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OBJECTIVE  Hydrocephalus is one of the most common brain disorders, yet a reliable assessment of the global burden 
of disease is lacking. The authors sought a reliable estimate of the prevalence and annual incidence of hydrocephalus 
worldwide.
METHODS  The authors performed a systematic literature review and meta-analysis to estimate the incidence of 
congenital hydrocephalus by WHO region and World Bank income level using the MEDLINE/PubMed and Cochrane 
Database of Systematic Reviews databases. A global estimate of pediatric hydrocephalus was obtained by adding ac-
quired forms of childhood hydrocephalus to the baseline congenital figures using neural tube defect (NTD) registry data 
and known proportions of posthemorrhagic and postinfectious cases. Adult forms of hydrocephalus were also examined 
qualitatively.
RESULTS  Seventy-eight articles were included from the systematic review, representative of all WHO regions and each 
income level. The pooled incidence of congenital hydrocephalus was highest in Africa and Latin America (145 and 316 
per 100,000 births, respectively) and lowest in the United States/Canada (68 per 100,000 births) (p for interaction < 0.1). 
The incidence was higher in low- and middle-income countries (123 per 100,000 births; 95% CI 98–152 births) than in 
high-income countries (79 per 100,000 births; 95% CI 68–90 births) (p for interaction < 0.01). While likely representing 
an underestimate, this model predicts that each year, nearly 400,000 new cases of pediatric hydrocephalus will develop 
worldwide. The greatest burden of disease falls on the African, Latin American, and Southeast Asian regions, accounting 
for three-quarters of the total volume of new cases. The high crude birth rate, greater proportion of patients with postin-
fectious etiology, and higher incidence of NTDs all contribute to a case volume in low- and middle-income countries that 
outweighs that in high-income countries by more than 20-fold. Global estimates of adult and other forms of acquired 
hydrocephalus are lacking.
CONCLUSIONS  For the first time in a global model, the annual incidence of pediatric hydrocephalus is estimated. Low- 
and middle-income countries incur the greatest burden of disease, particularly those within the African and Latin Ameri-
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Hydrocephalus is the most common childhood 
brain disorder and among the most common en-
tities addressed by neurosurgeons. Associated 

with a variety of etiologies and with competing theories 
of pathophysiology, untreated hydrocephalus might result 
in macrocephaly, cognitive dysfunction, and even death. 
Once diagnosed, treatment consists of CSF diversion by 
means of a shunt or third ventriculostomy, performed by a 
surgeon adept at the management of hydrocephalus.

Geographic disparities in hydrocephalus incidence 
have been demonstrated. In sub-Saharan Africa, Warf et 
al. estimated an annual incidence of more than 225,000 
new cases of infant hydrocephalus, the majority likely 
resulting from neonatal or childhood CNS infection.96,99 
This would translate into approximately 750 new cases 
per 100,000 live births. In contrast, Munch et al. recently 
calculated an incidence of 110 cases of infantile hydro-
cephalus per 100,000 live births in a European cohort.62 
Generally, hydrocephalus diagnosed during childhood 
represents a chronic disease that is carried into adulthood 
and requires continued CSF diversion. Adult-onset hydro-
cephalus can result from tumor-related obstruction, infec-
tion, trauma, and idiopathic causes (e.g., normal pressure 
hydrocephalus [NPH]).

A reliable estimate of the global burden of hydrocepha-
lus has remained elusive because of the combined result of 
sparse population-based data, competing definitions, un-
derdiagnosis and underreporting, and radiographic limita-
tions in resource-poor settings. While difficult to measure, 
understanding the scope of the problem is essential to 
any coordinated, multinational public health effort. This 
is particularly true in many low-income countries where 
children, who are at higher risk for hydrocephalus, con-
stitute a near majority of the populace.10 In this report, we 
aggregate data from a systematic review of the literature 
to estimate region-specific incidence figures via a meta-
analysis, ultimately culminating in a global estimation of 
the incidence of childhood hydrocephalus. Data regard-
ing the incidence of adult hydrocephalus are summarized 
qualitatively and contextualized in relation to the litera-
ture shortcomings.

Methods
Systematic Review

Our review was conducted in accordance with the 
guidelines outlined by the PRISMA (Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses) 
statement.58 Consistent with the methodology proposed 
by the Pediatric Hydrocephalus Systematic Review and 
Evidence-Based Guidelines Task Force,7 a comprehensive 
literature search was conducted using the MEDLINE/

PubMed database and the Cochrane Database of Sys-
tematic Reviews in September 2016 to capture studies 
published between 1990 and 2016. The full list of search 
terms, which aimed to capture region-specific epidemio-
logical data on hydrocephalus, can be found in the Appen-
dix. Briefly, MeSH and title/abstract terms were included 
to maximize inclusion of any article related to hydroceph-
alus epidemiology (e.g., incidence, prevalence, burden, 
mortality) published in countries recognized by the World 
Bank. An initial set of reviewers screened the titles (A.R. 
and L.J.G.) and abstracts (A.R. and L.J.G.) of resulting ar-
ticles. Included papers contained epidemiological data for 
a given population pertaining to hydrocephalus volume 
(incidence, prevalence), hydrocephalus burden of disease 
(including disability-adjusted life years, years of life lost, 
and years lost due to disease), or hydrocephalus etiology 
proportion. Case reports, case-control studies, compari-
son studies, randomized controlled trials, commentaries, 
historical articles, and practice guidelines were excluded. 
Discrepancies between article inclusion and exclusion 
were resolved by an arbiter (M.C.D.) before full-text re-
view. At a subsequent stage, a review team (A.R., L.J.G., 
and M.C.D.) obtained the full-text articles and performed 
data extraction. At both the abstract review and full-text 
review stages, reviewers jointly reviewed a random sub-
set of articles to ensure selection accuracy, and this pro-
cess was repeated until a general consensus was reached 
across all reviewers. During this stage, article references 
were also cross-checked for relevant cited studies, which 
were included if they fulfilled the selection criteria. A de-
tailed account of the inclusion/exclusion process is shown 
in Fig. 1.

The methodological quality of each study was rated 
on a 6-point scale from lowest (0—not population-based, 
small sample size) to highest (5—population-based, large 
sample size).25 To account for publication bias from high-
income countries, a relatively lower score was accepted as 
a minimal inclusion threshold for published papers from 
low- and middle-income countries.

Meta-Analysis
Data analysis was performed using Comprehensive 

Meta-Analysis (version 3, Biostat, Inc.) and Stata14 soft-
ware. The random-effects model according to the method 
of DerSimonian and Laird that accounted for variation 
between studies in addition to within-study variance was 
used to obtain the overall incidence estimates and the 95% 
confidence intervals.17 Forest plots were generated to visu-
alize the individual and summary estimates. Heterogene-
ity was evaluated among studies using the Cochran’s Q 
test (p < 0.10) and I2 statistic to measure the proportion of 
total variation due to that heterogeneity. An I2 > 50% was 

can regions. Reliable incidence and burden figures for adult forms of hydrocephalus are absent in the literature and 
warrant specific investigation. A global effort to address hydrocephalus in regions with the greatest demand is imperative 
to reduce disease incidence, morbidity, mortality, and disparities of access to treatment.
https://thejns.org/doi/abs/10.3171/2017.10.JNS17439
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considered to be high.35 Potential sources of heterogene-
ity were explored using subgroup analyses by categorical 
covariates: individual WHO region and binary income 
level (high-income countries [HICs] and low- and middle-
income countries [LMICs]). A univariate meta-regression 
was conducted on study quality (continuous) and income 
level (binary) for each WHO region to explore sources of 
heterogeneity. Potential publication bias was assessed us-
ing funnel plots, Egger’s linear regression test, and Begg’s 
correlation test. If publication bias was indicated, the num-
ber of missing studies was evaluated by the trim and fill 
method. A p value < 0.05 was considered significant, un-
less otherwise indicated.

Incorporating Variants of Infant Hydrocephalus
The majority of source papers reported congenital 

hydrocephalus or described disease states most closely 
representing this classification of disease. To deliver the 
most accurate picture of childhood hydrocephalus, several 
methods were employed to supplement the data with the 
contribution of other common forms of hydrocephalus, 
including neural tube defect (NTD)–related hydrocepha-
lus (typically omitted from estimates of congenital hydro-
cephalus), posthemorrhagic hydrocephalus (PHH), and 
postinfectious hydrocephalus (PIH).

The Epi Visualization tool of the Institute for 
Health Metrics and Evaluation (IHME) (https://vizhub.
healthdata.org/epi/) and the World Bank crude birth 

rate data (https://data.worldbank.org/indicator/SP.DYN.
CBRT.IN) were used to obtain estimates for the contribu-
tion of NTDs to the overall volume of childhood hydro-
cephalus. Data from member countries within each WHO 
region and each income level were averaged to deliver a 
single birth incidence estimate of severe NTDs (Supple-
mental Table 1). Approximately 70% of patients with se-
vere NTDs are anticipated to develop hydrocephalus.57 
After accounting for region- and income-specific annual 
birth figures, the NTD-related hydrocephalus figure was 
added to the congenital cases (Table 1).

Similarly, estimates for PHH were added to the overall 
childhood hydrocephalus estimate (Table 1). Reliable inci-
dence estimates for PHH of prematurity only existed for 
high-income locations and were estimated previously.100 
Briefly, approximately 1.4% of live births in the United 
States are considered very low birth weight (< 1500 g)16 
and 5%–10% of very low birth weight infants suffer high-
grade (III or IV) intraventricular hemorrhage, 30%–40% 
of whom develop hydrocephalus.53,101 Therefore, approxi-
mately 38 neonates will develop PHH of prematurity for 
every 100,000 live births. To maintain conservatism in 
our estimates, LMICs (and regions with a predominance 
of LMICs) were assumed to incur a negligible burden of 
PHH.

Finally, PIH was incorporated into the global estimate. 
Since regional incidence figures do not exist, we relied on 
known proportions from Africa, wherein 60% cases of 
infantile hydrocephalus have been shown to be PIH.96 To 

FIG. 1. PRISMA flow diagram. Seventy-eight articles were incorporated into the review from a total of 1711 titles.
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deliver a conservative estimate, we assumed that HICs and 
regions with predominantly HICs experience a negligible 
volume of PIH, and that the remaining non-African LMIC 
regions observe PIH in 30% of total childhood hydro-
cephalus (C. Deopujari, personal communication) (Table 
1). For income level designations, the weighted average of 
proportions was taken for all non–AMR-US/Can and non-
EUR regions (0.386) and applied to the total hydrocepha-
lus case number (Table 2).

Data Reporting
Descriptive statistics are reported as proportions of 

a population and as medians (interquartile range [IQR]) 
where appropriate. Because the majority of childhood 
hydrocephalus studies reported incidence in relation to 
birth figures, the pooled incidence here was reported per 
100,000 births. The total number of expected births for 
each region was summed from figures reported by the 
World Bank data library.99 NPH was considered separate-
ly from pediatric and congenital forms of hydrocephalus, 
given the heterogeneity and to avoid misrepresentation of 
the reported findings.

To deliver a geographic breakdown of disease, results 
were organized and presented in relation to the WHO re-
gion from which each study was conducted. WHO regions 
were classified as follows: African Region (AFR), Region 
of the Americas (here, divided into Latin America [AMR-
L] and United States/Canada [AMR-US/Can]), South-East 
Asia Region (SEAR), European Region (EUR), Eastern 
Mediterranean Region (EMR), and Western Pacific Re-
gion (WPR) (http://www.who.int/about/regions/en/). In-
come level for each country was categorized by the World 
Bank using gross national income per capita (https://data-
helpdesk.worldbank.org/knowledgebase/articles/906519-
world-bank-country-and-lending-groups).

Results
Literature Yield

The initial PubMed literature search yielded 1711 ar-
ticles, 40 of which were animal studies and removed (Fig. 
1). After a review of titles, 1346 articles were excluded if 
they 1) were conducted before 1990, 2) were randomized 
trials (e.g., interventional, comparative studies), 3) were 
long-term outcomes or sequelae studies, or 4) analyzed 
associated factors or pathogenesis. Two reviewers then in-
dependently reviewed abstracts (A.R. and L.J.G.) of the 
remaining 225 articles and applied the inclusion criteria 
stated above. A total of 126 full-text articles were fully 
examined, and 56 articles were removed for the reasons 
outlined in Fig. 1. The majority were excluded for one of 
two reasons: 1) disease incidence or prevalence was not 
explicitly reported, or there was insufficient affected/
unaffected population data to allow reliable calculation 
thereof, or 2) the study focused on a specific subpopula-
tion, such as a single variant of hydrocephalus (e.g., tu-
mor-related hydrocephalus), or a nonrepresentative demo-
graphic cohort. Review of each paper’s reference section 
added an additional 8 relevant papers, yielding a total of 
78 papers included in this review (Supplemental Table 
1).1–6,​8,9,11,12,14,15,19–24,26–30,31–34,36–40,42,44–47,49–51,54,55,​59,​60,​62–64,66–69,​TA
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72,​73,75–77,79,81,83,85–87,90,91,93,102,103–106 The Cochrane Database of 
Systematic Reviews yielded zero relevant articles. Char-
acteristics of papers and relevant considerations are noted 
in Supplemental Table 1.

The search results yielded studies well representative of 
the global community with reports from 34 countries on 6 
continents with all WHO regions represented: AFR = 8 (12 
studies), AMR-L = 2 (2 studies), AMR-US/Can = 2 (8 stud-
ies), EMR = 4 (8 studies), EUR = 12 (32 studies, in which 
2 studies incorporated multiple EUR countries), SEAR = 1 
(2 studies), and WPR = 5 (15 studies). One study was listed 
twice because distinct data sets were provided (Kenya and 
Canada).71 Although Taiwan is not currently categorized 
by the WHO or World Bank, we included it in the WPR 
and high-income classifications. The number of patients in-
cluded in individual studies ranged widely (4–3850), with 
a median of 56 patients (IQR 22–190 patients). Forty-four 
studies provided population-based data, relative to 35 with 
hospital- or facility-based reporting. Article details includ-
ing individual considerations and relative limitations are 
outlined further in Supplemental Table 1.

Forty-four studies representative of a uniform infant 
population were incorporated in our meta-analysis for 
congenital hydrocephalus (Fig. 1). Studies on NPH and 
other forms of adult hydrocephalus were separated from 
the childhood cohort in an independent meta-analysis 
(Supplemental Table 1) and are examined below qualita-
tively.

Incidence, Demographics, and Subtype
The pooled estimated incidence of congenital hydro-

cephalus was highest in Africa and Latin America (145 
and 316 per 100,000 births, respectively) and lowest in 
the United States/Canada (68 per 100,000 births) (p for 
interaction < 0.1; Figs. 2 and 3, Table 1).1,2,​5,6,11,14,15,21–23,​

26–29,​31,33,34,39,41,44,54,63,65,67–69,72,76–81,83,84,86,88,93,​102,104 Each sub-
group presented with a high heterogeneity (I2 > 50% for 
all). For the 15 studies conducted in Europe, a univari-
ate meta-regression revealed that study quality (slope = 
-0.28, p = 0.04) and income level (slope = 0.69, p = 0.02) 
are a significant source of heterogeneity, so that a higher 
incidence was associated with a lower study quality or a 
low- to middle-income country. No other sources of het-
erogeneity were identified for the other WHO regions. 
Considering specific countries with population-based 
data, Ekanem et al. (Nigeria) reported the lowest incidence 
of congenital hydrocephalus (34/100,000),22 while Zheng 

et al. documented the highest (405/100,000).106 Most coun-
tries reported figures between 50 and 160 new cases per 
100,000 births (Supplemental Table 1). Taking into ac-
count regional populations, the greatest estimated annual 
volume of hydrocephalus cases is in AFR, AMR-L, and 
SEAR (180,733, 53,241, and 53,578 cases, respectively), 
representing 60% of all new cases of pediatric hydroceph-
alus. Worldwide, this model estimated a total of more than 
383,000 new cases of childhood hydrocephalus each year.

Male children were more commonly affected by hy-
drocephalus than their female counterparts in all studies 
reporting data on gender, except one from Mozambique 
(male/female ratio of 1:1). The gender gap was greatest 
in Pakistan, with males affected at more than twice the 
rate of females.73 The lowest gender differences were re-
ported by studies from Taiwan and Papua New Guinea 
(1.04:1 and 1.03:1, respectively), while most reported a ra-
tio around 1.05:1–1.41:1 (M/F).44,50 Most studies involved 
pediatric patients only, while 13 examined adults with hy-
drocephalus (Supplemental Table 1).

Regarding pediatric hydrocephalus, most authors re-
ported a congenital hydrocephalus cohort. However, 
across studies the definition of and distinction between 
congenital hydrocephalus and infantile hydrocephalus 
was not uniform. Naturally, studies of fetal hydrocepha-
lus were generally conducted utilizing prenatal ultrason-
graph. In these studies, a live-birth rate was not always 
reported; therefore, calculating a true postnatal incidence 
was not possible.

On average, studies from more developed regions were 
of higher study quality than those from resource-poor set-
tings (Fig. 4). Out of 5, the average study quality was 3.75 
for AMR-US/Can studies and 3.13 for EUR studies. On 
the other hand, methodological quality was lower for stud-
ies from AFR (2.25 of 5), AMR-L (2 of 5), and SEAR (1.5 
of 5).

Low- and Middle-Income Countries Versus High-Income 
Countries

Consistent with the expected publication bias, source 
papers from HICs (46) were encountered more frequently 
than those from LICs (5) and MICs (26) (1 study included 
data from several countries). The mean study quality in 
HICs was also higher than that in LMICs (3.3 vs 2.4). Us-
ing the random-effects model, the incidence of congenital 
hydrocephalus was significantly higher in LMICs (inci-
dence: 123.3 per 100,000 live births; 95% CI 97.5–151.9) 

TABLE 2. Estimated incidence and annual volume of childhood hydrocephalus by World Bank income level

Income 
Level

Crude Births, 
Annual (no.)

Incidence 
CHC

New 
Cases 

of CHC, 
Annual 

(no.)
Incidence 

of NTD-HC 

New 
Cases of 
NTD-HC, 
Annual 

(no.)
Incidence 

of PHH

New 
Cases 

of PHH, 
Annual 

(no.)

New 
Cases of 
Non-PIH, 
Annual 

(no.)

Proportion 
of PIH 

Among All 
HC

New 
Cases 
of PIH, 
Annual 

(no.)

Total 
Estimated 

New Cases 
of HC, 

Annual (no.)

LMIC 129,585,579 123.3 159,779 27.4 35,506 — — 195,285 0.386 122,769 318,055
HIC 12,892,214 78.7 10,146 20.8 2,682 38.5 49,635 12,828 — — 12,828
Worldwide 142,477,793 169,925 35,545 205,470 122,769 330,883

Incidence figures are represented as number/100,000 births.
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than in HICs (incidence: 78.7 per 100,000 live births; 95% 
CI 67.9–90.2) (p for interaction < 0.01) (Fig. 5, Table 2). 
Notably, the heterogeneity in each subgroup was high, as 
evidenced by the high I2 value. After incorporating NTDs, 
PHH, and PIH, the annual volume of newly diagnosed 
hydrocephalus in LMICs was more than 20 times that in 
HICs (318,055 vs 12,828). For the 21 studies from LMICs, 
a univariate meta-regression revealed study quality (slope 
= -0.33, p = 0.04) to be a significant source of heterogene-
ity so that a higher incidence was associated with a lower 
study quality (Supplemental Fig. S1). No other sources of 
heterogeneity were identified for studies in HICs.

It should be noted that the birth rate in LMICs dramati-
cally superseded that in HICs (> 10 fold). The higher birth 
incidence of NTDs in LMICs is expected, given dispari-
ties in basic perinatal care; however, the incidence of NTD 
is likely abated in HICs by prenatal diagnosis and elec-
tive termination.59 The difference in global hydrocepha-
lus figures between WHO region classification (Table 1) 
and income level designation (Table 2) partially reflects 
the absence of NTD birth rate data by income level des-
ignation for LICs. Because each WHO region was repre-
sented within the IHME data set, the global volume can 
be expected to more closely approximate that reflected by 

WHO region (approximately 383,000) rather than that by 
income level (approximately 330,000).

A symmetrical inverted funnel plot suggested the ab-
sence of publication bias for papers contributing to esti-
mates of congenital hydrocephalus incidence (Supplemen-
tal Fig. S2). Both Begg’s rank correlation test (p = 0.61) 
and Egger’s linear regression test (p = 0.09) indicated no 
publication bias.

Surgical Incidence and Mortality
The majority of pediatric hydrocephalus cases (> 90% 

in most studies) were managed operatively. Conversely, 
most patients from NPH series were managed nonopera-
tively. Not every study explicitly stated the type of hydro-
cephalus intervention, although the majority discussing 
surgical intervention described shunt insertion.

Case-fatality rates (the proportion of deaths among af-
fected individuals, over the course of the disease) ranged 
broadly from 4% to 87% and varied considerably by the 
presence/absence of concomitant congenital defects, treat-
ed/untreated status, follow-up duration, and WHO region. 
Most studies reported overall case-fatality figures in pediat-
ric patients with hydrocephalus to be between 11% and 41%.

FIG. 2. Incidence of hydrocephalus by WHO region. WHO regions are shaded according to annual incidence of hydrocephalus 
(per 100,000 births). © OpenStreetMap contributors. Figure is available in color online only.
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FIG. 3. Forest plot of the incidence of congenital hydrocephalus by WHO region; random-effects model. Effect size (ES) values 
represent the number of cases of hydrocephalus per 100,000 births (95% CI). Diamonds represent the pooled estimate of the inci-
dence for each subgroup (width denotes 95% CI). Weights are from the random-effects analysis using the method of DerSimonian 
and Laird. Heterogeneity by WHO region: AFR (I2 = 96.9%, p for heterogeneity < 0.01; 9 studies); AMR-L (I2 = not applicable; 1 
study); AMR-US/Can (I2 = 95.8%, p < 0.01; 4 studies); EMR (I2 = 94.8%, p < 0.01; 7 studies); EUR (I2 = 98.0%, p < 0.01; 15 studies); 
SEAR (I2 = not applicable; 1 study); and WPR (I2 = 97.7%, p < 0.01; 7 studies); p for interaction comparing the different subgroups 
< 0.01. Figure is available in color online only.
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Adult Hydrocephalus
To deliver as comprehensive a global picture as possi-

ble, adult hydrocephalus was also investigated (Appendix). 
Incompatible epidemiological measures of case reporting, 
however, precluded merging adult and pediatric figures to 
obtain a single estimate for all-age hydrocephalus. None-
theless, 10 NPH and 3 non-NPH adult studies met inclu-
sion criteria and incorporated data from 3 continents. Only 
5 NPH studies provided relevant incidence figures rang-
ing from 1.1 to 5.5 newly affected individuals per 100,000 
persons.8,47,51,55 Despite the high heterogeneity among the 
4 studies, a meta-regression analysis was not possible due 
to the few studies in this group. An adequately powered, 
population-based estimate of the incidence of non-NPH 
adult hydrocephalus was not identified in this review.

An asymmetrical inverted funnel plot suggested the 
presence of publication bias for the incidence of NPH. 
However, both Begg’s rank correlation test (p = 0.33) and 
Egger’s linear regression test (p = 0.49) indicated no pub-
lication bias. The trim and fill method was used to recal-
culate the pooled incidence by imputing 2 studies to the 
right of the effect estimate. The analysis suggested that the 

imputed incidence was identical to the original pooled es-
timate.

Discussion
Herein, we report the largest and most comprehensive 

systematic review of global hydrocephalus epidemiology 
to date. To our knowledge, for the first time in a system-
atic and quantitative fashion, we have estimated the global 
volume of hydrocephalus. More than 1700 titles were ex-
amined to reach 78 relevant papers representing more than 
40,000 patients across 34 countries. The estimate birth 
prevalence of pediatric hydrocephalus is greatest in AFR, 
AMR-L, and SEAR and lowest in AMR-US/Can. On the 
African continent alone, more than 180,000 new cases of 
childhood hydrocephalus will develop each year. Mean-
while, nearly 90,000 new cases are estimated in SEAR 
and WPR. The greater prevalence of NTDs and PIH in 
these regions, as well as the higher birth rates per capita, 
accounts for the greater burden of disease in these regions 
relative to EUR and AMR-US/Can.

For the worldwide community, hydrocephalus is a tre-

FIG. 4. Geographic representation of source data. The global map indicates countries from which hydrocephalus data were de-
rived. Countries are shaded according to study quality along a spectrum, where 0/5 is shaded light purple and 5/5 is shaded dark 
purple. In countries with more than a single paper, the highest study quality was used for shading purposes. © OpenStreetMap 
contributors. Figure is available in color online only.

Unauthenticated | Downloaded 03/11/22 12:41 PM UTC



J Neurosurg  Volume 130 • April 2019 1073

M. C. Dewan et al.

mendously important public health concern. Not only is 
hydrocephalus one of the most common childhood neu-
rological disorders, but also it is among the most com-
mon conditions treated by neurosurgeons.82 For perspec-
tive, in 2015 an estimated 150,000 children were newly 
infected with HIV—less than half the number of children 
expected to develop hydrocephalus (http://aidsinfo.unaids.
org). In disease burden calculations, the disability weight 
for hydrocephalus far exceeds that of tuberculosis, rheu-

matic heart disease, and blindness, to name a few.70 Left 
untreated, hydrocephalus results in cognitive impairment, 
developmental delay, and often death. Yet it remains one 
of the most treatable conditions presenting for neurosurgi-
cal management.48,97,99 Indeed, CSF diversion—and avoid-
ance of sequelae associated with hydrocephalus—has been 
shown to be more cost-effective than antiretroviral therapy 
for HIV, orthopedic surgery for long-bone fractures, and 
even aspirin therapy for ischemic heart disease.56

FIG. 5. Forest plot of congenital hydrocephalus incidence by World Bank income level (LMICs vs HICs); random-effects model. Ef-
fect size values represent cases of hydrocephalus per 100,000 live births (95% CI). Diamonds represent the pooled estimate of the 
incidence for each subgroup (width denotes 95% CI). Weights are from the random-effects analysis using the method of DerSimo-
nian and Laird. Heterogeneity by income level: LMICs (I2 = 97.1%, p < 0.01; 21 studies); HICs (I2 = 97.5%, p for heterogeneity < 0.01; 
21 studies); p for interaction comparing the different subgroups < 0.01. Figure is available in color online only.
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The optimal treatment for hydrocephalus—particularly 
in low-resource settings—remains an intriguing topic of 
research, and one that is beyond the scope of this epidemi-
ological review. While shunt insertion has represented the 
historical mainstay of treatment, the risk of malfunction 
and infection has prompted greater interest in procedures, 
such as endoscopic third ventriculostomy with or without 
choroid plexus cauterization, that might offer an alterna-
tive to shunting with fewer complications and reduced 
cost.18,89,94 Whatever the optimal treatment, there is clearly 
an enormous worldwide volume of hydrocephalus that has 
been previously underrecognized.56,61

Prior Efforts to Obtain Global/Region Incidence Figures
Others have attempted to estimate a global or regional 

incidence of hydrocephalus and other CNS conditions via 
literature review,92 state-sponsored health registries,13 re-
gional random sampling,103 and both basic99 and advanced 
mathematical modeling.45 Wu and colleagues undertook 
an extraordinary effort to quantify the prevalence of child-
hood hydrocephalus in rural Kenya, but their random 
sampling technique was underpowered, and their results, 
by definition, were confined to the geographic region of 
study.103 The IHME has become the standard bearer for 
population disease estimates by employing advanced sta-
tistical algorithms that control for dozens of health-influ-
encing geopolitical and socioeconomic covariates. Howev-
er, the global burden of hydrocephalus can only be roughly 
estimated by assuming a fraction of the congenital malfor-
mation estimates. Literature reviews, like the one under-
taken here, are plagued by publication bias and vast study 
heterogeneity. We have attempted to strengthen our review 
methodology by conducting a series of meta-regression 
analyses that 1) acknowledge differences in methodologi-
cal quality and study scope and 2) are specific for each 
WHO region. The result is a series of estimates specific 
to each region and for each World Bank income partition. 
Our goal is to provide figures that can be used not only for 
research focusing and care priority designation but also for 
neurosurgical advocacy and policy reforms.

Reliance on hospital-based data may lead to an over-
estimation of the severity of hydrocephalus experienced 
within a given population, as milder cases might never 
come to medical attention. However, when such studies 
attempt to extrapolate their observations onto the gen-
eral population by asserting nonporous catchment, such 
estimates tend to underestimate the true overall disease 
burden. Additionally, the case estimates in Tables 1 and 2 
incorporate only childhood hydrocephalus, leaving adult 
hydrocephalus unaccounted for. A lack of sufficient epide-
miological data existed for tumor-related hydrocephalus, 
trauma-related hydrocephalus, and NPH, among others. 
Thus, the figures reported here likely represent an under-
estimation rather than an overestimation. Furthermore, 
given the lesser proportion of population-based studies 
emerging from LMICs, such underestimations might be 
more dramatic in LMICs than in HICs.

Inclusion of adult hydrocephalus in this review was de-
liberate, and an inability to responsibly estimate the global 
incidence of adult disease was discovered only after the 
systematic review was conducted. Thus, while the quan-

titative results only include childhood hydrocephalus, the 
aim of this study, its methodology, and its qualitative yet 
objective findings encompass both pediatric and adult 
variants. Indeed, the discovery of a paucity of population-
based data on adult hydrocephalus is itself a tremendously 
important finding. In terms of establishing priorities for 
future research on hydrocephalus, this finding is perhaps 
even more impactful than the numeric estimations gener-
ated from the pediatric meta-analysis. While childhood 
hydrocephalus certainly attracts more attention among 
neurosurgeons globally, adult hydrocephalus too, from 
which many patients suffer, is a problem worldwide, de-
spite relatively affordable and straightforward treatment. 
However, without a rough scope of the problem and known 
areas of maximal burden, it remains a problem whose so-
lution is nearly impossible to efficiently craft.

Lastly, these estimates should not be interpreted to rep-
resent the total hydrocephalus case burden expected to re-
quire medical and/or surgical evaluation and treatment. It 
is well known that the initial treatment for hydrocephalus 
often represents just the first of several interventions dur-
ing the lifetime of a patient with hydrocephalus.43 There-
fore, the global burden estimates provided here are only 
for the primary presentation and do not account for the 
multiple operations that may be necessary for individual 
patients after the initial treatment.

Limitations and Future Directions
The estimates outlined above are just that—estimates. 

However, they are estimates that are informed by the best, 
most up-to-date, and most diversified data available. Ex-
amination of the imperfections found within these figures 
is essential to understand their context and assign their 
value. First, the source data from which incidence figures 
are calculated are heterogeneous and often fragile. Dif-
ferences in definition (ventriculomegaly vs symptomatic 
hydrocephalus), diagnostic modality (ultrasound vs CT or 
MRI vs clinical signs and symptoms), and age at evalua-
tion (e.g., prenatal vs birth vs toddlerhood) all contribute to 
nonbiological differences in disease frequency. Similarly, 
drawing incidence figures and prevalence ratios from a 
non–population-based study design risks painting an in-
complete, if not misleading, picture. Moreover, those re-
gions where disease burden is suspected to be the greatest 
contain the largest proportion of hospital-based data and 
therefore garnered a lower methodological quality score. 
Because of publication bias and the need to incorporate 
data from resource-poor settings, we maintained a lower 
threshold for inclusion for papers from LMICs. This may 
have resulted in an over- or underestimation of incidence 
figures, particularly in WHO regions with a higher propor-
tion of LMICs. Next, stated differences among individual 
study conclusions might reflect the study methodology and 
inclusion criteria as much as they might represent true dif-
ferences among populations. Partitioning results by WHO 
region risks reliance on assumptions made regarding 
similarities among member countries. For example, while 
both Japan and Cambodia are WPR affiliates, their health-
modifiable attributes, including governance, gross domes-
tic product, and health care infrastructure, differ dramati-
cally. The incidence of hydrocephalus in both countries 
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is therefore not likely to be identical. Finally, when com-
bining the Global Burden of Disease incidence values for 
NTD,45 to simplify data presentation the respective stand-
ard errors were not combined. While error propagation 
may therefore be present, the relative impact on overall 
regional estimates is minimal.

While hindering, these limitations should serve as a 
roadmap for future studies to not only more accurately 
estimate the global burden of hydrocephalus, but also do 
so in such a way as to maximize capacity building and 
resource allocation to regions in greatest need. Special at-
tention should also be given to evaluating the burden of 
adult forms of hydrocephalus worldwide. These figures 
are expected to grow each year, as the world population 
also continues to grow and age. Efforts to define the etio-
logical agents of PIH and to raise community awareness 
of the causes and treatments are underway in the develop-
ing world.52,74,95,98 Estimating the global incidence is only 
among the initial steps. Mapping the geopolitical barriers 
from access to hydrocephalus care, educating the surgi-
cal workforce, and empowering local medical communi-
ties with the tools to prevent and treat the condition must 
become a priority.

Conclusions
Hydrocephalus is a major public health concern esti-

mated to affect more than 380,000 new individuals an-
nually. The volume of disease is greatest in the African, 
Latin American, and Southeast Asian regions and lowest 
in the United States and Canada. LMICs are expected to 
experience a case burden more than 20-fold that of HICs. 
Identification of region-specific causes and barriers to 
treatment and community-based education programs are 
active initiatives needing support and growth. An estima-
tion of adult hydrocephalus burden is lacking and deserves 
attention. Meanwhile an international, coordinated effort 
toward surgical capacity building will be necessary to en-
sure global demand is met, particularly in resource-poor 
settings.
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Appendix
Search Terms

(((“epidemiology” [Subheading] OR “Epidemiology”[MeSH] 
OR epidemiology[tiab] OR epidemiological[tiab] OR 
population[tiab] OR population-based[tiab] OR inciden*[tiab] OR 
prevalen*[tiab] OR burden OR ratio[tiab] OR DALY[tiab] OR 
“disability adjusted life year*”[tiab] OR YLL[tiab] OR “years of 
life lost”[tiab] OR YLD[tiab] OR “years lost to disability”[tiab] or 
“years lost due to disability”[tiab] OR ratio[tiab] OR QALY[tiab] 
OR “quality adjusted life year*”[tiab]))

AND
(“Hydrocephalus”[MeSH] OR Hydrocephal*[tiab])
AND
(“Africa”[MeSH] OR “Asia”[MeSH] OR “Central 

America”[MeSH] OR “Developing Countries”[MeSH] 
OR “Geographical Locations Category”[MeSH] OR 
“Internationality”[MeSH] OR “Latin America”[MeSH] OR 
“South America”[MeSH] OR “Dominican Republic”[tiab] OR 
“Principe”[tiab] OR “Puerto Rico”[tiab] OR “Sao Tome”[tiab] 
OR “Saudi Arabia”[tiab] OR “Sierra Leone”[tiab] OR “Virgin 
Islands”[tiab] OR Afghanistan*[tiab] OR Africa*[tiab] OR 
Albania*[tiab] OR Algeria*[tiab] OR America*[tiab] OR 
Andorra*[tiab] OR Angola*[tiab] OR Antarct*[tiab] OR 
Antigua*[tiab] OR Arab Emirate*[tiab] OR Argentin*[tiab] OR 
Armenia*[tiab] OR Aruba*[tiab] OR Asia*[tiab] OR Atlantic[tiab] 
OR Australia*[tiab] OR Austria*[tiab] OR Azerbaijan*[tiab] 
OR Azores Islands[tiab] OR Baham*[tiab] OR Bahra*[tiab] OR 
Bangladesh*[tiab] OR Barbad*[tiab] OR Barbuda*[tiab] OR 
Barthelemy[tiab] OR Barthélemy[tiab] OR Belarus*[tiab] OR 
Belgi*[tiab] OR Belize[tiab] OR Bengali[tiab] OR Benin*[tiab] 
OR Bermuda*[tiab] OR Bhutan*[tiab] OR Bissau[tiab] OR 
Bolivia*[tiab] OR Bosnia*[tiab] OR Botswana*[tiab] OR 
Brazil*[tiab] OR Brunei[tiab] OR Bulgaria*[tiab] OR Burkina 
Faso[tiab] OR Burma[tiab] OR Burmese*[tiab] OR Burundi*[tiab] 
OR Cabo Verd*[tiab] OR Caicos[tiab] OR Cambodia*[tiab] OR 
Cameroon*[tiab] OR Canad*[tiab] OR Cape Verd*[tiab] OR 
Cayman[tiab] OR Central[tiab] OR Chad*[tiab] OR Chile[tiab] 
OR China[tiab] OR Chinese[tiab] OR Colombia*[tiab] OR 
Comoros[tiab] OR Congo*[tiab] OR Costa Rica*[tiab] OR 
Cote[tiab] OR Cote d’Ivoire[tiab] OR Croatia*[tiab] OR Cuba[tiab] 
OR Cuban[tiab] OR Cyprus[tiab] OR Czech Republic[tiab] OR 
Denmark[tiab] OR developing countr*[tiab] OR developing 
nation*[tiab] OR Djibouti[tiab] OR Dominica*[tiab] OR East[tiab] 
OR East Timor[tiab] OR Ecuador*[tiab] OR Egypt*[tiab] OR 
El Salvador*[tiab] OR Eritrea*[tiab] OR Estonia*[tiab] OR 
Ethiopia*[tiab] OR Europ*[tiab] OR Fiji*[tiab] OR Finland[tiab] 
OR France[tiab] OR French Guiana[tiab] OR Gabon*[tiab] 
OR Gambia*[tiab] OR Gaza*[tiab] OR Georgia*[tiab] 
OR German*[tiab] OR Ghana*[tiab] OR Greece[tiab] OR 
Grenada*[tiab] OR Grenadines[tiab] OR Guadeloupe[tiab] 
OR Guatemala*[tiab] OR Guinea*[tiab] OR Guyan*[tiab] OR 
Haiti*[tiab] OR Herzegovina*[tiab] OR Hondura*[tiab] OR 
Hungary[tiab] OR Iceland*[tiab] OR income[tiab] OR India[tiab] 
OR Indian*[tiab] OR Indonesia*[tiab] OR Iran*[tiab] OR 
Iraq*[tiab] OR Ireland[tiab] OR Israel*[tiab] OR Italian[tiab] 
OR Italy[tiab] OR Ivory Coast[tiab] OR Jamaica*[tiab] 
OR Japan*[tiab] OR Jordan*[tiab] OR Kazakh*[tiab] OR 
Kenya*[tiab] OR Kiribati[tiab] OR Kitts[tiab] OR Korea*[tiab] 
OR Kosovar*[tiab] OR Kosovo[tiab] OR Kuwait*[tiab] OR 
Kyrgyz*[tiab] OR Lao[tiab] OR Laos*[tiab] OR Laotian*[tiab] 
OR latin america[tiab] OR Latvia[tiab] OR Lebanes*[tiab] 
OR Lebanon[tiab] OR Lebanese[tiab] OR Lesotho[tiab] OR 
less developed countr*[tiab] OR less developed nation*[tiab] 
OR Liberia*[tiab] OR Libya*[tiab] OR Liechtenstein[tiab] OR 
Lithuania[tiab] OR lmic[tiab] OR lmics[tiab] OR low income 
countr*[tiab] OR low income nation*[tiab] OR Lucia[tiab] OR 
Luxembourg[tiab] OR Macedonia*[tiab] OR Madagascar*[tiab] 
OR Madeira Island[tiab] OR Malawi*[tiab] OR Malaysia*[tiab] 
OR Maldives[tiab] OR Mali[tiab] OR Malta[tiab] OR Marshall 
Island*[tiab] OR Martinique[tiab] OR Mauritania*[tiab] 
OR Mauriti*[tiab] OR Mexican*[tiab] OR Mexico[tiab] OR 
Micronesia*[tiab] OR middle income countr*[tiab] OR middle 
income nation*[tiab] OR Moldova[tiab] OR Moldova*[tiab] 
OR Monaco[tiab] OR Mongolia*[tiab] OR Montenegr*[tiab] 
OR Montserrat[tiab] OR Morocc*[tiab] OR Mozambique[tiab] 
OR Myanmar[tiab] OR Namibia*[tiab] OR Nauru[tiab] OR 
Nepal*[tiab] OR Nevis[tiab] OR New Zealand[tiab] OR 
Nicaragua*[tiab] OR Niger*[tiab] OR Nigeria*[tiab] OR 
North[tiab] OR Norway[tiab] OR Oman*[tiab] OR Pacific[tiab] 
OR Pakistan*[tiab] OR Palau[tiab] OR Palestin*[tiab] OR 
Panama*[tiab] OR Papua[tiab] OR Paraguay*[tiab] OR Peru*[tiab] 
OR Philippin*[tiab] OR Poland[tiab] OR poor countr*[tiab] 
OR poor nation*[tiab] OR Portug*[tiab] OR Principe[tiab] 
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OR Qatar*[tiab] OR Romania*[tiab] OR Russia*[tiab] OR 
Rwanda*[tiab] OR Saint Lucia[tiab] OR Saint Vincent[tiab] 
OR Samoa*[tiab] OR San Marino[tiab] OR Sao Tome[tiab] 
OR Senegal*[tiab] OR Serbia*[tiab] OR Seychelles[tiab] OR 
Sierra Leone*[tiab] OR Singapore[tiab] OR Slovakia*[tiab] OR 
Slovenia*[tiab] OR Solomon[tiab] OR Solomon Island*[tiab] OR 
Somalia*[tiab] OR South [tiab] OR Spain[tiab] OR Sri Lanka[tiab] 
OR Sudan*[tiab] OR Suriname*[tiab] OR Swaziland*[tiab] 
OR Swed*[tiab] OR Switzerland[tiab] OR Syria*[tiab] OR 
Taiwan[tiab] OR Tajik*[tiab] OR Tanzania*[tiab] OR Thai*[tiab] 
OR third world countr*[tiab] OR third world nation*[tiab] 
OR Timor Leste[tiab] OR Timor*[tiab] OR Tobago[tiab] OR 
Togo*[tiab] OR Tonga*[tiab] OR Trinidad*[tiab] OR Tunisia*[tiab] 
OR Turkey[tiab] OR Turkish[tiab] OR Turkmen*[tiab] 
OR Turks[tiab] OR Tuvalu*[tiab] OR Uganda*[tiab] OR 
Ukrain*[tiab] OR under developed countr*[tiab] OR under 
developed nation*[tiab] OR underdeveloped nation*[tiab] OR 
underdeveloped nation*[tiab] OR United Kingdom[tiab] OR 
United States[tiab] OR Uruguay[tiab] OR Uzbeki*[tiab] OR 
Vanuatu*[tiab] OR Vatican[tiab] OR Venezuela*[tiab] OR Viet 
nam*[tiab] OR Vietnam*[tiab] OR Vincent[tiab] OR West[tiab] 
OR West Bank[tiab] OR Yemen*[tiab] OR Zambia*[tiab] OR 
Zimbabw*[tiab])

NOT
(“Animals”[MeSH] NOT “Humans”[MeSH])

References
    1.	 Ahuka OL, Toko RM, Omanga FU, Tshimpanga BJ: 

Congenital malformations in the North-Eastern Democratic 
Republic of Congo during Civil War. East Afr Med J 
83:95–99, 2006

    2.	 Al-Jama F: Congenital malformations in newborns in 
a teaching hospital in eastern Saudi Arabia. J Obstet 
Gynaecol 21:595–598, 2001

    3.	 Alicelebić S, Arslanagić A, Mornjaković Z: Central nervous 
system birth defects in surgically treated infants in Sarajevo 
region of Bosnia and Herzegovina. Bosn J Basic Med Sci 
7:294–300, 2007

    4.	 Andersen E, Fledelius HC, Føns M, Haugsted R: An epide-
miological study of disability in 4-year-old children from a 
birth cohort in Frederiksborg County, Denmark. Dan Med 
Bull 37:182–185, 1990

    5.	 El Awad ME: Infantile hydrocephalus in the south-western 
region of Saudi Arabia. Ann Trop Paediatr 12:335–338, 
1992

    6.	 El Awad ME, Al-Barki AA: Infantile hydrocephalus in 
southern Saudi Arabia. J Family Community Med 4:71–
75, 1997

    7.	 Baird LC, Mazzola CA, Auguste KI, Klimo P Jr, Flannery 
AM: Pediatric hydrocephalus: systematic literature review 
and evidence-based guidelines. Part 5: Effect of valve type 
on cerebrospinal fluid shunt efficacy. J Neurosurg Pediatr 
14 (Suppl 1):35–43, 2014

    8.	 Brean A, Eide PK: Prevalence of probable idiopathic nor-
mal pressure hydrocephalus in a Norwegian population. 
Acta Neurol Scand 118:48–53, 2008

    9.	 Brean A, Fredø HL, Sollid S, Müller T, Sundstrøm T, Eide 
PK: Five-year incidence of surgery for idiopathic normal 
pressure hydrocephalus in Norway. Acta Neurol Scand 
120:314–316, 2009

  10.	 Butler EK, Tran TM, Nagarajan N, Canner J, Fuller AT, 
Kushner A, et al: Epidemiology of pediatric surgical needs 
in low-income countries. PLoS One 12:e0170968, 2017

  11.	 Cavalcanti DP, Salomão MA: Incidência de hidrocefalia 
congênita eo papel do diagnóstico pré-natal. J Pediatr (Rio 
J) 79:135–140, 2003

  12.	 Chen JP, Zhang L, Chen G, Song XM, Zheng XY: 
[Capacity of monitoring system on birth defects during 

1990s in China.] Zhonghua Liu Xing Bing Xue Za Zhi 
27:392–395, 2006 (Chinese)

  13.	 Chi JH, Fullerton HJ, Gupta N: Time trends and demo-
graphics of deaths from congenital hydrocephalus in 
children in the United States: National Center for Health 
Statistics data, 1979 to 1998. J Neurosurg 103 (2 
Suppl):113–118, 2005

  14.	 Christensen JH, Hansen LK, Garne E: [Congenital hydro-
cephalus—prevalence and prognosis. Mortality and morbid-
ity in a population-based study.] Ugeskr Laeger 165:466–
469, 2003

  15.	 Dai L, Zhou GX, Miao L, Zhu J, Wang YP, Liang J: 
[Prevalence analysis on congenital hydrocephalus in 
Chinese perinatal from 1996 to 2004.] Zhonghua Yu Fang 
Yi Xue Za Zhi 40:180–183, 2006 (Chinese)

  16.	 Department of Health and Human Services: Health status 
and behaviors. Child Health USA. (https://mchb.hrsa.gov/
chusa14/health-status-behaviors.html) [Accessed January 
15, 2018]

  17.	 DerSimonian R, Laird N: Meta-analysis in clinical trials. 
Control Clin Trials 7:177–188, 1986

  18.	 Dewan MC, Lim J, Morgan CD, Gannon SR, Shannon CN, 
Wellons JC III, et al: Endoscopic third ventriculostomy with 
choroid plexus cauterization outcome: distinguishing suc-
cess from failure. J Neurosurg Pediatr 25:655–662, 2016

  19.	 Djientcheu V de P, Nguefack S, Mouafo TO, Mbarnjuk AS, 
Yamgoue TY, Bello F, et al: Hydrocephalus in toddlers: 
the place of shunts in sub-Sahara African countries. Childs 
Nerv Syst 27:2097–2100, 2011

  20.	 Dolk H: [Epidemiological survey of central nervous system 
anomalies and the implications of teratogens.] Bull Mem 
Acad R Med Belg 146:365–373, 1991

  21.	 Du WY, Pei LY, Ma RL, Wu S, Jiang DM, Ma Q, et al: 
[Present situation of congenital defects in five counties (cit-
ies) of Gansu province in 2009–2010.] Zhonghua Liu Xing 
Bing Xue Za Zhi 34:140–142, 2013 (Chinese)

  22.	 Ekanem TB, Okon DE, Akpantah AO, Mesembe OE, Eluwa 
MA, Ekong MB: Prevalence of congenital malformations in 
Cross River and Akwa Ibom states of Nigeria from 1980–
2003. Congenit Anom (Kyoto) 48:167–170, 2008

  23.	 Eke CB, Uche EO, Chinawa JM, Obi IE, Obu HA, Ibekwe 
RC: Epidemiology of congenital anomalies of the central 
nervous system in children in Enugu, Nigeria: a retrospec-
tive study. Ann Afr Med 15:126–132, 2016

  24.	 Enger PØ, Svendsen F, Wester K: CSF shunt infections in 
children: experiences from a population-based study. Acta 
Neurochir (Wien) 145:243–248, 2003

  25.	 Feigin VL, Forouzanfar MH, Krishnamurthi R, Mensah GA, 
Connor M, Bennett DA, et al: Global and regional burden of 
stroke during 1990–2010: findings from the Global Burden 
of Disease Study 2010. Lancet 383:245–254, 2014

  26.	 Fernell E, Hagberg G: Infantile hydrocephalus: declining 
prevalence in preterm infants. Acta Paediatr 87:392–396, 
1998

  27.	 Fernell E, Hagberg G, Hagberg B: Infantile hydrocephalus 
epidemiology: an indicator of enhanced survival. Arch Dis 
Child Fetal Neonatal Ed 70:F123–F128, 1994

  28.	 Forrester MB, Merz RD: Descriptive epidemiology of con-
genital hydrocephaly in Hawaii, 1986–2000. Hawaii Med J 
64:38–41, 2005

  29.	 Garne E, Loane M, Addor MC, Boyd PA, Barisic I, Dolk H: 
Congenital hydrocephalus—prevalence, prenatal diagnosis 
and outcome of pregnancy in four European regions. Eur J 
Paediatr Neurol 14:150–155, 2010

  30.	 Garne E, Loane M, Dolk H, De Vigan C, Scarano G, 
Tucker D, et al: Prenatal diagnosis of severe structural 
congenital malformations in Europe. Ultrasound Obstet 
Gynecol 25:6–11, 2005

  31.	 Ghavami M, Abedinzadeh R: Prevalence of perinatal central 

Unauthenticated | Downloaded 03/11/22 12:41 PM UTC



J Neurosurg  Volume 130 • April 2019 1077

M. C. Dewan et al.

nervous system anomalies in East Azarbaijan-Iran. Iran J 
Radiol 8:79–81, 2011

  32.	 Gregor V, Sípek A, Horácek J, Sípek A Jr, Langhammer P: 
[Survival in children with birth defects during first year of 
their life.] Ceska Gynekol 73:163–169, 2008 (Czech)

  33.	 Hadzagić-Catibusić F, Maksić H, Uzicanin S, Heljić S, 
Zubcević S, Merhemić Z, et al: Congenital malformations 
of the central nervous system: clinical approach. Bosn J 
Basic Med Sci 8:356–360, 2008

  34.	 Hakami WS, Majeed-Saidan MA: The incidence and spec-
trum of central nervous system malformations in newborns 
over a decade (2001–2010) in the Central Region of Saudi 
Arabia. Saudi Med J 32:1137–1142, 2011

  35.	 Higgins JPT, Thompson SG, Deeks JJ, Altman DG: Mea
suring inconsistency in meta-analyses. BMJ 327:557–560, 
2003

  36.	 Hiraoka K, Meguro K, Mori E: Prevalence of idiopathic 
normal-pressure hydrocephalus in the elderly population of 
a Japanese rural community. Neurol Med Chir (Tokyo) 
48:197–200, 2008

  37.	 Höglund M, Tisell M, Wikkelsø C: [Incidence of surgery 
for hydrocephalus in adults surveyed: same number afflicted 
by hydrocephalus as by multiple sclerosis.] Lakartidningen 
98:1681–1685, 2001 (Swedish)

  38.	 Iseki C, Takahashi Y, Wada M, Kawanami T, Adachi M, 
Kato T: Incidence of idiopathic normal pressure hydro-
cephalus (iNPH): a 10-year follow-up study of a rural com-
munity in Japan. J Neurol Sci 339:108–112, 2014

  39.	 Jaeger M, Grüssner SE, Omwandho CO, Klein K, 
Tinneberg HR, Klingmüller V: [Cranial sonography for 
newborn screening: a 10-year retrospective study in 11,887 
newborns.] RoFo Fortschr Geb Rontgenstr Nuklearmed 
176:852–858, 2004 (Ger)

  40.	 Jaraj D, Rabiei K, Marlow T, Jensen C, Skoog I, Wikkelsø 
C: Prevalence of idiopathic normal-pressure hydrocephalus. 
Neurology 82:1449–1454, 2014

  41.	 Jeng S, Gupta N, Wrensch M, Zhao S, Wu YW: Prevalence 
of congenital hydrocephalus in California, 1991–2000. 
Pediatr Neurol 45:67–71, 2011

  42.	 Jin DL, Christian EA, Attenello F, Melamed E, Cen S, 
Krieger MD, et al: Cross-sectional analysis on racial and 
economic disparities affecting mortality in preterm infants 
with posthemorrhagic hydrocephalus. World Neurosurg 
88:399–410, 2016

  43.	 Kahle KT, Kulkarni AV, Limbrick DD Jr, Warf BC: 
Hydrocephalus in children. Lancet 387:788–799, 2016

  44.	 Kaptigau WM, Ke L, Rosenfeld JV: Big heads in Port 
Moresby General Hospital: an audit of hydrocephalus cases 
seen from 2003 to 2004. P N G Med J 50:44–49, 2007

  45.	 Kassebaum NJ, Arora M, Barber RM, Bhutta ZA, Brown 
J, Carter A, et al: Global, regional, and national disability-
adjusted life-years (DALYs) for 315 diseases and injuries 
and healthy life expectancy (HALE), 1990–2015: a system-
atic analysis for the Global Burden of Disease Study 2015. 
Lancet 388:1603–1658, 2016

  46.	 Klassen BT, Ahlskog JE: Normal pressure hydrocephalus: 
how often does the diagnosis hold water? Neurology 77:​
1119–1125, 2011

  47.	 Krauss JK, Halve B: Normal pressure hydrocephalus: sur-
vey on contemporary diagnostic algorithms and therapeu-
tic decision-making in clinical practice. Acta Neurochir 
(Wien) 146:379–388, 2004

  48.	 Kulkarni AV, Drake JM, Mallucci CL, Sgouros S, Roth 
J, Constantini S: Endoscopic third ventriculostomy in the 
treatment of childhood hydrocephalus. J Pediatr 155:254–
259, 259.e1, 2009

  49.	 Kumar M, Sharma S, Bhagat M, Gupta U, Anand R, Puri 
A, et al: Postnatal outcome of congenital anomalies in low 
resource setting. Prenat Diagn 33:983–989, 2013

  50.	 Lai CH, Chen YY: Type 2 diabetes mellitus and risk of 

hydrocephalus: a 5 year population-based follow-up study 
in Taiwan. J Diabetes Complications 30:426–431, 2016

  51.	 Lemcke J, Stengel D, Stockhammer F, Güthoff C, Rohde 
V, Meier U: Nationwide incidence of normal pressure 
hydrocephalus (NPH) assessed by insurance claim data in 
Germany. Open Neurol J 10:15–24, 2016

  52.	 Li L, Padhi A, Ranjeva SL, Donaldson SC, Warf BC, 
Mugamba J, et al: Association of bacteria with hydrocepha-
lus in Ugandan infants. J Neurosurg Pediatr 7:73–87, 
2011

  53.	 Linder N, Haskin O, Levit O, Klinger G, Prince T, Naor N, 
et al: Risk factors for intraventricular hemorrhage in very 
low birth weight premature infants: a retrospective case-
control study. Pediatrics 111:e590–e595, 2003

  54.	 Mahmoud MZ, Dinar HA, Abdulla AA, Babikir E, 
Sulieman A: Study of the association between the incidenc-
es of congenital anomalies and hydrocephalus in Sudanese 
fetuses. Glob J Health Sci 6:1–8, 2014

  55.	 Martín-Láez R, Caballero-Arzapalo H, Valle-San Román 
N, López-Menéndez LÁ, Arango-Lasprilla JC, Vázquez-
Barquero A: Incidence of idiopathic normal-pressure hydro-
cephalus in northern Spain. World Neurosurg 87:298–310, 
2016

  56.	 Meara JG, Leather AJM, Hagander L, Alkire BC, Alonso N, 
Ameh EA, et al: Global Surgery 2030: evidence and solu-
tions for achieving health, welfare, and economic develop-
ment. Lancet 386:569–624, 2015

  57.	 Mitchell LE, Adzick NS, Melchionne J, Pasquariello PS, 
Sutton LN, Whitehead AS: Spina bifida. Lancet 364:1885–
1895, 2004

  58.	 Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, 
Petticrew M, et al: Preferred reporting items for systematic 
review and meta-analysis protocols (PRISMA-P) 2015 
statement. Syst Rev 4:1–9, 2015

  59.	 Moritake K, Nagai H, Miyazaki T, Nagasako N, Yamasaki 
M, Sakamoto H, et al: Analysis of a nationwide survey on 
treatment and outcomes of congenital hydrocephalus in 
Japan. Neurol Med Chir (Tokyo) 47:453–461, 2007

  60.	 Msamati BC, Igbigbi PS, Chisi JE: The incidence of cleft 
lip, cleft palate, hydrocephalus and spina bifida at Queen 
Elizabeth Central Hospital, Blantyre, Malawi. Cent Afr J 
Med 46:292–296, 2000

  61.	 Muir RT, Wang S, Warf BC: Global surgery for pediatric 
hydrocephalus in the developing world: a review of the his-
tory, challenges, and future directions. Neurosurg Focus 
41(5):E11, 2016

  62.	 Munch TN, Rostgaard K, Rasmussen MLH, Wohlfahrt J, 
Juhler M, Melbye M: Familial aggregation of congenital 
hydrocephalus in a nationwide cohort. Brain 135:2409–
2415, 2012

  63.	 Murshid WR, Jarallah JS, Dad MI: Epidemiology of infan-
tile hydrocephalus in Saudi Arabia: birth prevalence and 
associated factors. Pediatr Neurosurg 32:119–123, 2000

  64.	 Ogunyemi D, Buskye S: Prenatal diagnosis of fetal anoma-
lies in a regional tertiary center: the role of a maternal fetal 
medicine unit—a review of 6,877 deliveries. J Matern 
Fetal Med 9:219–223, 2000

  65.	 Onankpa BO, Adamu A: Pattern and outcome of gross con-
genital malformations at birth amongst newborns admitted 
to a tertiary hospital in northern Nigeria. Niger J Paediatr 
41:337–340, 2014

  66.	 Pachajoa H, Ariza Y, Isaza C, Méndez F: [Major birth 
defects in a third-level hospital in Cali, Colombia, 2004–
2008.] Rev Salud Publica (Bogota) 13:152–162, 2011 
(Span)

  67.	 Padilla CD, Cutiongco EM, Sia JM: Birth defects ascer-
tainment in the Philippines. Southeast Asian J Trop Med 
Public Health 34 (Suppl 3):239–243, 2003

  68.	 Persson EK, Anderson S, Wiklund LM, Uvebrant P: 

Unauthenticated | Downloaded 03/11/22 12:41 PM UTC



M. C. Dewan et al.

J Neurosurg  Volume 130 • April 20191078

Hydrocephalus in children born in 1999-2002: epidemiol-
ogy, outcome and ophthalmological findings. Childs Nerv 
Syst 23:1111–1118, 2007

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

  70.	 Poenaru D, Pemberton J, Frankfurter C, Cameron B: 
Establishing disability weights for congenital paediatric sur-
gical disease: a cross-sectional, multi-modal study. Lancet 
381:S115, 2013

  71.	 Poenaru D, Pemberton J, Frankfurter C, Cameron BH: 
Quantifying the disability from congenital anomalies avert-
ed through pediatric surgery: a cross-sectional comparison 
of a pediatric surgical unit in Kenya and Canada. World J 
Surg 39:2198–2206, 2015

  72.	 Rajab A, Vaishnav A, Freeman NV, Patton MA: Neural 
tube defects and congenital hydrocephalus in the Sultanate 
of Oman. J Trop Pediatr 44:300–303, 1998

  73.	 Rashid QTA, Salat MS, Enam K, Kazim SF, Godil SS, 
Enam SA, et al: Time trends and age-related etiologies of 
pediatric hydrocephalus: results of a groupwise analysis in a 
clinical cohort. Childs Nerv Syst 28:221–227, 2012

  74.	 Ravindra VM, Kraus KL, Riva-Cambrin JK, Kestle JR: The 
need for cost-effective neurosurgical innovation—a global 
surgery initiative. World Neurosurg 84:1458–1461, 2015

  75.	 Reznik BI, Minkov IP: [The epidemiology of congenital 
defects in central nervous system development in children.] 
Zh Nevropatol Psikhiatr Im S S Korsakova 91:15–17, 
1991 (Russian)

  76.	 Richmond S, Atkins J: A population-based study of the pre-
natal diagnosis of congenital malformation over 16 years. 
BJOG 112:1349–1357, 2005

  77.	 Robroch B, Holwerda J, Bos AF, Bilardo CMK, van den 
Berg PP, Snijders RJM: [Ventriculomegaly at the gestation-
al age of 20 weeks; research into its incidence and related 
abnormalities.] Ned Tijdschr Geneeskd 157:A5148, 2013 
(Dutch)

  78.	 Saiyad SS, Jadav HR: Study of congenital malformations 
in central nervous system and gastrointestinal tract. Natl J 
Med Res 2:121–123, 2012

  79.	 Salvador SF, Henriques JC, Munguambe M, Vaz RM, 
Barros HP: Hydrocephalus in children less than 1 year of age 
in northern Mozambique. Surg Neurol Int 5:175–177, 2014

  80.	 Sethna F, Tennant PWG, Rankin J, C Robson S: Prevalence, 
natural history, and clinical outcome of mild to moderate 
ventriculomegaly. Obstet Gynecol 117:867–876, 2011

  81.	 Shi MA, Chen YL: [Genetic epidemiologic study of hydro-
cephalus.] Zhonghua Fu Chan Ke Za Zhi 25:143–145, 
187–188, 1990 (Chinese)

  82.	 Simon TD, Riva-Cambrin J, Srivastava R, Bratton SL, Dean 
JM, Kestle JRW: Hospital care for children with hydroceph-
alus in the United States: utilization, charges, comorbidities, 
and deaths. J Neurosurg Pediatr 1:131–137, 2008

  83.	 Singh S, Chukwunyere DN, Omembelede J, Onankpa B: 
Foetal congenital anomalies: An experience from a tertiary 
health institution in North-West Nigeria (2011–2013). Niger 
Postgrad Med J 22:174–178, 2015

  84.	 Sípek A, Gregor V, Horácek J, Masátová D: [Congenital 
hydrocephalus 1961–2000—incidence, prenatal diagnosis 
and prevalence based on maternal age.] Ceska Gynekol 
67:360–364, 2002 (Czech)

  85.	 Sípek A, Gregor V, Horáček J, Sípek A Jr, Langhammer 
P: [Course of congenital malformation incidences and their 
changes over time in children born in the Czech Republic.] 
Ceska Gynekol 77:424–436, 2012 (Czech)

  86.	 Sun G, Xu ZM, Liang JF, Li L, Tang DX: Twelve-year 
prevalence of common neonatal congenital malformations 
in Zhejiang Province, China. World J Pediatr 7:331–336, 
2011

  87.	 Sundström N, Malm J, Laurell K, Lundin F, Kahlon B, 
Cesarini KG, et al: Incidence and outcome of surgery for 
adult hydrocephalus patients in Sweden. Br J Neurosurg 
31:21–27, 2017

  88.	 Tahmasebi M, Afsar N, Bastani M: Accuracy of ultrasound 
in detection of gross prenatal central nervous system anom-
alies after the eighteenth week of gestation. Iran J Radiol 
4:247–250, 2007

  89.	 Takahashi Y: Long-term outcome and neurologic develop-
ment after endoscopic third ventriculostomy versus shunting 
during infancy. Childs Nerv Syst 22:1591–1602, 2006

  90.	 Tanaka N, Yamaguchi S, Ishikawa H, Ishii H, Meguro 
K: Prevalence of possible idiopathic normal-pressure 
hydrocephalus in Japan: the Osaki-Tajiri project. 
Neuroepidemiology 32:171–175, 2009

  91.	 Tisell M, Höglund M, Wikkelsø C: National and regional 
incidence of surgery for adult hydrocephalus in Sweden. 
Acta Neurol Scand 112:72–75, 2005

  92.	 Tully HM, Dobyns WB: Infantile hydrocephalus: a review 
of epidemiology, classification and causes. Eur J Med 
Genet 57:359–368, 2014

  93.	 Waller DK, Pujazon MA, Canfield MA, Scheuerle AE, 
Byrne JL: Frequency of prenatal diagnosis of birth defects 
in Houston, Galveston and the Lower Rio Grande Valley, 
Texas 1995. Fetal Diagn Ther 15:348–354, 2000

  94.	 Warf BC: Comparison of endoscopic third ventriculostomy 
alone and combined with choroid plexus cauterization in 
infants younger than 1 year of age: a prospective study in 
550 African children. J Neurosurg 103 (6 Suppl):475–481, 
2005

  95.	 Warf BC: Hydrocephalus associated with neural tube 
defects: characteristics, management, and outcome in sub-
Saharan Africa. Childs Nerv Syst 27:1589–1594, 2011

  96.	 Warf BC: Hydrocephalus in Uganda: the predominance of 
infectious origin and primary management with endoscopic 
third ventriculostomy. J Neurosurg 102 (1 Suppl):1–15, 
2005

  97.	 Warf BC: The impact of combined endoscopic third ven-
triculostomy and choroid plexus cauterization on the man-
agement of pediatric hydrocephalus in developing countries. 
World Neurosurg 79 (2 Suppl):S23.e13–S23.e15, 2013

  98.	 Warf BC: “Who is my neighbor?” Global neurosurgery in 
a non-zero-sum world. World Neurosurg 84:1547–1549, 
2015

  99.	 Warf BC, Alkire BC, Bhai S, Hughes C, Schiff SJ, Vincent 
JR, et al: Costs and benefits of neurosurgical interven-
tion for infant hydrocephalus in sub-Saharan Africa. J 
Neurosurg Pediatr 8:509–521, 2011

100.	 Warf BC, Campbell JW, Riddle E: Initial experience with 
combined endoscopic third ventriculostomy and choroid 
plexus cauterization for post-hemorrhagic hydrocephalus of 
prematurity: the importance of prepontine cistern status and 
the predictive value of FIESTA MRI imaging. Childs Nerv 
Syst 27:1063–1071, 2011

101.	 Wellons JC, Shannon CN, Kulkarni AV, Simon TD, Riva-
Cambrin J, Whitehead WE, et al: A multicenter retrospec-
tive comparison of conversion from temporary to permanent 
cerebrospinal fluid diversion in very low birth weight 
infants with posthemorrhagic hydrocephalus. J Neurosurg 
Pediatr 4:50–55, 2009

102.	 Winkler AS, Tluway A, Slottje D, Schmutzhard E, Härtl 
R: The pattern of neurosurgical disorders in rural north-
ern Tanzania: a prospective hospital-based study. World 
Neurosurg 73:264–269, 2010

103.	 Wu VK, Poenaru D, Poley MJ: Burden of surgical congeni-
tal anomalies in Kenya: a population-based study. J Trop 
Pediatr 59:195–202, 2013

104.	 Xie D, Yang T, Liu Z, Wang H: Epidemiology of birth 
defects based on a birth defect surveillance system from 

Unauthenticated | Downloaded 03/11/22 12:41 PM UTC



J Neurosurg  Volume 130 • April 2019 1079

M. C. Dewan et al.

2005 to 2014 in Hunan Province, China. PLoS One 
11:e0147280–e0147288, 2016

105.	 Yamasaki M, Nonaka M, Bamba Y, Teramoto C, Ban C, 
Pooh RK: Diagnosis, treatment, and long-term outcomes of 
fetal hydrocephalus. Semin Fetal Neonatal Med 17:330–
335, 2012

106.	 Zheng XY, Song XM, Chen G, Chen JP, Ji Y, Wu JL, et 
al: [Epidemiology of birth defects in high-prevalence areas 
of China.] Zhonghua Liu Xing Bing Xue Za Zhi 28:5–9, 
2007

Disclosures
Dr. Glancz: financial assistance provided by Codman and Hos-
pital Corporation of America for volunteering in the training of 
third world neurosurgical units.

Author Contributions
Conception and design: Dewan. Acquisition of data: Dewan, Rat-

tani, Glancz. Analysis and interpretation of data: Dewan, Rattani, 
Mekary, Baticulon. Drafting the article: Dewan. Critically revising 
the article: Dewan, Rattani, Mekary, Glancz, Baticulon, Fieggen, 
Wellons, Park, Warf. Reviewed submitted version of manuscript: 
all authors. Approved the final version of the manuscript on 
behalf of all authors: Dewan. Statistical analysis: Dewan, Mekary, 
Yunusa. Administrative/technical/material support: Rattani, Bat-
iculon. Study supervision: Wellons, Warf.

Supplemental Information
Online-Only Content
Supplemental material is available with the online version of the 
article.

Supplemental Table and Figures. https://thejns.org/doi/suppl/​
10.3171/2017.10.JNS17439.

Correspondence
Michael C. Dewan: Vanderbilt University Medical Center, Nash-
ville, TN. dewan.michael@gmail.com.

Unauthenticated | Downloaded 03/11/22 12:41 PM UTC

https://thejns.org/doi/suppl/10.3171/2017.10.JNS17439
https://thejns.org/doi/suppl/10.3171/2017.10.JNS17439

