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Introduction

First described in 1908, ventriculoperitoneal
(VP) shunt is the most common neurosurgical pro-
cedure to treat obstructive and communicating hy-
drocephalus in children and adults. Thanks to tech-
nological improvement, nowadays mortality and
morbidity rate are low though shunt malfunction re-
mains a troublesome complication (1). Shunt mal-
function may be due to obstruction, infection,
catheter dislocation (both ventricular or peritoneal),
over-drainage or under-drainage of cerebrospinal
fluid; other complications are disconnection of the
device, skin erosion and infection of the device, sili-
cone allergy, inguinal or muscle hernia, peritoneal
cyst an seizures (2-5). In patients with defects of the

abdominal wall some authors proposed the recon-
struction with decellularized derma or other materi-
als (6). Literature reports that the 45-59% percent-
age of all patients with a VP shunt requires a shunt
revision during life (7, 8). Shunt failure in adults af-
ter one year follow-up accounts about 29% of all pa-
tients; in pediatric population shunt failure is re-
ported about 14% of all patients after one month
from surgery (9) and from 40% to 50% after one
year follow-up (10, 11). Demographic risk factors
for shunt failure are sex, low socioeconomic status
and age less than 19 years; finally the obstructive hy-
drocephalus is associated with higher risk of shunt
complications than the communicating type (12). 

About 25% of shunt malfunctions are due to ab-
dominal causes (13) divided into mechanical (shunt
discontinuity, leak, obstruction and catheter disloca-
tion) and biological ones (infections, abscesses,
pseudocyst and muscle hematoma). In many cases,
no evident causes of abdominal malfunction can be
identified, so a peritoneal malabsorption may be
supposed.  
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ted for VP shunt at our Institution. Statistical analysis was performed
in order to correlate shunt malfunctioning with type of abdominal ap-
proach (trocar vs mini-laparotomy), perioperative infective status, sex,
bowel distention and length of surgical time. 

Results. Factors statistically significant for surgical shunt revision
were the use of trocar (univariate analisys p=0,029 and multivariate
p= 0,035) and high infective risk (univariate analisys p=0,028 and
multivariate p= 0,038). No statistical significant association was ob-
served between shunt revision and sex, bowel distension and operative
length time.

Conclusions. To avoid postoperative shunt malfunctions especially
in peritoneum the mini-laparotomy is the approach of choice. Surgery
must be performed when infective status is healed.
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In this study we retrospectively analyze patients
with primary and secondary adult hydrocephalus
operated with VP shunt, in order to identify some
risk factors for abdominal shunt malfunction.

Patients and methods

In the Clinic of Neurosurgery of Ancona (Italy)
89 patients with adult hydrocephalus were operated
of VP shunt from 2015 to 2017.  

Three patients underwent shunt revision due to
encephalic causes and were not included in this
study so the sample studied was 86 patients (mean
age = 67.42 years). Ventricular catheter was inserted
through a right frontal burr hole, choosing left ap-
proach for patients with specific impeding causes
(pre-existing infection, craniectomy, ecc.). Peri-
toneal catheter was positioned by mini-laparotomy
approach (Figure 1) in 31 patients out of 86 (36%)
and by trocar puncture (Figure 2) in 55 patients out

of 86 (64%). All patients performed post-operative
brain CT scan and abdomen X-ray. Prophylactic an-
tibiotic was done with Cefazoline 2 g e.v. 30-60
minute before surgery and Vancomycin 1 g e.v. for
documented penicillin allergy. A Codman Hakim
programmable valve was implanted in all patients
with a peritoneal catheter 30 cm long. We surgically
revised shunts in the following cases: neurological
worsening after initial improvement without other
medical causes, evidence of cerebrospinal fluid infec-
tion (positive colture or cells count > 10/mcl, total
protein > 50 mg/dl, glucose level < 40 mg/dl) and
radiological X-ray abdomen reports (hematoma,
pseudocyst, catheter dislocation, abscesses). In order
to identify risk factors for abdominal shunt malfunc-
tion we classified patients in following groups: “high
and low” infective risk, with or without abdominal
bowel distention, long or short operative time (cut-
off value of 75 minute). Patients were considered at
high infective risk if during the peri-operative period
(10 days before and after surgical procedure) they

Figure 1 - Mini-laparotomy procedure. A) Isolation of superficial fascia (Scarpa’s fascia); B) Isolation of parietal peritoneum; C) Peritoneum ope-
ning with evidence of intestinal ansa; D) Catether insertion.
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had all together: positive culture isolation (blood,
CSF, sputum or urine), leucocytosis (> 10000/mmc)
and fever (at least 38°C). Mild leucocytosis (<
13000/mmc) in the first and second day after sur-
gery, was considered procedure related. Anyway we
operate only patients without fever for the last 48
hours before surgery. Bowel distention was defined
according to radiologic reports of post-operative X-
ray (presence of distention or fluid-air levels). Statis-
tical analysis was carried out using multiple regres-
sion and Chi-square; a p value < 0,05 was consid-
ered statistically significant. The software used for
data analyses was SPSS (Version 20).

Results 

In this study 86 patients underwent VP shunt
positioning and 23 out of 86 (27%) underwent to
surgical shunt revision for abdominal causes. The
causes of abdominal malfunction were: peritoneal
malabsorption 8 patients (35%), 6 patients (26%)
infection/abscess, 5 patients (21%) catheter disloca-
tion and 4 patients (17%) muscle hematoma (Table
1). Statistically significant factors for surgical shunt
revision were the use of trocar (univariate analisys
p=0,029 and multivariate p= 0,035) and high infec-
tive risk (univariate analisys p=0,028 and multivari-

Figure 2 - Trocar procedure (A, B, C).

Riv. Chirurgia 6/18-3b .qxp_.  22/11/18  12:32  Pagina 370

© C
IC

 Ediz
ion

i In
ter

na
zio

na
li



371

Ventriculoperitoneal shunt malfunction: analysis of abdominal causes

ate p= 0,038) (Table 2). No statistical significant as-
sociation was observed between shunt revision and
bowel distention, sex and operative length time. 

Discussion

Shunt malfunctions are the most common com-
plications in patients treated for hydrocephalus with
a prevalence of 30-50% after 3 years follow-up.  

Abdominal causes of VP shunt malfunction ac-
count about 25% of shunt failure (14). Shunt ob-
struction may occur at both ventricular or peritoneal
catheter. Ventricular catheter obstruction may be
due to intraventricular hemorrhage, choroid plexus
ingrowth or brain debris (15). The incidence of
peritoneal catheter obstruction ranges from 12% to

34% (16, 17). In most patients a mechanical cause
of shunt failure can be identified, such as abdominal
hematoma, abscess or catheter dislocation; these
causes represent the 65% of the whole abdominal
shunt failure in our series. In line with data reported
by Cozzenss J.W. et al. (18), abdominal causes of
shunt malfunction are unknown for 35% of patients
in our series. In this group of patients a peritoneal
malabsorption may be supposed; in line with these
during surgical revision of the peritoneal catheter a
correct drainage was documented.

When a peritoneal malabsorption occurs in pedi-
atric population, a peritoneal ascites develops (19)
but this is rare in adults and no cerebrospinal fluid
ascites were documented in our patients. The etiol-
ogy of malabsorption are peritoneal, omental in-
flammation (also subclinical process) or mesenteric

TABLE 1 - SUMMARIZING TABLE.

Patients, n                                                                                                                                          86

Male / Female                                                                                                                               45 / 41

Mean age (range), yrs                                                                                                                 67.4 (19-86)

Abdominal shunt revision n                                                                                                               23

peritoneal malbsorption                                                                                                           8 (35%)

infection / abscess                                                                                                                    6 (26%)

catheter dislocation                                                                                                                  5 (21%)

hematoma                                                                                                                                4 (17%)

Mean time between implantation and revision (range)                                                   60 days (range 1-16 weeks)

Causes of hydrocephalus, %                                                                                                                

normal pressure (NPH)                                                                                                              46%

subarachnoid hemorrhage (SAH)                                                                                               15%

traumatic brain injury (TBI)                                                                                                      20%

intracerebral hemorrhage                                                                                                           15%

infectious                                                                                                                                    1%

neoplasm                                                                                                                                    1%

other                                                                                                                                           2%
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adenitis. A frequent cause of abdominal malfunction
is the obstruction of the peritoneal catheter by fi-
brous tissue around the catheter tip, as described
first time in 1954 (20) and later in 1983 (21). In
these cases the use of laparoscope is effective in re-
moving fibrous capsule from catheter tip without
the need of catheter extraction (22, 23). In our cas-
es, no laparoscopic procedures have been done be-
cause we performed in all patients a surgical peri-
toneal catheter revision. 

Abdominal peritoneal catheter may be posi-
tioned with open mini-laparotomy, blind trocar
puncture or laparoscopy, according to surgical pref-
erence and/or specific patient characteristics such as
obesity or previous abdominal surgery (24, 25). Ma-
jor complications such as vascular injury, bowel per-
foration, muscle hernia, wound infection and ex-
traperitoneal gas due to trocar access are described in
gynecologic and abdominal surgery (26). During ab-
dominal catheter positioning for VP shunt, fatal
aortic rupture is also described (27). Many studies
documented that obstruction of the peritoneal
catheter occurs more frequently with trocar tech-
nique than open mini-laparotomy (28). In this
study we found a statistical significant association
between trocar procedure and high risk of abdomi-
nal shunt failure. It could be supposed that by blind
trocar puncture the catheter tip may contact peri-
toneal setta, omento or ansa, causing occlusion or
sub-occlusion; moreover during the procedure un-
recognized minimal bleeding may cause adherence
between catheter and peritoneal tissues.

Ventriculoperitoneal shunt infections are the

most frequent complications of shunt procedure
with high rate of morbidity and mortality (7, 29,
30). Shunt infections account for 3% to 20% of all
operated patients. Risk factors are young patients,
open neural tube defect and time length of proce-
dure. As concern the surgical time length, consider-
ing 75 minutes as cut-off between “long” and
“short” procedure, we cannot confirm these data.
Infections may present with abscesses, peritonitis or
even wound dehiscence at the abdomen or along the
subcutaneous catheter, as described for other subcu-
taneous devices or implants (31). We found a statis-
tical significant association between patients with
“high infective risk” (fever, positive microbiologic
culture and leukocytosis in perioperative period)
and VP shunt abdomen malfunction, independently
of causes of failure. Beyond cases of direct infection
spread from blood, airway or urinary tract with
shunt contamination, it could be supposed that the
chronic inflammatory infection status of these pa-
tients changes the peritoneal fluid composition fa-
voring occlusion and malabsorption. On the other
hand, patients with “high infective risk” are preva-
lently those with traumatic or post-hemorrhage hy-
drocephalus, with high number of previous cranial
surgical procedure (es. decompressive craniectomy)
that represent an independent risk factor for infec-
tion and shunt failure even in case of minimally in-
vasive surgical procedure (32-35). 

Correct VP shunt drainage require a differential
pressure between intracranial pressure (ICP) and in-
traperitoneal pressure (IAP) that is 0 ± 2 cm H2O.
There is a correlation between increased intra-ab-

TABLE 2 - STATISTICAL DATA (N, %).

 Shunt revision 

(23/86)   

Non shunt revision 

(63/86)   

P Value   

(Chi-square) 

P Value 

(Multiple regression) 

Trocar (55/86) 19 (82,6%) 36 (57,1%) 0,029 (< 0,05) 0,035 (< 0,05) 

High infective risk (29/86) 12 (52,1%) 17 (26,9%) 0,028 (< 0,05) 0,038 (< 0,05) 

Abdomen distension 
(29/86) 

8 (34,7%) 21 (33,3%) 0,899 0,896 

Long operative time 
(35/86) 

9 (39,1%) 26 (41,2%) 0,858 0,863 

Male sex (45/86) 12 (52,1%) 33 (52,3%) 0,986 0,827 
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dominal pressure (IAP) and higher intracranial pres-
sure (ICP), as reported in conditions such as obesity
and pregnancy. Thus, constipation is considered a
potential cause of abdomen shunt malfunction (36-
38). We investigated the potential role of abdomen
distention in shunt failure by means of post-opera-
tive abdomen X-ray reports but no statistical correla-
tion has been found. It is possible that post-operative
abdomen distention is a transient condition without
impairment of shunt function. Finally, previous
study identified male sex as risk factor for VP shunt
failure, but in this study this data was not confirmed.

Conclusion

Abdomen VP shunt failure is a frequent condi-
tion and its specific risk factors are not well estab-
lished. In this study perioperative infective/inflam-
matory status and the use of trocar are risk factors
for abdominal shunt failure. This may be related to
abnormal peritoneal fluid composition with reduc-
tion of peritoneal absorption or peritoneal catheter
fibrosis. Further studies are necessary to elucidate
the pathophysiology of peritoneal fluid dynamic in
patient with VP shunt.

References

1. Persson EK, Hagberg G, Uvebrant P. Hydrocephalus prevalence
and outcome in a population-based cohort of children born in
1989-1998. Acta Paediatr. 2005;94:726-732. 

2. Dan NG, Wade MJ. The incidence of epilepsy after ventricular
shunting procedure. J Neurosurg. 1986;65:19-21.

3. Jimenez DF, Keating R, Goodrich JT. Silicone allergy in ven-
triculoperitoneal shunts. Childs Nerv Syst. 1994;10:59-63.

4. Moazam F, Glenn JD, Kaplan BJ, et al. Inguinal hernias after
ventriculoperitoneal shunt procedures in pediatric patients.
Surg Gynecol Obstet. 1984;159:570-2.

5. Bryant MS, Bremer AM, Tepas JJ, et al. Abdominal complica-
tions of ventriculoperitoneal shunts. Am Surg. 1988;54:50-5.

6. Ghetti M, Bondoli E, Purpura V, Cenacchi G, Ruscelli P,
Melandri D. Decellularized human dermal matrix produced
by a skin bank. A new treatment for abdominal wall defects.
Ann Ital Chir. 2016;87:105-17.

7. Borgbjerg BM, Gjerris F, Albeck MJ, Hauerberg J, Borgesen
SE. Frequency and causes of shunt revisions in different cere-
brospinal fluid shunt types. Acta Neurochir (Wien).
1995;136:189-194.

8. Di Rocco C, Marchese E, Velardi F. A survey of the first com-
plication of newly implanted CSF shunt devices for the treat-
ment of nontumoral hydrocephalus. Cooperative survey of the
1991-1992 Education Committee of the ISPN. 

9. McGirt MJ, Leveque JC, Wellons JC 3rd, Villavicencio AT,
Hopkins JS, Fuchs HE, George TM. Cerebrospinal fluid shunt
survival and etiology of failures: A seven-year institutional ex-
perience. Pediatr Neurosurg. 2002;36:248-255. 

10. Liptak GS, McDonald JV. Ventriculoperitoneal shunts in chil-
dren: Factors affecting shunt survival. Pediatr Neurosci.
1985;12:289-293. 

11. Tuli S, Drake J, Lawless J, Wigg M, Lamberti-Pasculli M.
Risk factors for repeated cerebrospinal shunt failures in pediatric
patients with hydrocephalus. J Neurosurg. 2000;92:31-38. 

12. Wu Y, Green N, Wrensh M, et al. Ventriculoperitoneal shunt
complications in California: 1990 to 2000. Neurosurgery.
2007;61:557-563.

13. Patwardhan R, Nanda A. Implanted ventricular shunts in the
United States: the billion–dollar-a-year cost of hydrocephalus
treatment. Neurosurgery. 2005;56:139-145. 

14. Coley BD, Kosnik EJ. Abdominal complications of ventricu-
loperitoneal shunts in children. Semin Ultrasound CT MR.
2006;27(2):152-160. 

15. Blount JP, Campbell JA, Haines SJ. Complications in ven-
tricular cerebrospinal fluid shunting. Neurosurg Clin North

Am. 1993;4:633-656.
16. Sainte-Rose C, Hoffman HJ, Hirsch JF. Shunt failure. Concepts

Pediatr Neurosurg. 1989;9:7-20.
17. Sekhar LN, Moossy J, Guthkelch AN. Malfunctioning ven-

triculoperitoneal shunts. Clinical and pathological features. J
Neurosurg. 1982;56:411-416.

18. Cozzens JW, Chandler JP. Increased risk of distal ventricu-
loperitoneal shunt obstruction associated with slit valves or
distal slits in the peritoneal catheter. J Neurosurg. 1997
Nov;87(5):682-6. 

19. Dean DF, Keller IB. Cerebrospinal fluid ascites: a complication
of a ventriculoperitoneal shunt. J Neurol Neurosurg Psychiatry.
1972 Aug;35(4):474-6.

20. Scott M, Wycis HT, Murtagh F, Reyes V. Observations of
ventricular and lumbar subarachnoid peritoneal shunts in hy-
drocephalus in infants. J Neurosurg. 1955;12:165-75. 

21. Agha FP, Amendola MA, Shirazi KK, Amendola BE, Chandler
WF. Unusual abdominal complications of ventriculo-peritoneal
shunts. Radiology. 1983;146:323-6. 

22. Kano T. Fibrous capsule formation of the peritoneal catheter
tip in ventriculoperitoneal shunt: Two case reports. Surg Neurol
Int. 2014 Oct 30;5 (Suppl 12):S451-4.

23. Kano T, Kawauchi H. Fibrous encapsulation of the peritoneal
catheter in peritoneal shunt: Case report. Surg Neurol Int.
2017 Jun 27;8:132.

24. Konstantinidis H, Balogiannis I, Foroglu N, Spiliotopoulos
A, Magras I,Kesisoglou I, Selviaridis P. Laparoscopic placement
of ventriculoperitoneal shunts: an innovative simplification of
the existing techniques. Minim Invasive Neurosurg. 2007
Feb;50(1):62-4.

25. Ruscelli P, Buccoliero F. Development of a low cost laparostomy
technique. Two years experience in the Trauma center of Ce-
sena, Italy. Ann Ital Chir. 2013;84(3):243. 

26. Munro MG. Laparoscopic access: Complications, technologies,
and techniques. Curr Opin Obstet Gynecol. 2002;14:365-
374.

27. Danan D, Winfree CJ, McKhann GM 2nd. Intra-abdominal
vascular injury during trocar-assisted ventriculoperitoneal shunt-
ing: case report. Neurosurgery. 2008 Sep;63(3):E613; discussion
E613.

28. Naftel RP, Argo JL, Shannon CN, Taylor TH, Tubbs RS,
Clements RH, Harrigan MR. Laparoscopic versus open inser-
tion of the peritoneal catheter in ventriculoperitoneal shunt
placement: review of 810 consecutive cases. J Neurosurg. 2011
Jul;115(1):151-8. 

Riv. Chirurgia 6/18-3b .qxp_.  22/11/18  12:32  Pagina 373

© C
IC

 Ediz
ion

i In
ter

na
zio

na
li



374

M. Dobran et al.

syndrome? Neurol Med Chir (Tokyo). 2013;53(5):329-35.
35. Iacoangeli M, Nocchi N, Nasi D, Di Rienzo A, Dobran M,

Gladi M, Colasanti R, Alvaro L, Polonara G, Scerrati M. Min-
imally Invasive Supraorbital Key-hole Approach for the Treat-
ment of Anterior Cranial Fossa Meningiomas. Neurol Med
Chir (Tokyo). 2016;56(4):180-5.

36. Martínez-Lage JF, Martos-Tello JM, Ros-de-San Pedro J, Al-
magro MJ. Severe constipation: an under-appreciated cause of
VP shunt malfunction: a case-based update. Childs Nerv Syst.
2008 Apr;24(4):431-5. Epub 2007 Oct 10. Review.

37. Muzumdar D, Ventureyra EC. Transient ventriculoperitoneal
shunt malfunction after chronic constipation: case report and
review of literature. Childs Nerv Syst. 2007 Apr;23(4):455-8.
Epub 2006 Aug 29. Review.

38. Powers CJ, George T, Fuchs HE. Constipation as a reversible
cause of ventriculoperitoneal shunt failure. Report of two cases.
J Neurosurg. 2006 Sep;105(3 Suppl):227-30.

29. Yogev R. Cerebrospinal fluid shunt infection: a personal view.
Pediatr Infect Dis. 1985;4:113-8.

30. Ammirati M, Raimondi AJ. Cerebrospinal fluid shunt infections
in children. A study on the reltionship between the etiology of
hydrocephalus, age at the time of shunt placement, and infection
rate. Childs Nerv Syst. 1987;3(2):106-9.

31. Fenoy AJ, Simpson RK Jr. Management of device-related
wound complications in deep brain stimulation surgery. J Neu-
rosurg. 2012 Jun;116(6):1324-32.

32. Reynolds M, Sherman JO, Mclone DG. Ventriculoperitoneal
shunt infection masquerading as an acute surgical abdomen. J
Pediatr Surg. 1983 Dec;18(6):951-4.

33. Dobran M, Marini A, Nasi D, et al. Risk factors of surgical
site infections in instrumented spine surgery. Surgical Neurology
International. 2017;8:212. 

34. Di Rienzo A, Iacoangeli M, Alvaro L, Colasanti R, Dobran
M, Di Somma LG, Moriconi E, Scerrati M. The sinking bone

Riv. Chirurgia 6/18-3b .qxp_.  22/11/18  12:32  Pagina 374

© C
IC

 Ediz
ion

i In
ter

na
zio

na
li




