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Background and Aim: The insertion of Ventriculoperitoneal (VP) or Ventriculoatrial (VA) shunt is
the first line of treatment in patients with hydrocephalus and normal-pressure hydrocephalus.
The provision of a safety profile for shunting in the treatment of hydrocephalus patients is very
important. This study aimed to determine the success rates and complications of VP and VA
shunting in patients with hydrocephalus.
Methods and Materials/Patients: This systematic review investigated the complication rates of VP
and VA shunting in managing patients with hydrocephalus. All the published studies were searched
in three electronic databases of Web of Science, PubMed and Google Scholar from March 20 to
April 10, 2020, using the keywords of “Ventriculoperitoneal” and “Ventriculoatrial” in combination
with “Hydrocephalus”.
Results: In total, nine articles met the eligibility criteria for being included in this review. Some
studies showed a higher rate of shunt obstruction in patients undergoing VA shunting; however,
other studies demonstrated no difference in terms of shunt obstruction. The rates of primary
revision shunt were various within the ranges of 5.4%-48% and 9.1%-58% for VA and VP shunting,
respectively. A higher rate of revision shunt was reported among the patients undergoing VP
shunting, compared to that reported for VA shunting. The different mortality rates in various studies
were estimated within the range of 0%-10% and at 13.9% for VA and VP shunting, respectively.
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Conclusion: In general, no difference was reported between VA and VP shunting regarding the
rates of complications and mortality. Due to the ease of placement and revision, VP shunting
could be considered the first-line treatment of hydrocephalus. However, this approach has been
preferred in newborns, and there have been insufficient data on adults in this regard.
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Highlights
• Some studies showed a higher rate of shunt obstruction in patients undergoing VA shunting.
• Other studies demonstrated no difference in terms of shunt obstruction.
• In general, no difference was reported between VA and VP shunting regarding the rates of complications and mortality.

Plain Language Summary
For management of hydrocephalus, we usually use Ventriculoperitoneal (VP) or Ventriculoatrial (VA) shunts that
drain CSF (cerebrospinal fluid ) in the abdominal cavity or heart, respectively. CSF shunting is the most popular operation in the field of pediatric neurosurgery. Shunt obstruction and shunt infection are the most important complications of the shunting process. The provision of a safety profile for shunting in the treatment of hydrocephalus
patients is very important. This study aimed to determine the success rates and complications of VP and VA shunting
in patients with hydrocephalus. Some studies reported a higher rate of shunt obstruction in patients undergoing VA
shunting; however, other studies demonstrated no difference in terms of shunt obstruction. In general, no difference
was reported between VA and VP shunting regarding the rates of complications and mortality. Due to the ease of
placement and revision, VP shunting could be considered the first-line treatment for hydrocephalus. However, this
approach has been preferred in newborns, and there have been insufficient data on adults in this regard.

C

1. Introduction

ommonly, a high rate of shunt failure
that necessitates a shunt revision or replacement is reported in hydrocephalus
patients. The insertion of Ventriculoperitoneal (VP) or Ventriculoatrial (VA) shunt
is the first line of treatment in patients
with hydrocephalus and Normal-Pressure Hydrocephalus (NPH) [1-4]. However, the administration of either of
these treatments has complications and problems. Infection, shunt obstruction, and subdural hemorrhage are
the main complications of using VA and VP shunts. Although severe morbidities in terms of cardiopulmonary
and renal complications are reported due to the use of
VA shunts, compared to that of VP shunts [5, 6], there is
no significant difference between the VA and VP shunts
in terms of complications among adult patients [7, 8].
Some reports demonstrated cardiopulmonary complications resulting from using VA shunting, which is
rarely applied for patients with NPH. However, these
severe complications are more frequently observed
among adults for whom VA shunts have been placed
during childhood. McGovern et al. showed no statistically significant difference in the perioperative and
postoperative complications, including distal revision,
proximal revision, and postoperative seizure, for VP and
VA and shunting. However, symptomatic shunt infection
and intracerebral hemorrhage and were only reported
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in patients undergoing VP shunting [8]. Since technical challenges are associated with the insertion of VA
shunts and complications, the use of VP shunts is more
common, compared to that of VA shunts [9, 10]. Nevertheless, the patients with abdominal factors, such as
cirrhosis-related ascites, complications of prior VP shunting, prior abdominal surgeries, as well as pseudocysts
and peritoneal infections are not eligible for the placement of VP shunts [11-15]. Moreover, the infections due
to the insertion of the catheter may lead to some severe
complications, including cardiac damage, renal failure,
and subacute endocarditis [5, 16, 17].
The effectiveness and complication rates of VA and VP
methods have been reported in different studies; however, the comparison between the two techniques is difficult due to the different results [18]. The rates of complications may be different over time, even in the same
investigated group. Regarding what was discussed, the
assessment of the success rates and complications of VP
and VA shunting is critical to guide the involved specialists regarding the use or nonuse. This study aimed to
determine the complications of VP and VA shunting in
patients with hydrocephalus. In this regard, the following questions were assessed by the present review:
Are there more complications with VA or VP shunting
in patients with hydrocephalus?
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Are there more shunt obstruction and revision in VP
or VA shunting?
Are there any differences between the outcomes of VA
and VP shunting in adults and newborns?

2. Methods and Materials/Patients
This systematic review investigated the complication
rates of VP and VA shunting for managing patients with
hydrocephalus. In this study, the eight stages of the Cochrane Handbook for Systematic Reviews of Interventions
were used in the search process. These stages include investigating the exclusion and inclusion criteria, performing an extensive search for data collection, extracting the
data, studying the extracted data evaluating the quality
assessment,and removing ineligible articles [19].
Eligibility criteria
The inclusion and exclusion criteria were selected
based on the Participants Intervention Comparison Outcome Study design. All the studies comparing VA with
VP shunts in any age range were included in the present
study. The primary inclusion criteria were publication in
English, examination of human samples, clear explanation of VP and VA shunting with associated complications, and comparison of two VP and VA shunting approaches. Since the objective of the present study was
to compare the consequences of VP and VA shunting in
patients with hydrocephalus, the papers focusing only
on one type of VP or VA shunts were excluded from
the study. Moreover, animal and in vitro studies were
removed from the current process. We also restricted
short communications, meta-analyses, narrative articles, qualitative investigations, case reports or case
series, reviews and editorial letters. Because of the observational nature of the present study, all case-control,
retrospective and prospective studies on human subjects assessing the consequences of VP and VA shunting
were entered in the present review.
Literature search
All the published studies were searched in three
electronic databases of PubMed, Web of Science and
Google Scholar, and from March 20 to April 10, 2020,
using the keywords of “Ventriculoperitoneal” and “Ventriculoatrial” in combination with “Hydrocephalus”.

Study design and data extraction
This systematic review has focused on the consequences of VP and VA shunting and determined which
approach is more appropriate for the treatment of patients with hydrocephalus. In the first stage, three selected electronic databases of Web of Science, PubMed
and Google Scholar, were searched up to April 10,
2020. The identified papers in each database were selected, and the duplicates and unrelated articles were
removed. Subsequently, the abstracts and titles were
reviewed, and the eligible articles were screened for
relevancy. In total, two researchers worked together
during the search process and separately reviewed the
abstracts and titles of all the articles. In the next step,
the full-text versions of the selected studies consistent
with the objectives of the present study were obtained
for final evaluation. In this step, the articles with insufficient data were removed from the study. The researchers were continuously in contact with each other to select papers, as well as extract and exchange data. Finally,
the data were recorded in a researcher made checklist.
PRISMA flowchart represents the stages in the selection
of the articles (Figure 1).
Risk of bias and quality assessment
The risk of bias for each paper was evaluated based on
Cochrane’s risk of bias tool. According to the tool, all selected articles were assessed in eight domains: selection
of sample size, selective reporting, missing data, bias due
to confounders, a departure from intended intervention,
measurement outcome, measurement of intervention,
and other sources [20]. The options were chosen based
on the observational nature of the selected studies.

3. Results
Out of 1532 identified papers in the first step of the
search process, 1304 articles were unrelated to the
study’s objectives and removed from the study. During the preliminary assessment of 228 remained studies, 37 duplicates were excluded from the review. Furthermore, the articles (n=55) evaluating only VP or VA
complications in hydrocephalus patients were removed
from the study because only the comparative studies
were included assessing the complication rate of VP
shunting, compared to that reported for VA shunting.
In addition, the papers published in other languages,
except for English (n=7), in vitro articles (n=0), animal
studies (n=0), technical notes (n=11), editorial letters/
short communications (n=5), books (n=2), reviews and
narrative articles (n=12), case series (n=19) case reports
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Figure 1. PRISMA flow chart representing process of paper selection in the review
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(n=1,532)

(n=5)
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Remained articles (n=233)

Duplicate articles (n=37)
Remained articles (n=196)
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Articles evaluating only VP or VA complications (n=55)
Remained articles (n=141)
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Papers published in other languages except for English (n=7),
technical notes (n=11), editorial letters or short communications
(n=5), books (n=2), reviews and narrative articles (n=12), case series
(n=19) case reports (n=74), unavailable full-texts (n=2)

Entered articles in study process (n=9)

Figure 1. PRISMA flow chart representing the process of paper selection in the review
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(n=74), and unavailable full-texts (n=2) were excluded
from the study. Finally, 9 papers remained. PRISMA
flowchart represents the process of paper selection in
the review (Figure 1).

(44.4%) studies on newborns. Furthermore, a study was
conducted on both adult and newborn populations.
Other studies were included if only hydrocephalus was
reported in the description of patients.

Given that restricting patients from treatment is immoral, there was no randomized clinical trial. All the
papers were comparative retrospective studies. The
included studies were performed in seven different regions, most frequent of which (33%) were carried out in
the USA. In addition, two studies (22%) were conducted
in Italy. Other studies were performed in Finland (n=1),
Sweden (n=1), Canada (n=1), and Colombia (n=1). No
study has been carried out in Asia and Africa . The included articles were performed on 2652 patients with
NPH, among whom 876 and 1741 subjects were treated
using VA and VP shunting, respectively. The mean age
of the patients entered in the above mentioned studies
was very different. Some studies focused on newborns
with hydrocephalus; however, other studies were performed on adults with NPH. Accordingly, the subjects
were within the age range of 1 day to 91 years. Totally,
four (44.4%) studies were performed on adults, and four

In addition, the male/female ratio was not specific in
the majority of the studies. Only four studies assessed
the male/female ratio in which there was no remarkable difference between males and females. The reason
for shunt placement was reported in only five studies.
Tumors as the indicators of shunt placement were observed in 29% and 32% of the patients in studies performed by Lam et al. [21] and Puca et al., respectively
[22]. Peritonitis, abdominal pseudocyst, and abdominal
adhesions lead to shunt placement in 52%, 12%, and
7% of patients, respectively. Moreover, necrotizing enterocolitis and acute bowel obstruction result in shunt
placement in 6% and 2% of the subjects, respectively
[23]. Aqueductal stenosis was the reason for shunt
placement in 42%, and only 3% of the patients in the
studies carried out by Fernell et al. [24] and Lam et al.,
respectively [21].
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Figure 2. Quality assessment of the included articles in the review process
G: Bias in measurement outcome
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A: Bias due to confounders
0

Unclear

2

No

4

6

8

Yes

Figure 2. Quality assessment of the included articles in the review process

The total rates of complications for VA and VP shunting were within the ranges of 36%-43% and 42%-47%
among adults, respectively. This rate was not reported
in the studies performed on newborns with hydrocephalus. The rates of a subdural hematoma were various
within the ranges of 4%-12.7% and 5%- 6.6% for VA and
VP shunting, respectively. The rate of a subdural hematoma was not compared in four studies conducted on
newborns. Among the studies comparing a subdural hematoma in hydrocephalus patients undergoing VA and
VP shunting, some studies reported a significant difference in the rates of a subdural hematoma between VA
and VP shunting; however, several studies showed no
differences between the two techniques. The obtained
results of the studies on intraventricular hemorrhage
due to VP and VA shunting were incompatible. The findings of the two studies assessing the adults with hydrocephalus showed no significant difference between VA
and VP shunting in terms of hygroma.
No study has reported cardiopulmonary complications. Some studies demonstrated a higher rate of shunt
obstruction in patients undergoing VA shunting. Nevertheless, other studies indicated no difference between
the two techniques in shunt obstruction. The rates of
primary shunt revision were various within the ranges
of 5.4%-48% and 9.1%-58% for VA and VP shunting, respectively. A higher rate of shunt revision was reported
for the patients undergoing VP, compared to VA shunt-

ing. The different mortality rates in various studies were
estimated within the range of 0%-10% and at 13.9% for
VA and VP shunting, respectively. Quality assessment of
the included article is shown in Table 1.
Determination of the risk of bias
Generally, to assess the quality of the included studies, nine articles were reviewed in this study based on
the eight domains of the Cochrane guidelines. The low
and high risks of bias were marked as “Yes” and “No”,
respectively. “Unclear” was considered for unknown or
unclear risk of bias (Figure 2). Table 2 tabulates the extracted data from each study in details.

4. Discussion
For the first time, Nulsen and Spitz suggested VP shunting and Holter valve-regulated shunt system for patients with hydrocephalus [28]. In addition, VP shunts
were used by Scott et al. in 1955 [29]. This systematic
review investigated all the papers assessing the complications associated with VA and VP shunting for the
treatment of children and adults with hydrocephalus.
In this with exclusively VA shunts [24]. Similarly, based
on another study conducted by Olsen et al. on pediatric
patients, the complications of VP shunts were less severe, and the mortality rate was much lower, compared
to those reported for the VA method [25].
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Table 1. Quality assessment of the included articles in the review process

Authors

Bias Due to
Confounders

Bias Due to
Selection of
Participants

Bias Due to
Measurement of
Intervention

Bias Due to
Departures from
Intended Inyervention

Bias Due
to Missing
Data

Free of
Selective
Reporting

Bias in Measurement
Outcome

Hung et al. [27]

Yes

Yes

No

No

No

No

Yes

McGovern et
al. [8]

Yes

Yes

No

No

No

No

Yes

Ignelzi et al. [7]

Yes

Yes

No

No

No

No

Yes

Lam et al. [21]

Yes

Yes

No

No

Yes

No

Yes

Yes

Yes

No

No

No

No

Yes

No

No

Yes

Yes

Yes

Yes

Unclear

Yes

Yes

Yes

No

Yes

No

Unclear

Puca et al. [22]

Yes

No

Yes

Yes

Yes

Yes

Unclear

Rymarczuk et
al. [23]

No

No

Yes

No

No

Yes

No

Olsen et al.
[25]

Pasqualin et
al. [26]
Fernell et al.
[24]

The rates of mortality due to shunting are reported
within the ranges of 0%-6% [33-37] and 0%-9% [18,
32, 35, 38] for VP and VA shunt surgeries, respectively. Formation of thrombosis on the distal catheter and
thrombosis of jugular or vena cava after using VA shunts
have been reported in some studies [7, 21], leading to
consider the potential for future complications in cardiopulmonary system in patients treated with VA shunting. However, Rymarczuk et al. has recently shown no
significant differences between the complications and
mortalities of VP and VA shunts [23], which is in line
with the obtained results of a study by Ignelzi et al. [7].
A study by McGovern et al. determined the safety of
VA shunts, compared to that of VP shunts in adult patients with NPH [8], who were treated by a single surgeon at Columbia University Medical Center of USA
from January 2002 to December 2011. Both idiopathic
and secondary NPH patients were entered in the aforementioned study. The obtained results showed no significant difference between VA and VP shunting in terms
of bleeding, infection, distal catheter malfunction, and
proximal catheter malfunction. However, the frequency
of the aforementioned variables was lower in VA shunting but not statistically significant. The incidence of a
subdural hematoma was slightly higher in VA shunting
than that reported for VP shunting but not statistically
significant. No mortality and cardiopulmonary complications were reported due to VA or VP shunting [8].
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Based on the results of a study by Hung et al., a subdural hematoma after shunt insertion was the most
common intracranial complication (12.7%) in patients
undergoing both VP and VA shunting, the rate of which
is lower than those reported for previous studies (range:
20.8%-23%) [39, 40]. In addition, the rate of a subdural
hematoma was higher among patients undergoing VA
shunting, compared to that reported for VP shunting. In
general, no difference was observed in the rates of complications between VA and VP shunting, as confirmed by
the finding of other similar studies [18, 25, 30-32].
More severe morbidities, including pulmonary hypertension, cor pulmonale, renal and cardiopulmonary
complications, are more frequently reported among patients undergoing VA shunting than those reported for
VP shunting [5, 6, 41]. The infections due to the use of
a catheter may lead to renal failure, progression to end
stage renal disease, immune complex mediated nephritis, cardiac damage and subacute endocarditis, in both
VA and VP shunting [5, 16, 17, 42, 43]. Renal problems,
such as nephritis and renal failure, may be secondary
to the infection and activation of the immune system
[16, 27, 42, 43]. Although the long-term prognosis of renal dysfunctions is concerning, its frequency is reported
as very low; accordingly, eligible patients should not be
precluded from receiving VA shunts.
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Sample Size
Age

Male/Female Ratio
Disease

Reason for Shunt Placement
Total Complications

--

Subdural Hematoma

97 (32.3%) VA: 11 (13 %)
VP: 7 (10.6%)

--

Intraventricular Hemorrhage

--

Postoperative Infections

Country

--

Shunt Obstruction

Author
(year)
Reference

Not reported

--

Table 2. Extracted data obtained from entered studies

H3

--

Hygroma

Cardiopulmonary Complications

Proximal Catheter Malfunction

Distal Catheter Malfunction

Primary Revision Shunt

Mortality

--

VA: 0
VP: 0

--

VA: 31 (30%)
VP: 16 (23%)

VA: 48%
VP: 58%
P>0.05

1 day to 90
years

29 (17%)

--

300
VA1: 177
VP2: 114
Other: 9

--

VA: 47
(55%)
VP: 49
(71%)

USA

--

VA: 27 (31%)
VP: 10 (15%)

Ignelzi et al.
(1975)
[7]

Not reported

VA: 3
(2.9%)
VP: 0

H

VA: 40%
VP: 32%

--

VA: 48
(47%)
VP: 46
(61%)

VA: 4.9
VP: 4.6
(months)

VA: 23 (23%)
VP: 14
(18%)

172
VA: 103
VP: 69

--

Sweden

--

Olsen et al.
(1983)
[25]

--

--

VA: 25 (27%)
VP: 70 (28%)

--

VA: 8
VA: 22
Higher in VP (10%)
(11%)
shunting VP: 7 (5.3
VP: 11 (4%)
%)

VA: 33
(45.8%) VA: 7.4%
VP: 56 (51%) VP: 13.9%
--

Not reported

2 (1%)

H

72 (43.6%)

90/75

19 (11%)
VA: 24 (33%) VA: 5 (6.9%)
VP: 18 (16%)
VP: 14
(12.9%)

21 months

VA: 3 (4%)
VP: 6 (5%)

180
VA: 72
VP: 108

VA: 78 (37%)
VP: 98 (37%)

Italy

--

Mazz et al.
(1980)
[26]

--

--

--

--

--

VA: 50 (42%)
VA: 9 (7%)
VP: 19 (11%)
VP: 31 (18%)
P<0.00 I

--

-H

VA: 5 (20%) VA: 4 (16%)
VP: 19 (27%) VP: 17 (24%)

---

--

--

VA: 0.9±1.6
VP: 0.6±1.3
(months)

H

289
VA: 118
VP: 171

--

Finland

Adults

Tumor: 32%
Idiopathic chronic hydrocephalus: 23%
Hemorrhage: 14%
Intracranial hypertension: 13%

Fernell et al.
(1985)
[24]

Italy

356
VA: 92
VP: 244
LP: 20
LP5: 7

Aqueductal stenosis: 42%
Perinatal complications: 28%
Central nervous system
anomalies: 25%
Congenital or neonatal infection: 4%
Miscellaneous: 2%

Puca et al.
(1991)
[22]
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Canada

Country

128
VA: 49
VP: 73
Mixture: 6

Sample Size

Adults

Age

--

Male/Female Ratio

H

Author
(year)
Reference
Disease

Reason for Shunt Placement
Total Complications

Subdural Hematoma
Shunt Obstruction

Postoperative Infections

Intraventricular Hemorrhage

Hygroma

Cardiopulmonary Complications

--

--

--

VA: 2.7%
VP: 2.5%
P=0.95

P=0.9

--

VA: 2.7%
VP: 6.6%
P=0.36

VA: 54%
VP: 60%

VA: 16
(10.7%)
VP: 100
(28.9)
P<0.001

VA: 5.4%
VP: 9.1%

VA: 2 (4%) VA: 4 (8%) 33 (25.7%)
VP: 7 (9.8%) VP: 5 (7%)

VA: 29%
VP: 53%
P<0.001

VA: 0
VP: 0

VA: 0
VP: 0

VA: 0
VP: 0

Mortality

VA: 1%
VP: 0.5
P=0.7

Primary Revision Shunt

VA: 0.01%
VP: 4%
P<0.05

Distal Catheter Malfunction

--

Proximal Catheter Malfunction

--

VA: 0
VP: 0

VA: 0
VA: 27% VA: 0
VP: 1.5% VP: 26.4% VP: 0
P=0.44
P=0.94

--

VA: 8.1%
VP: 6.6%
P 0.74

--

VA: 3%
P: 5.5%
P>0.05

VA: 19
VA: 10 (6.7%)
VA: 9
VA: 54 (36%)
(12.7%)
VP: 53
VA: 3 (2%) VA: 5 (3.3%) (6%)
VP: 147
VP: 19 (5.5%) (15.3%) VP: 10 (2.9%) VP: 3 (0.9%) VP: 16
(42.5%)
P=0.006
P=0.008
P=0.52
P=0.06
(4.6%)
P=0.18
0.52

VA: 43.2%
VP: 47.1%

--

Not reported

3
(2.3%)

NPH

Not reported

Lam et al.
(1997)
[21]

VA: 14/16
VP: 86/71
P=0.34

NPH

NPH4: 43%
Tumors, including carcinomatous meningitis: 29%
Intracerebral and subarachnoid
VA: 10 (20%) VA: 6 (12%)
hemorrhage: 13%
68 (40.5%) VP: 5 (6%)
VP: 12
Aqueductal stenosis: 3%
(16.9%)
Post-trauma: 2%
Meningitis/Ependymitis/Arachnoiditis: 2%
Congenital: 2%

187
VA: 30
VP: 157

VA: 58/42
VP: 58/42
P=0.94

VA: 0
VP: 2%
P=0.38

USA

VA:74
VP: 73
(years)
P>0.05

VA: 1 (3%)
VP: 5 (3.2%)

McGovern
et al.
(2014)
[8]

USA

496
VA: 150
VP: 346

VA: 41/44
VP: 236/223
P>0.05

VA: 73.7
VP: 76
(years)
P=0.19

Hung et al.
(2017)
[27]

VA: 2.3
VP: 5.3
(years)

H

544
VA: 85
VP: 459

Peritonitis: 52%
Abdominal pseudocyst: 12%
Abdominal adhesions: 7%
Necrotizing enterocolitis: 6%
Acute bowel obstruction: 2%
Ascites: 2%

Rymarczuk
et al.
Columbia
(2020)
[23]

1Ventriculoatrial; 2Ventriculoperitoneal; 3Hydrocephalus; 4Normal-Pressure Hydrocephalus; 5Lumboperitoneal
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The exceedingly rare complications of the VP shunt
placement include ascites, intra-abdominal cyst formation, perforation of a viscous, volvulus and perforation
of the vagina or scrotum. The infection rate of VA placement was reported as high as 30% [31, 44]. Pulmonary
emboli, pleural effusion, superior vena cava, inferior
vena cava occlusions and septicemia are other possible
complications observed in VA placement [45].
Are there more shunt obstruction and revision in VP or
VA shunting?
Reoperations secondary to primary disease and valve
malfunction, proximal and distal obstruction, poor
placement of proximal end, cranial portion malfunction,
and distal-end disconnection were the leading causes
of revision in VA and VP shunting [21]. It was demonstrated that the revision during child growth is less frequently required in patients undergoing VP shunting
than that reported for VA shunting. However, it seems
that the rates of revision are different in various studies. In this regard, several studies are performed on the
pediatric population [31]. Some studies comparing VA
and VP shunting showed no difference in the rates of
shunt obstruction and revision among patients with hydrocephalus [24-26]. Although Olsen et al. observed an
equal revision rate for VA and VP shunting, the mortality
rate of patients with VA shunts was higher than that reported for the cases with VP shunts [25]. In this regard,
a recent study by Rymarczuk et al. confirmed the obtained results of a study by Olsen et al. [23].
In a study by Hung et al., ventricular obstructions
or other morphological abnormalities were reported
based on radiographic findings. The VA shunts were
selected if the patients had previous abdominal procedures, other comorbidities, or better adjustment of
anatomies to VA shunts (e.g. obesity); Otherwise, VP
shunting was performed. They excluded all the patients
with prior shunt treatments. However, it was shown
that the rates of mechanical failures, such as obstruction, were higher among the patients undergoing VP
regard, only nine studies were identified after searching
the three databases. The collected studies were evaluated, and the obtained results are categorized into the
following sections.
Are there more complications with VA or VP shunting in
patients with hydrocephalus?
Multiple studies assessed the complications associated
with VA and VP shunting. Several complications, including infection, shunt obstruction, and subdural hemor-

rhage, are observed due to using both approaches [27].
Based on a study carried out by Fernell et al., the relative risk of shunt obstruction was higher in VA shunts
but only with a low level of statistical significance. Other
complications were equal between VA and VP shunts.
A higher rate of mortality was reported among children
treatment, compared to those reported among the patients who were treated with VA shunts. Nevertheless,
the rate of over drainage was higher among the subjects
undergoing VA shunting but with no significance.
The higher rate of obstruction in VP groups explains
the higher revision rate among these patients. Nonetheless, the findings of a study by Hung et al. and other
studies are contradictory regarding VA shunts with a
higher obstruction rate and need for revision [24, 46].
This difference may be due to a longer time of follow-up
for the VP-shunted group than that reported for previous studies or higher sample size in a study by Hung et
al. or other confounding variables. Therefore, VA shunts
can be considered viable alternatives to VP shunts for
the treatment of NPH patients. The obtained results of
a study by Hung et al. are valuable since the two groups
were matched in terms of demographic information,
and there was no relationship between baseline characteristics and shunt complications. The need for revision and number of revisions did not correlate with age,
gender, and baseline symptoms [27].
A study by Ignelzi et al. compared VP and VA shunt
revisions. Based on the obtained results, most revisions were due to the obstruction of the distal end by
adhesions [7]. At least one revision was performed for
58% and 48% of VP and VA shunting, respectively. They
showed no difference between VP and VA placements
regarding the primary and total rates of revision. Clotting
in the shunt tubing and vascular occlusion of a significant
venous channel due to the hazards of a foreign body in
either the vascular system or peritoneal cavity were the
most common causes of revisions. Although minor measurements under local anesthesia were mainly enough
for VP distal revisions, general anesthesia was necessary
for VA distal revisions. The interval between the initial
placement and first non-elective revision was longer for
the VA placement, compared to that reported for the VP
placement (i.e., 14.1 and 4.8 months).
Moreover, the frequency of shunt placements requiring a revision within the first month was higher in VP
placement (18% and 12%). However, during 2 years of
follow-up, only 3% of VP shunts required a revision. This
rate was calculated at 10% for VA shunts, indicating a
slightly higher rate of revision for VP placement in the
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first month after shunting; however, it is better to require a lower rate of primary revision in a longer period
[7]. In the above study, 18 infections developed from
primary placements. The rate of infection as a cause
of primary revision was 1.6 times higher in VA shunts,
compared to that reported for VP shunts. Although no
mortality was observed, the morbidity rate in terms of
requiring further revision was high [7].
Scarf et al. reported a strong tendency for the VP shunt
placement to become obstructed at the distal end. They
showed that VA shunting has a high incidence of rate of
complications and permanent failures in comparison to
those reported for the VP approach [47]. Moreover, the
revision rates were estimated within the range of 46%78% for VA shunts [48, 49]. Based on the studies performed by Robertson and Little, the rate of revision was
reported within the range of 44%-47% for VP shunting
[31, 44]. The obstruction of the distal end by adhesions
in the above studies was in line with the findings of the
study performed by Ignelzi et al.
The rate of VA shunt revisions was estimated at 10.7%
in a study by Hung et al.; however, it has been reported
within the range of 46%-78% in previous studies [7, 45,
48]. This discrepancy may be due to the different sample sizes of Hung et al., compared to those of previous
studies, which were conducted on patients with multiple etiologies of hydrocephalus [27]. They focused on
adult patients with NPH; nevertheless, most previous
studies were performed on the pediatric population.
On the other hand, the mean follow-up time for the
first revision was very short in the study by Hung et al.,
which may not account for delayed complications and
the need for revision. According to the literature, there
has been no sufficient information on the time of the
first revision, not allowing the comparison of the study
results by Hung et al. with the findings of other studies.
In general, VA shunts have a low rate of revision than VP
shunts suggesting the use of VA shunting as a reasonable treatment option in patients with hydrocephalus.
However, these findings cannot be generalized to all
these patients.

10

Due to the diverse etiologies and symptoms of hydrocephalus in adults, compared to those reported for
newborns, it is proposed to examine the differences in
the complication rates of the two methods (i.e., VA and
VP shunting) in the adult population, compared to those
reported for newborns.
The rate of shunting complications in adult hydrocephalus has been reported within the range of 36%-59% [5,
27, 46, 50]. Based on the literature, there is no difference between VA and VP shunting in the overall rates of
complications among adult patients [1, 7, 8]. Totally, four
studies compared VA and VP shunting in the adult population with NPH. The obtained results of the two studies
showed no difference between VA and VP shunting in
terms of distal and proximal catheter malfunctions. This
factor was not assessed in other studies conducted on
adult patients. Ignelzi et al. reported a significant difference between VA and VP shunting regarding distal and
proximal catheter malfunctions. However, the aforementioned study was performed on both newborns and
adults [7]. In this regard, different results were obtained
in other studies carried out on newborns [24-26].

Are there any differences between the outcomes of VA
and VP shunting in adults and newborns?

The rates of intraventricular hemorrhage and hygroma
were not different in the adult population in terms of VA
and VP shunting [1, 8]. These factors were not compared
in the studies conducted on newborns. Based on two
studies on adults, the infection rate was not different between VA and VP shunting. However, Puca e al. indicated
a higher infection rate in VP shunting than that reported
for VA shunting [22]. Ignelzi et al., in a study performed
on both adults and children, reported a higher rate of
infection in VA shunting than that of VP shunting; nonetheless, it was not statistically compared [7]. In this regard, two other studies conducted on newborns showed
higher rates of infection in VP shunting than those reported for VA shunting [24, 26]. However, this finding
was not corroborated by all studies carried out on newborns [25]. The infection of the endocardium due to VA
or VP shunting can be fatal or lead to long-term damage
to the valves (i.e., thromboembolism) and heart failure
[41]. In patients undergoing VA shunting, the infection
rate was reported within the range of 0%-6% in the adult
population. The rate of infection due to VA shunting is
higher among the pediatric population [8, 21, 45, 51].

There have been few studies assessing the complications of VA shunts in the adult population, and the
majority of existing studies are conducted on the pediatric population. Considering the severe effect of hydrocephalus on the elderly population, the perception of
the complication rate due to shunting is very important.

In McGovern et al. study on the adult population, the
assessment of VA and VP shunting showed no significant differences between the two techniques in terms
of subdural hematomas and shunt obstructions [8].
However, the results of another study performed by
Hung et al. demonstrated a higher rate of a subdural he-
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matoma in VA shunting, compared to that reported for
VP shunting. Moreover, they reported a higher rate of
shunt obstruction in VP shunting than that of VA shunting. It was also shown that age is the only variable negatively correlating with shunt obstruction [27].
Various findings were observed in other studies performed on newborns [24-26]. Regarding primary revision shunting, a higher rate was reported in VA shunting
than VP shunting in the adult population [1, 8, 22]. Nevertheless, no difference was observed in the studies conducted on newborns [24-26]. Moreover, cardiopulmonary complications due to VA shunting have been more
frequently reported in children, not adults [56]. There
were no cardiopulmonary complications in the studies
performed on the adult population, which introduced
VA shunting as a safe alternative to VP shunting [8, 27].
Drocephalus patients
The provision of a safety profile for shunting in the
treatment of hydrocephalus patients is very important.
To the best of our knowledge, VA shunting is an effective
treatment strategy for the management of hydrocephalus. However, it is accompanied by cardiopulmonary
complications, which may increase the risk of thromboembolism [52]. Pulmonary hypertension and cor pulmonale may be developed due to subsequent chronic and
recurrent pulmonary embolisms [41]. Although the rate
of pulmonary hypertension resulting from VA shunting
is less than 1% [53] due to the high morbidity and mortality of thromboembolism, this treatment is used as a
backup option after not responding to other treatment
approaches including the use of VP shunts. Based on a
study performed by Ignelzi et al., although differences
in the rates of primary and total revisions between the
placements were not statistically significant, VA shunt
failures were reported with a higher rate of morbidity
than the VP placements. Fernell et al. concluded that
despite the higher risk of infection in VP shunting, this
approach is still a safer choice than VA shunting [24].
Because of the technical challenges associated with
the insertion of VA shunts and associated complications, the use of VP shunts is more common in comparison to that of VA shunts in patients with hydrocephalus
[3]. However, in subjects with abdominal factors, such
as previous abdominal procedures, complications due
to prior VP shunting, cirrhosis-related ascites, and peritoneal infections and pseudocysts, VA shunting is the
preferred choice [11, 14, 15, 54, 55].

The VA shunting has some progressions in comparison
to VP shunting. This approach allows an intraoperative
confirmation of placement location and consistent low
pressure [8]. Because of the global obesity epidemic, the
advantages of VA shunting should be considered in the
treatment of adult patients with NPH [57]. Moreover,
the frequency of abdominal surgeries is higher among
adult patients preventing them from undergoing VP
shunting. The frequency of abdominal surgery among
the population over 65 years was estimated at 43.8%
[58], making VP shunting more difficult for them due to
their intraabdominal pathology. Therefore, VA shunting
may be introduced as a suit adult patients with NPH. McGovern et al. also described VA shunting as safe as VP
shunting for NPH patients. However, there are still unanswered questions about the use of the VA method [8].
The papers published between 1975 and 2017 were
included in this study to investigate whether the standards of care for the treatment of patients with hydrocephalus undergoing shunting have been changed over
time. Based on the obtained results, about 3%-10% of
patients undergoing VA shunting died in most studies
conducted within 1975-97 [24-26]. Moreover, 5.3% of
patients undergoing VA shunting died [24]. However, no
mortality has been reported in the studies conducted
in recent years. In addition, the rate of infection was
higher in earlier studies [8, 23, 27], which can be due
to increasing care standards in hydrocephalus patients
undergoing shunting. In general, the first treatment of
choice is VA shunting. The external jugular vein or facial
vein is a more common choice for distal catheter insertion to the atrium. Before shunting, all patients should
be investigated for the foci of infection and laboratory
parameters, such as white blood cell countand C-reactive protein. Furthermore, two or more negative cerebrospinal fluid cultures of bacterial growth should be
performed in cases with the previous implantation of
the external ventricular drainage [59].

5. Conclusion
Although the primary and total revision rates of VP and
VA placements are not different, the complications of
VP shunting are less life-threatening with lower rates of
morbidity and ease of correction. The use of VP shunts
should be considered the first line of treatment of hydrocephalus. Nevertheless, this approach has been preferred in newborns, and there is not enough data on the
adult population. The VA shunting can be regarded as an
effective alternative to VP shunting, especially in patients
with contraindications to abdominal catheter placement.
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