow-up duration was 2.69+3.05 years.
The mean time to revision surgery was 10.84+12.40 months,
with 64 (46.4%) patients requiring this surgery.

During the first year postoperatively, 56 (33.2%)
patients required shunt revision surgery. A statistically
significant relationship was found between a history of
abdominal surgery and the need for shunt revision (p <0.0001)
(Figure 1). Additionally, a proximal catheter length inside the
ventricular system of <2 cm significantly impacted the
requirement for shunt revision (p <0.001). The calculated odds
ratio values for a history of abdominal surgery and catheter
length inside the ventricles were 3.36 (95% confidence interval
(CI): 1.85-6.11) and 3.61 (95% CI: 1.75-7.44), respectively.
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Table 1. Patient demographics, postoperative CT findings and complications
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All patients Patients with previous Patients without
abdominal operation previous abdominal
operation
Gender
Female 73(52.9%) 24(17.4%) 49(35.5%)
Male 65(47.1%) 19(13.8%) 46(33.3%)
Age of diagnosis (years) 3.66+5.45 3.74+5.44 3.63+5.49
Chiari Malformation 10(7.2%) 3(2.2%) 7(5.1%)
Previous operation for 19(13.8%) 8(5.8%) 11(8%)
meningomyelocele
Previous operation for 15(10.9%) 4(2.9%) 11(8%)
intracranial tumour
Hydrocephalus types
Communicating 72(52.2%) 20(14.5%) 52(37.7%)
Idiopathic Normal 3(2.2%) 1(0.7%) 2(1.4%)
Pressure
Posthemorrhagic 17(12.3%) 8(5.8%) 9(6.5%)
Obstructive 42(30.4%) 14(10.1%) 28(20.3%)
Benign Intracranial 4(2.9%) 0 4(2.9%)
Hypertension
# of EVD surgeries (with 24(17.4%) 11 13
revisions)
1 13(9.4%) 6(4.4%) 7(5.1%)
2 7(5.1%) 3(2.2%) 4(2.9%)
3 1(0.7%) 1(0.7%) 0(0.0%)
4 2(1.4%) 0(0.0%) 2(1.4%)
7 1(0.7%) 1(0.7%) 0(0.0%)
EVD duration (days) 16.04+19.17 19.81+25.81 12.84+11.76
# of VP shunt surgeries 43(31.2%) 95(68.8%)
(with revisions)
1 71(51.4%) 2(1.4%) 69(50%)
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2 28(20.3%) 16(11.6) 12(8.7%)
3 20(14.5%) 14(10.1) 6(4.3%)
4 7(5.1%) 4(2.9%) 3(2.2%)
5 5(3.6%) 1(0.7%) 4(2.9%)
6 1(0.7%) 1(0.7%) 0(0.0%)
7 4(2.9%) 3(2.2%) 1(0.7%)
9 2(1.4%) 2(1.4%) 0(0.0%)
Duration of follow-up 2.69+3.05 2.63+2.90 2.72+3.10
(years)
Exitus 10 (7.2%) 3(2.2%) 7(5.1%)
Preoperative Evans Ratio 0.46+0.13 0.44+0.11 0.46+0.14
Postoperative CT
Optimal position (correct 49(35.5%) 19(13.8%) 30(21.7%)
ventricle at foramen of
Monroe level)
Tip crossed the midline 50(36.2%) 14(10.1%) 36(26.1%)
towards the contralateral
ventricle
Correct ventricle, tip not at 34(24.6%) 8(5.2%) 26(18.8%)
foramen of Monroe level
Tip twisted 5(3.6%) 2(1.4%) 3(2.2%)
Proximal catheter, length
inside the ventricle (cm)
<1 10(7.2%) 2(1.4%) 8(5.8%)
1-<1.5 10(7.2%) 5(3.6%) 5(3.6%)
1.5-<2 13(9.4%) 4(2.9%) 9(6.5%)
>2 105(76.9%) 32(23.2%) 73(52.9%)
Complications
Meningitis 7(5.1%) 5(3.6%) 2(1.4%)
Intraventricular 3(2.2%) 2(1.4%) 1(0.7%)
hemorrhage
Subdural hematoma 2(1.4%) 1(0.7%) 1(0.7%)
Subdural hygroma 3(2.2%) 1(0.7%) 2(1.4%)
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Protrusion of the distal 2(1.4%) 2(1.4%) 0(0%)
catheter from anus
Superior sagittal sinus 1(0.7%) 1(0.7%) 0(0%)
injury
Peritonitis 3(2.2%) 1(0.7%) 2(1.4%)
Intraabdominal abscess 4(2.9%) 4(2.9%) 0(0%)
Mechanical complicaitons
Proximal obstruction 15(10.9%) 5 (11.6%) 10(10.5%)
Distal obstruction 7(5.1%) 5(11.6%) 2(2.1%)
Proximal fracture 2(1.4%) 1(2.3%) 1(1.1%)
Distal fracture 2(1.4%) 2(4.7%) 0
Disconnection 19(13.8) 5(11.6%) 14(14.7%)
Intraperitoneal cyst 3(2.2) 2(4.7%) 1(1.1%)
Catheter migration 4(2.9%) 2(4.7%) 2(2.1%)
Lengtening required 2(1.4%) 2(4.7%) 0
No malfunction 5(3.6%) 4(9.3%) 1(1.1%)
Revision
Yes 64(46.4%) 32(23.2%) 32(23.2%)
No 74(53.6%) 11(8%) 63(45.7%)
Time to revision (months) 10.84+12.40 11.41+13.08 10.29+11.88
<1 month 10(7.2%) 6(9.2%) 4(6.2%)
1-6 months 26(18.8%) 12(18.5%) 14(21.5%)
6-12 months 10(7.2%) 3(4.6%) 7(10.8%)
12-24 months 6(4.3%) 5(7.7%) 1(1.5%)
> 24 months 13(9.4%) 6(9.2%) 7(10.8%)

Twenty-five patients experienced perioperative or

challenging and

instructive complication, the use of

postoperative complications. In one patient with Crouzon
syndrome, the burr hole was unintentionally placed on the
superior sagittal sinus. The resulting bleeding was controlled,
and the surgery was completed using an alternative burr hole.
However, the patient required 8 weeks of follow-up in the
paediatric intensive care unit (pICU) after surgery. After this

intraoperative Doppler ultrasound in patients with cranial
vault anomalies became standardpractice in our clinic. In two
patients with a history of abdominal surgery, the distal catheter
protruded through the anus. Mechanical complications were
observed in 59 (42.8%) patients; the most common cause was
disconnection (13.8%).
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Figure 1. Kaplan-Meier estimator demonstrates time to event (shunt revision). Patients with a history of previous abdominal

surgery are shown in blue, while those without are shown in red.

Discussion

Catheters placed during VP shunt surgery are
intended to remain in place for the patient’s lifetime. Thus, one
of the main aims of the surgery is to prevent the need for any
revision surgeries (2, 5, 12, 15). The factors affecting the need
for revision surgeries have been widely studied. However, the
impact of a history of previous abdominal surgery on revision
rates has not been extensively investigated; this study
retrospectively examined this topic. We also detail the reasons
for the surgical revisions and complications.

The three main surgical options for distal catheter
placement in VP shunt surgery are mini—laparotomy,
laparoscopy, and percutaneous trocar-assisted techniques (16,
17). Possible technical
perforation (within three months of surgery), extraperitoneal

complications include visceral

catheter positioning, distal obstruction, and pseudocyst

formation (3). Risk factors for visceral perforation include
younger age and the presence of meningomyelocele (18, 19).
Sefarinova et al. demonstrated that the percutaneous
trocar-assisted technique carries a risk of abdominal visceral
and vascular injury; however, they stated that there was no
statistically significant difference between this technique and
laparoscopy (3). Schucht et al. compared shunt malfunction
rates in the laparoscopic and mini-laparotomy techniques.
They found that the only difference was a higher rate of distal
catheter malfunction in the mini-laparotomy group. The distal
catheter malfunction rate in the mini-laparotomy group was
8%, whereas there were no cases of distal catheter malfunction
in the laparoscopy group (1). No statistically significant
difference was found when patients with a history of

abdominal surgery were compared between the two groups
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(1). In our study, there was a statistically significant association

between a history of abdominal surgery and the need for shunt
revision (p < 0.0001). However, when focusing specifically on
distal catheter malfunction as the cause of revision, this
difference was not statistically significant. All patients who
underwent revision surgery had laparotomy performed again;
however, the placement was performed using a different
muscular and fascial route within the same incision.

Correct placement of the ventricular catheter is the
most important factor in achieving revision-free survival (20,
21). Wan et al. proposed a five-point grading system based on
the length of the catheter inside the ventricle (2). A catheter
with a length of >2 cm inside the ventricle was considered a
perfectly placed. Ventricle size was the most important factor
in ensuring the proximal catheter was perfectly placed in the
ventricle (2). In our study, 76.9% of the proximal catheters were
>2 cm inside the ventricles. Additionally, the calculated odds
ratio for revision was 3.61 (95% CI: 1.75-7.44) if the catheter
length inside the ventricle was <2 cm.

Stone et al. demonstrated no relationship between the
etiology of hydrocephalus and shunt malfunction in their
study of 64 pediatric patients and 234 procedures (22).
Anderson et al. showed that 30-day shunt malfunction is
related to the etiology of hydrocephalus in adult patients in a
study of 321 pediatric and 362 adult patients. However, no
significant relationship was found in the pediatric population,
despite performing a multivariate analysis. A significant
relationship was found between shunt malfunction and
whether the surgery was primary or secondary, and whether it
was performed by one or multiple surgeons (with secondary
surgery and single surgeon being more likely to cause shunt
malfunction) (23). Similarly, Rocque et al. found a relationship
between the etiology of hydrocephalus and shunt malfunction
in univariate analyses. However, they were unable to
demonstrate this in multivariate analyses (24).

This study had some limitations. Due to the limited
number of patients, the different types of surgeries that
patients with a history of abdominal surgery had undergone
could not be evaluated in detail. Additionally, it was unclear
whether patients had experienced any postoperative surgical
site infections.

Very few studies in the current literature have

investigated the direct relationship between the length of the
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peritoneal (abdominal) end of the shunt and the risk of shunt
dysfunction (25). Instead, most available reports focus on other
factors associated with distal malfunction, such as catheter
configuration, the position or patency of distal slit openings,
peritoneal adaptation, the relative shortening of the distal
catheter due to patient growth, and the formation of abdominal
pseudocysts (26, 27, 28, 29).

However, based on the insights gained from the
present study and the gaps identified in the existing literature,
we plan to systematically record the length of the distal
(abdominal) catheter in our future cases. We will also assess its
potential influence on shunt function through a prospective
study reflecting our own clinical experience. This approach
could provide valuable data to clarify whether peritoneal
catheter a measurable on distal

length has impact

complications and  contribute to optimization of
ventriculoperitoneal shunt placement techniques in the future.

Overall, VP shunt surgery is the first-line treatment
for hydrocephalus. Although highly effective, it is associated
with a variety of complications. Despite technological and
patient care developments, the incidence rates of these
complications are far from decreasing. Previous studies have
described several of these complications (5, 8, 12). One of the
predisposing factors for such complications is a history of
abdominal surgery, which was studied in detail in this study.
We found that a history of abdominal surgery and a catheter
length of less than 2 cm inside the ventricle had the greatest
impact on shunt revision rates. We conclude that a previous
history of abdominal surgery in the pediatric population
increases the risk of shunt failure and thus the need for shunt

revisions.

Conclusion

Ventriculoperitoneal shunt malfunction is a common
and challenging complication during the postoperative period.
Among the various causes, problems related to the distal
catheter play a significant role. Prompt recognition and
resolution of these issues is essential for enhancing long-term
outcomes and reducing the need for shunt revisions in
pediatric patients.

Conlflicts of interest and source of funding
None declared

98

RESEARCH ARTICLE




Acknowledgements

The authors received no technical, financial, or
material support for this study. No individuals or institutions
contributed to the work in a manner that requires
acknowledgment.
Ethical approval

This study was approved by the Ethics Committee of
Dokuz Eylul University with the decision number 2018/21-04,
dated August 9, 2018.

References

1. Schucht P, Banz V, Trochsler M, Iff S, Krahenbiihl AK,
Reinert M, et al. Laparoscopically assisted
ventriculoperitoneal shunt placement: a prospective
randomized controlled trial. J Neurosurg. 2015
May;122(5):1058—67.

2. WanKR, Toy JA, Wolfe R, Danks A. Factors affecting
the accuracy of ventricular catheter placement. J Clin
Neurosci Off ] Neurosurg Soc Australas. 2011
Apr;18(4):485-8.

3. Serafimova M, Soleman ], Stoessel T, Guzman R,
Constantini S, Roth J. Peritoneal insertion of shunts in
children: ~ comparison  between trocar and
laparoscopically guided insertion. Child’s Nerv Syst
ChNS Off ] Int Soc Pediatr Neurosurg. 2021
Jan;37(1):115-23.

4. Hochstetler A, Raskin J, & Blazer-Yost, BL

Hydrocephalus: historical analysis and
considerations for treatment. Eur ] Med Res 27, 168
(2022).

5. Mansoor N, Solheim O, Fredriksli OA, Gulati S. Shunt
complications and revisions in children: A
retrospective single institution study. Brain Behav.
2021 Nov;11(11): e2390.

6. Merkler AE, Ch’ang ], Parker WE, Murthy SB, Kamel
H. The Rate of Complications  after
Ventriculoperitoneal =~ Shunt  Surgery.  World
Neurosurg. 2017 Feb; 98:654-8.

7. Coll G, Abed Rabbo F, de Schlichting E, Coste A,
Chazal ], Garcier ]-M, et al. Mechanical complications
of cerebrospinal fluid shunt. Differences between
adult and pediatric populations: myths or reality?
Child’s Nerv Syst ChNS Off ] Int Soc Pediatr
Neurosurg. 2021 Jul;37(7):2215-21.

8. Drake JM, Kestle JR, Milner R, Cinalli G, Boop F, Piatt
JJ, et al. Randomized trial of cerebrospinal fluid shunt
valve design in  pediatric  hydrocephalus.
Neurosurgery. 1998 Aug;43(2):294-5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Pages:91-100

Bergsneider M, Egnor MR, Johnston M, Kranz D,
Madsen JR, McAllister JP 2nd, et al. What we don’t
(but should) know about hydrocephalus. ]
Neurosurg. 2006 Mar;104(3 Suppl):157-9.

Caldarelli M, Di Rocco C, La Marca F. Shunt
complications in the first postoperative year in
children with meningomyelocele. Child’s Nerv Syst
ChNS Off J Int Soc Pediatr Neurosurg. 1996
Dec;12(12):748-54.

Tuli S, Drake J, Lawless J, Wigg M, Lamberti-Pasculli
M. Risk factors for repeated cerebrospinal shunt
failures in pediatric patients with hydrocephalus. |
Neurosurg. 2000 Jan;92(1):31-8.

Erol FS, Ozturk S, Akgun B, Kaplan M.
Ventriculoperitoneal shunt malfunction caused by
fractures and disconnections over 10 years of follow-
up. Child’s Nerv Syst ChNS Off ] Int Soc Pediatr
Neurosurg. 2017 Mar;33(3):475-81.

Hamid R, Baba AA, Bhat NA, Mufti G, Mir YA, Sajad
W. Post ventriculoperitoneal shunt abdominal
pseudocyst: Challenges posed in management. Asian
J Neurosurg. 2017;12(1):13-6.

Crowley RW, Dumont AS, Asthagiri AR, Torner JC,
Medel R, Jane JAJ, et al. Intraoperative ultrasound
guidance for the placement of permanent ventricular
cerebrospinal fluid shunt catheters: a single-center
historical cohort study. World Neurosurg. 2014
Feb;81(2):397-403.

Basilotta Marquez YNI, Mengide JP, Lifares JM,
Saenz A, Arganaraz R, Mantese B. Abdominal
complications in patients with a ventriculoperitoneal
shunt: proposal for management recommendations
from a single pediatric tertiary center. Child’s Nerv
Syst ChNS Off ] Int Soc Pediatr Neurosurg. 2021
Jul;37(7):2223-32.

Handler MH, Callahan B. Laparoscopic placement of
distal ~ventriculoperitoneal ~shunt catheters. ]
Neurosurg Pediatr. 2008 Oct;2(4):282-5.

Recinos PF, Pindrik JA, Bedri MI, Ahn ES, Jallo GI,
Recinos VR. The periumbilical approach in
ventriculoperitoneal shunt placement: technique and
long-term results. ] Neurosurg Pediatr. 2013
May;11(5):558-63.

Park YS, Park IS, Park KB, Lee CH, Hwang SH, Han
JW. Laparotomy versus Laparoscopic Placement of
Distal Catheter in Ventriculoperitoneal Shunt
Procedure. ] Korean Neurosurg Soc. 2010
Oct;48(4):325-9.

ArgoJL, Yellumahanthi DK, Ballem N, Harrigan MR,
Fisher WS 3rd, Wesley MM, et al. Laparoscopic versus

99

RESEARCH ARTICLE




20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

open approach for implantation of the peritoneal

catheter ~ during  ventriculoperitoneal — shunt
placement. Surg Endosc. 2009 Jul;23(7):1449-55.

Kim YB, Lee JW, Lee KS, Lee KC. Image-guided
placement of ventricular shunt catheter. J Clin
Neurosci Off ] Neurosurg Soc Australas. 2006
Jan;13(1):50—4.

Dickerman RD, McConathy WJ, Morgan J, Stevens
QE, Jolley JT, Schneider S, et al. Failure rate of frontal
versus parietal approaches for proximal catheter
placement in ventriculoperitoneal shunts: revisited. J
Clin Neurosci Off ] Neurosurg Soc Australas. 2005
Sep;12(7):781-3.

Stone j, Walker CT, Jacobson M, Philips V, Silberstein
HJ. Revision rate of pediatric ventriculoperitoneal
shunts after 15 years. ] Neurosurg Pediatrics 2013;
11:15-19.

Anderson IA, Saukila LF, Robins JMW, Akhunbay-
Fudge CY, Gooden JR, Tyagi AK, Philips N, Chumas
PD. Factors associated with 30-day
ventriculoperitoneal shunt failure in pediatric and
adult patients. ] Neurosurg 2019; 130:145-153.
Rocque BG, Waldrop RP, Shamblin I, Arynchyna AA,
Hopson B, Kerr T, Johnston JM, Rozelle CJ, Blount JP.
Shunt failure clusters: an analysis of multiple,
frequent shunt failures. ] Neurosurg Pediatr 2021;
27:287-293.

Gupta, Mahesh & Digra, N. & Sharma, Narendra &
Goyal, Subhash & Agrawal, Amit. (2012). Length of
peritoneal end of shunt catheters in hydrocephalus in
children and rate of complications. ] Cranio Max Dis.
1. 12-16. 10.4103/2278-9588.102468.

Pillai, Shibu V. Techniques and Nuances in
Ventriculoperitoneal Shunt Surgery. Neurology India
69(Suppl 2):p S471-5475, Nov—Dec 2021.

Couldwell WT, LeMay DR, McComb JG. Experience
with use of extended length peritoneal shunt
catheters. ] Neurosurg. 1996 Sep;85(3):425-7.

M. Paff, D. Alexandru-Abrams, M. Muhonen, W.
Loudon. Ventriculoperitoneal shunt complications: a
review. Interdiscipl. Neurosurg., 13 (2018), pp. 66-70.
Cozzens, ]. W., & Chandler, J. P. (1997). Increased risk
of distal ventriculoperitoneal shunt obstruction

Pages:91-100

associated with slit valves or distal slits in the
peritoneal catheter. Journal of Neurosurgery, 87(5),
682-686.

100

RESEARCH ARTICLE




