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E MAIN POINTS EABSTRACT

Programmable valve systems were
associated with significantly lower
mortality rates compared to stan-
dard valves in adult VPS patients.

Hydrocephalus due to intracranial
hemorrhage  demonstrated a
near-significant association with
increased mortality, highlighting
the need for targeted follow-up.

Both early and late complication
rates were 13.6%, with overdrainage
and shunt infection being the most
common, respectively.

The study supports programmable
shunt use and individualized patient
monitoring to improve outcomes in
high-risk hydrocephalus cases.

Aim: The aim of our study is to retrospectively analyze the incidence of postoperative com-
plications in adult patients who underwent ventriculoperitoneal shunt (VPS) surgery for hydro-
cephalus and to identify clinical, demographic, and surgical predictors of mortality.

Materials and Methods: This is a single-center retrospective analysis including 44 patients aged
18 years and older who underwent primary or revision VPS surgery between September 2021
and January 2025. Data including demographic characteristics, comorbidities, hydrocephalus
etiology, type of shunt (programmable vs. standard), clinical presentation, early and late com-
plications, and mortality were collected and analyzed. Statistical analysis involved independent
t-tests and chi-square or Fisher's exact tests as appropriate.

Results: The mean patient age was 68.8 + 10.8 years, with a mortality rate of 29.5% observed
during follow-up. Early and late complication rates were each 13.6%. Over-drainage (9.1%)
was the most common early complication, while shunt infection (6.8%) predominated among
late complications. Mortality was significantly higher in patients with standard valves (61.5%)
compared to those with programmable valves (38.5%, p<0.001). Hydrocephalus secondary to in-
tracranial hemorrhage was associated the highest rate and it was slightly above the significance
level (30.8%, p=0.053).

Conclusion: The type of shunt system and hydrocephalus etiology, particularly intracranial
hemorrhage, were identified as the most significant predictors of mortality. The use of pro-
grammable valve systems and close monitoring of high-risk patients may improve outcomes.

Cite this article as: Tamdogan T,
Tamdogan |, Ondul S. Evaluation of
postoperative complications and mortality
predictors in adult patients undergoing
ventriculoperitoneal shunt surgery: A
retrospective single-center study. Ann
Med Res. 2025;32(12):560--565.  doi:
10.5455/annalsmedres.2025.06.145.

Keywords: Neurosurgery

. Ventriculoperitoneal shunt, Hydrocephalus, Postoperative complications,

Received: Jun 10,2025 Accepted: Sep 29,2025 Available Online: Dec 25, 2025

Copyright © 2025 The author(s) - Available online at annalsmedres.org. This is an Open

Access article distributed under the terms of Creative Commons Attribution-NonCommercial-
NoDerivatives 4.0 International License.

B INTRODUCTION

Hydrocephalus is a significant neurological disorder originat-
ing from the central nervous system. It may result from
any pathology that affects the production, circulation, or ab-
sorption of cerebrospinal fluid (CSF). This condition may be
linked to various etiologies, including intraventricular hem-
orrhage, congenital anomalies, brain tumors, infections such
as meningitis, and head trauma. The main characteristics of
hydrocephalus are pathological dilation of the ventricular sys-
tem and subarachnoid space, potentially leading to substan-

tial neurological sequelae due to increased intracranial pres-
sure [1,2].

Currently, surgical interventions are the mainstay of the man-
agement of hydrocephalus, with ventriculoperitoneal shunt
(VPS) placement being the most frequently employed tech-
nique. This procedure is designed to redirect cerebrospinal
fluid (CSF) from the intraventricular space to the peritoneal
cavity, thereby alleviating intracranial pressure. VPS is re-
garded as a life-saving intervention, particularly for patients
who do not respond to conventional treatments or those ex-
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periencing acute elevations in intracranial pressure. The lit-
erature indicates that shunt placement significantly reduces
postoperative mortality rates [3,4]. However, despite the suc-
cess of this surgical technique, the relatively high incidence of
postoperative complications necessitates shunt revisions, re-
sulting in considerable morbidity and increased hospital costs.
Due to their invasive nature and external components, shunt
systems are susceptible to various complications, including in-
fections, mechanical obstructions, over-drainage, shunt mi-
gration, and peritoneal complications [5-7]. Various studies
have reported complication rates of up to 30-40% associated
with shunt systems [8].

These complications not only contribute to surgical failure
but also adversely aftect clinical prognosis by increasing hos-
pital readmission rates, prolonging ICU stays, and elevating
healthcare costs [9]. Repeated shunt revisions, in addition
to imposing a financial burden on the healthcare system, sig-
nificantly impact the psychosocial well-being of patients [10].
The primary objective of this study is to retrospectively ascer-
tain the incidence of postoperative complications in adult pa-
tients undergoing VPS surgery and to analyze the potential
effects of demographic, clinical, and surgical variables on mor-
tality. The findings aim to contribute to the guide the strate-
gies that may mitigate the risk of shunt-related complications
and to provide guidance for clinical practices aimed at improv-
ing patient outcomes.

B MATERIALS AND METHODS

This investigation constitutes a single-center retrospective
analysis of patients who underwent ventriculoperitoneal
shunt (VPS) surgery at our clinic. The study protocol was ap-
proved by the Ethics Committee of Giresun Training and Re-
search Hospital (Ethics Committee Date/Approval Number:
28.05.2025/15) and was conducted in accordance with the
ethical principles delineated in the Declaration of Helsinki.
Given the retrospective nature of the study, informed consent
was not obtained from the patients.

Study population

The study included patients who underwent VPS surgery at
our clinic between September 2021 and January 2025. Inclu-
sion criteria encompassed individuals aged >18 years, those
who had undergone primary or revision VPS surgery, and
those with complete medical records. Patients who received
non-VPS hydrocephalus treatment or had incomplete clinical
data were excluded from the study.

Data collection and evaluation

All data were retrospectively obtained using the hospital au-
tomation system and patient medical records. Recorded vari-
ables included demographic characteristics (age, sex), comor-
bid conditions, etiology of hydrocephalus (congenital, ac-
quired, normal pressure, etc.), clinical presentation at admis-
sion, nature of the surgery (primary or revision), and type
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of shunt used (programmable or standard valve). Addition-
ally, early (<30 days) and late (>30 days) shunt dysfunc-
tions, mechanical complications (such as obstruction, frac-
ture, or migration of the shunt system), infectious complica-
tions (such as meningitis or peritonitis), and over-drainage-
related pathologies (such as subdural hematoma or slit ventri-
cle syndrome) were evaluated along with mortality rates. All
data were recorded in a standardized data collection form for
analysis.

Statistical analysis

Descriptive statistics were reported as mean, standard devia-
tion, median, minimum, and maximum values for continu-
ous variables, and as frequency and percentage for categori-
cal variables. The distribution of variables was evaluated us-
ing the Kolmogorov-Smirnov and Shapiro-Wilk tests. For
normally distributed quantitative variables, mean values were
compared using the independent samples t-test. For categor-
ical independent variables, the chi-square test was employed.
In cases where the assumptions of the chi-square test were not
met, Fisher’s exact test was applied. Statistical significance was
set at p < 0.05. All statistical analyses were conducted using
IBM SPSS Statistics version 28.0 (Armonk, NY: IBM Corp.).
A post hoc power analysis for the mortality—shunt type asso-
ciation (y* test, df = 1; o = 0.05; N = 44; group proportions
20.5% vs. 79.5%; assumed effect size w = 0.50) using G*Power
3.1.9.4 yielded an achieved power of 0.91.

B RESULTS

A total of 44 patients participated in the study. The mean
age was 68.8 +10.8 years, with a median age of 69.5 years.
In terms of gender distribution, 54.5% (n=24) of the patients
were male, while 45.5% (n=20) were female. Comorbidities
were present in the 95.5%of cases. The most prevalent co-
morbidities included hypertension (84.1%), coronary artery
disease (27.3%), diabetes mellitus (20.5%), Alzheimer’s disease
(15.9%), and other systemic disorders (50.0%) (Table 1). Re-
garding the type of hydrocephalus, 81.8% of the cases were
diagnosed with communicating hydrocephalus, and 18.2%
with obstructive hydrocephalus. Hemorrhage was identified
as the most common etiology (13.6%), followed by trauma
(9.1%), tumors (6.8%), and infections (2.3%). The most
frequently reported presenting symptoms were gait distur-
bances (81.8%), altered mental status (79.5%), and urinary
incontinence (79.5%). Headache (34.1%) and nausea/vom-
iting (9.1%) were less commonly observed (Table 1). Pro-
grammable valves were utilized in 79.5% of patients, whereas
standard valves were employed in 20.5%.
was unnecessary in 90.9% of the patients; only four patients
(9.1%) required a single revision. Additionally, five patients
(11.4%) underwent external ventricular drainage (EVD) prior
to shunt surgery (Table 1).

Shunt revision

In the early postoperative period, the overall complication
rate was observed to be 13.6%. The most prevalent com-
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Table 1. Demographic data and clinical descriptors.
Min-Max Median Mean £ SD n - %
Age 44.0-93.0 69.5 68.8110.8
Gender Female 20 - 45.5%
Meal 24 - 54.5%
. No 2 - 4.5%
Comorbidities Ves 0 ) 95 59%
Hypertension (HT) 37 - 84.1%
Coronary artery disease 12 - 27.3%
Diabetes mellitus (DM) 9 - 20.5%
Alzheimer’s disease 7 - 15.9%
Others 22 - 50.0%
Type of Hydrocephalus
Communicative 36 81.8%
Obstructive 8 18.2%
Post-traumatic 4 9.1%
Infectious 1 2.3%
Hemorrhagic 6 - 13.6%
Tumor-related 3 - 6.8%
Gait disturbance 36 - 81.8%
Altered mental status 35 - 79.5%
Presenting Symptoms Urinary incontinence 35 - 79.5%
Headache 15 - 34.1%
Nausea/Vomiting 4 - 9.1%
Standard 9 - 20.5%
Shunt Type Programmable 35 - 79.5%
Shunt Revision Performed 4 - 9.1%
External Ventricular Drain (EVD) 5 - 11.4%
Table 2. Complication and mortality rates.
n %
—_— No 38 86.4%
Early Complications Yes 6 13 6%
- Shunt Obstruction 1 2.3%
- Overdrainage 4 9.1%
- Shunt Infection 1 2.3%
-~ No 38 86.4%
Late Complications Yes 6 13 6%
- Shunt Obstruction 1 2.3%
- Migration 1 2.3%
- Overdrainage 1 2.3%
- Shunt Infection 3 6.8%
Mortality Rate 13 29.5%

plication was over-drainage (9.1%), followed by shunt ob-
struction (2.3%) and shunt infection (2.3%) as other early
complications. Late complications occurred at an equivalent
rate (13.6%), with shunt infection being the most frequently
observed (6.8%), followed by shunt migration (2.3%), over-
drainage (2.3%), and shunt obstruction (2.3%). During the
follow-up period, the mortality rate was determined to be
29.5% (13 patients) (Table 2). Mortality rates were signifi-
cantly higher (p < 0.05) in patients with standard valves (Ta-
ble 3).

Upon analyzing variables associated with mortality, a statis-
tically significant difference was observed exclusively concern-
ing the type of ventriculoperitoneal shunt (VPS) utilized. The
mortality rate was notably lower among patients who received
programmable shunts (38.5%), in contrast to those who re-
ceived standard valve shunts, which exhibited a mortality rate
of 61.5% (p<0.001) (Table 3). In the analysis based on the eti-
ology of hydrocephalus, the mortality rate for patients with
hemorrhagic hydrocephalus was 30.8%, approaching statisti-
cal significance (p = 0.053). Although the mortality rates for
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Table 3. Variables associated with mortality.

Mortality (-) (n:31) Mortality (+) (n:13) p
Age (Mean1SD) 67.4110.4 72.2+11.2 0.179¢
n % n %
Female 16 51.6% 4 30.8% 2
Gender Male 15 48.4% 9 69.2% 0.205¢
s No 1 3.2% 1 7.7% 2
Comorbidities Yes 30 96.8% 12 92.3% 0.508x
Type of Hydrocephalus
Communicative 27 87.1% 9 69.2% 0.161%
Obstructive 4 12.9% 4 30.8% '
-Post-traumatic 1 3.2% 3 23.1% 0.071¢
-Infectious 0 0.0% 1 7.7% 0.295x*
-Hemorrhagic 2 6.5% 4 30.8% 0.053%
-Tumor-related 1 3.2% 2 15.4% 0.204x*
Standard 1 3.2% 8 61.5% 2
Shunt Type Programmable 30 96.8% 5 38.5% <0.001
_— No 28 90.3% 10 76.9% 2
Early Complications Yes 3 9.7% 3 231% 0.339x
- Shunt Obstruction 0 0.0% 1 7.7% 0.295¢*
- Migration 3 9.7% 1 7.7% 1.000¢
- Overdrainage 0 0.0% 1 7.7% 0.295x*
L No 27 87.1% 11 84.6% 2
X
Late Complications Yes 4 12.9% 9 15.4% 1.000
- Shunt Obstruction 1 3.2% 0 0.0% 1.000¢*
- Migration 0 0.0% 1 7.7% 0.295x*
- Overdrainage 1 3.2% 0 0.0% 1.000%*
- Shunt Infection 2 6.5% 1 7.7% 1.000%

* Independent samples t-test/ x* Chi-square test (Fisher’s exact test).

patients with trauma-related (23.1%) and tumor-related hy-
drocephalus (15.4%) were higher compared to other etiolog-
ical causes, these differences did not achieve statistical signifi-

cance (p = 0.071 and p = 0.204, respectively) (Table 3).

B DISCUSSION

In this retrospective study, clinical findings, postoperative
complications, and mortality rates were analyzed in adult pa-
tients who underwent VPS surgery for the treatment of hy-
drocephalus. While our findings are generally consistent with
those reported in the literature, some results offer unique con-
tributions.

The most frequently symptoms in our study were gait dis-
turbances (81.8%), cognitive changes (79.5%), and urinary
incontinence (79.5%), which are characteristic symptoms of
normal pressure hydrocephalus (NPH). This supports the
clinical presentation typically observed in elderly individu-
als with NPH [11]. Headache (34.1%) and nausea/vomit-
ing (9.1%), which are signs of elevated intracranial pressure,
were observed at lower rates. The lower frequency of these
findings aligns with the predominance of communicating hy-
drocephalus (81.8%) in our cohort. In cases where the clin-
ical condition deteriorated rapidly and hydrocephalus pre-
sented acutely, 11.4% of patients required external ventricular
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drainage (EVD). Given that NPH generally has an insidious
onset and progresses slowly, delays in diagnosis are common
and may contribute to increased neurological damage. There-
fore, early recognition of these characteristic symptoms is cru-
cial, especially in individuals at risk [12].

Complications associated with shunt surgery continue to
pose significant challenges in the management of hydro-
cephalus. In our study, the overall incidence of both early and
late complications was determined to be 13.6%, aligning with
the 10-30% range documented in existing literature. The
presence of complications during both early and late stages
underscores the importance of long-term follow-up. In a
systematic review of 28 studies published between 2006 and
2010, Tomaetal. [13] reported a surgical complication rate of
8.2%. Moreover, multicenter prospective cohort studies have
documented serious complication rates ranging from 15% to
22% [14,15]. Standardization of surgical techniques, appro-
priate selection of shunt materials, and improvement of post-
operative monitoring protocols are critical to reducing com-
plication rates.

Shunt infection remains a prevalent and serious complication
associated with shunt surgery. Infection rates in the pedi-
atric population are typically reported to range from 5% to
15%, whereas in adult patients, this rate varies between 3%
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and 10% [4,7,16]. Although the rates are technically lower
in adults, they are influenced by factors such as immune sta-
tus, the materials used, antibiotic prophylaxis, and revision
surgery [13,17]. In our study, the early shunt infection rate
was 2.3%, while the late infection rate was 6.8%. This find-
ing suggests that infections are not confined to the perioper-
ative period and pose a significant risk even during long-term
follow-up. The disparity between early and late infection rates
indicates that the etiology of infections may evolve over time,
necessitating the optimization of late follow-up protocols.

The most prevalent early complication identified was over-
drainage (9.1%), commonly attributed to the siphon effect,
inappropriate selection of valve systems, or inadequate per-
sonalization of valve pressure settings. The literature indi-
cates that over-drainage is more frequently observed in the
early postoperative period [13,18]. In standard valve systems,
the inability to adjust pressure heightens the risk of compli-
cations. Conversely, programmable valve systems are specif-
ically engineered to mitigate over-drainage. Despite the ex-
tensive use of programmable shunts in our study, early over-
drainage (9.1%) was still more prevalent than in the later pe-
riod (2.3%). This may be attributed to the challenges in deter-
mining the optimal valve pressure for the patient during the
initial stages. Factors such as the patient’s age, cerebrospinal
fluid (CSF) production rate, body position, and type of hy-
drocephalus can influence the ideal valve pressure. This sug-
gests that, notwithstanding the theoretical advantages of pro-
grammable shunts, identifying the most appropriate valve
pressure for the patient may necessitate time. The literature
suggests that the effectiveness of programmable systems in re-
ducing complications becomes more apparent once optimal
pressure settings are achieved [19,20].

In our study, the overall mortality rate was 29.5%, and a sta-
tistically significant association was observed between shunt
type and mortality (p = .000). Specifically, the mortality rate
was 38.5% among patients with programmable shunts, com-
pared to 61.5% in those with standard valve systems. This
finding indicates that programmable systems may be more ef-
fective in regulating intracranial pressure, thereby preventing
complications and enhancing overall survival. The literature
contains a limited number of studies that directly compare
mortality rates between programmable and standard shunt
systems. In a retrospective cohort study by Chen et al. [21]
programmable and standard valves were compared in adult
patients with various etiologies of hydrocephalus, revealing
that programmable valve systems reduced the need for revi-
sion and mortality. Similarly, a study by McGirt et al. [22]
conducted in pediatric hydrocephalus patients demonstrated
that programmable valve systems reduced the risk of proximal
shunt obstruction and revision rates compared to standard
systems, although mortality rates were not directly assessed.

Consequently, it can be inferred that programmable valve
systems may reduce mortality indirectly by decreasing com-
plication rates and the need for revision. Thus, the imple-
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mentation of programmable valve systems in high-risk patient
groups may represent a significant treatment strategy for im-
proving clinical outcomes.

On the other hand, although the mortality rate was lower
in the programmable shunt group in our study, the majority
of deaths were found to be unrelated to direct shunt-related
complications. Among the 13 patients who died, 3 cases were
due to sepsis, 2 to multiple trauma, 1 to massive intracranial
hemorrhage, and 1 to malignant brain tumor. In the remain-
ing 6 patients, death occurred due to deterioration in general
condition following shunt surgery, primarily attributed to ad-
vanced age and pre-existing cardiovascular/metabolic comor-
bidities. This finding suggests that mortality is not solely in-
fluenced by surgical complications but is also significantly af-
fected by the patients’ systemic health status and coexisting
medical conditions.

In the assessment of etiological factors, mortality approached
statistical significance in instances of hydrocephalus sec-
ondary to intracranial hemorrhage (30.8%, p = 0.053). This
finding indicates that hemorrhage-related hydrocephalus is as-
sociated with a poorer prognosis, necessitating closer mon-
itoring and individualized treatment strategies for these pa-
tients. Corroborating this, a comprehensive database analysis
by Nadel et al. [23] also identified significantly elevated mor-
tality rates in cases of hydrocephalus following hemorrhage.
Although early and late complications did not exhibit a sta-
tistically significant association with mortality, the early com-
plication rate was notably higher among patients who suc-
cumbed (23.1% vs. 9.7%), which is clinically significant. The
literature suggests that early postoperative complications, par-
ticularly infections and drainage-related issues, may adversely
affect long-term prognosis [4,16].

Limitations

The limitations of this study include its single-center, retro-
spective design and relatively small sample size. Addition-
ally, variations in surgical techniques, practitioner experience,
and details regarding antibiotic prophylaxis, which may con-
tribute to shunt failure, were not uniformly documented
across all patients. Nevertheless, our findings offer original
contributions that may inform future large-scale, prospective
studies.

B CONCLUSION

In conclusion, our study identified shunt type and the etiol-
ogy of hydrocephalus, particularly intracranial hemorrhage,
as the variables exerting the most significant impact on mortal-
ity. The adoption of programmable valve systems and the im-
plementation of a multidisciplinary approach for closer mon-
itoring of patients with bleeding etiology emerge as crucial
strategies to mitigate mortality rates.

This study underscores that complication rates following VPS
surgery remain a significant clinical concern and that certain
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modifiable factors, particularly shunt type, influence mortal-
ity. Based on the data obtained, it is posited that the use of
a programmable valve system may be advantageous in reduc-
ing complication rates, especially in adult patients with ad-
vanced age and comorbidities. In cases of hydrocephalus sec-
ondary to intracranial hemorrhage, structured follow-up pro-
tocols should be developed to facilitate closer clinical moni-
toring and early intervention. Multicenter, prospective stud-
ies with larger sample sizes in this domain will enhance the
generalizability of the data obtained and provide more robust
evidence for clinical practice.
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