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Pediatric Hydrocephalus in Northwest Tanzania: A Descriptive Cross-Sectional Study of
Clinical Characteristics and Early Surgical Outcomes from the Bugando Medical

Centre
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Antonia Msafiri Makene®, Roger Hartl'’, Andrea Sylvia Winkler'" ">

OBJECTIVES: In this study, we present data from a
neurosurgical training program in Tanzania for the treat-
ment of pediatric hydrocephalus. The objectives of the
study were to identify the demographics and clinical
characteristics of pediatric patients with hydrocephalus
who were admitted to Bugando Medical Centre in
Mwanza, Tanzania, as well as to describe their surgical
treatment and early clinical outcomes.

METHODS: This cross-sectional study included 38 pe-
diatric patients. Physical examinations were conducted
pre- and postoperatively, and their mothers completed a
questionnaire providing demographic and clinical
characteristics.

RESULTS: There was a slight preponderance of male sex
(21/38; 55.3%) with median age at the time of admission of
98.5 days. The majority of patients were surgically treated
(33/38; 86.8%). Among those surgically treated, most
received a ventriculoperitoneal shunt (23/33; 69.7%),
whereas 7 were treated with an endoscopic third ven-
triculostomy (7/33; 21.2%). At the time of admission, the
majority of patients (86%) had head circumferences that

met criteria for macrocephaly. The median time between
admission and surgery was 23 days (2-49 days). Overall, 5
patients (13.2%) died, including 2 who did not receive
surgical intervention.

CONCLUSIONS: We found that in our population, pedi-
atric patients with hydrocephalus often present late for
treatment with additional significant delays prior to
receiving any surgical intervention. Five patients died, of
whom 2 had not undergone surgery. Our study reinforces
that targeted investments in clinical services are needed to
enable access to care, improve surgical capacity, and
alleviate the burden of neurosurgical disease from pedi-
atric hydrocephalus in sub-Saharan Africa.

INTRODUCTION

ydrocephalus is one of the most common neurosurgical
conditions among children worldwide,”*  with
significant geographic variation with respect to
incidence and etiology. A previously published systematic review
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suggested the pooled estimated incidence of congenital
hydrocephalus in Africa to be 145/100,000 births, which is more
than double the incidence in the United States and Canada (68/
100,000 births).” Almost one-half of the estimated 400,000 new
global cases of pediatric hydrocephalus annually are expected to
occur in Africa,” due to greater birth rates, a greater incidence of
perinatal and neonatal infections,”>* as well as a greater incidence
of neural tube defects. Although these numbers are staggering in
themselves, they probably underestimate the overall pediatric
hydrocephalus burden, as many cases, particularly in resource-
poor settings, are not registered.

Optimal care for pediatric hydrocephalus often is provided by
multi-/interdisciplinary teams that include clinicians trained in the
medical specialties of pediatrics, neurology, neurosurgery, and
rehabilitation medicine. Unfortunately, in sub-Saharan Africa
(SSA), rehabilitation services, neurological,”> and neurosurgical
services are more difficult to find,”” with only o.5r1
neurosurgeons/million population in SSA compared with 11.76
neurosurgeons/million population in Europe.® As a result,
children with hydrocephalus living in SSA often are treated by
generalists”' with less neurosurgical operative experience and
equipment. In addition, patients with pediatric hydrocephalus
often present later and with more advanced clinical symptoms
in SSA™* at their first clinical encounter with formal health
care services.””*" This is largely due to the long distances of
travel required to seek tertiary medical care, as well as limited
pre- and postnatal care that would allow for preventive causes
and early correction of hydrocephalus to be addressed. There is
a myriad of etiologies for pediatric hydrocephalus, but literature
published has shown postinfectious etiology’® to be the most
common in SSA.

To undertake these multifaceted and complex challenges for the
care of pediatric hydrocephalus in SSA, long-term global neuro-
surgical capacity-building programs can provide assistance’” along
with other established global health initiatives. The Weill Cornell
Tanzania Neurosurgery Project was established by Roger Hirtl in
2008 in collaboration with the Weill Cornell Medicine in New
York, the Bugando Medical Centre (BMC) in Mwanza, Tanzania,
and the Foundation for International Education in Neurological
Surgery.”® The aim is to provide continuous medical education
through teaching and research so that nurses, doctors, and
other medical personnel may be trained to create sustainable
and optimized patient care.

The philosophy of the Weil Cornell Tanzania Neurosurgery
Project echoes current flagship global health initiatives by the
World Health Assembly (WHA)™ and the “Program in Global
Surgery and Social Change” (PGSSC) at Harvard Medical School,
which has created a consensus, composed by the CHYSPR
group entitled “Comprehensive Policy Recommendations for the
Management of Spina Bifida and Hydrocephalus in Low-and
Middle-income Countries.”** These 2 joint global commitments
are responding to the indisputable and required need to address
the high burden of pediatric hydrocephalus, with complex
comorbidities and preventable fatalities. However, there is
limited research on the burden of pediatric hydrocephalus and
its treatment in low-resource settings from which local and
global stakeholders can base policy decisions. Therefore, we
present data collected as part of the Weill Cornell Neurosurgical

Figure 1. Map of study area (Images are adapted from Servier Medical
ART. Smart.servier.com).

Project in Tanzania, focusing on pediatric patients with hydro-
cephalus, admitted to an urban hospital in Mwanza, Tanzania,
in 2013.

The objectives of the study were to identify the demographic
and clinical characteristics of pediatric patients with hydroceph-
alus and to describe surgical treatment provided and its early
surgical outcome.

METHODS

Study Area/Setting
BMC is a goo-bed government-funded and patient cost-shared
tertiary referral center located in Mwanza,*** the second largest
city in the northwestern part of Tanzania, serving a catchment
area of approximately 13 million people (Figure 1). Along with
the single other tertiary referral hospital in the country, located
in the city of Dar-es-Salaam, BMC provides neurosurgical ser-
vices to the Lake and Western Zones of Northwest Tanzania.”*
Pediatric patients with hydrocephalus eligible for surgery were
admitted directly from outpatient clinics and at times directly from
the Neonatal Unit. Pre- and postoperative patients were admitted
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History of febrile illness 26 (68.4)
History of seizure 12 (42.9)
Other medical problems 10(26.3)
History of malaria 9(34.6)
History of meningites 1(36)

Congenital malformations 8(28.6)
Spina bifida repair 4(133)

Previous shunt placement 2(6.9)

Dandy walker malformation 3(23.1)

Arnold Chiari malformation 1(6.7)
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Figure 2. Distribution of medical history.

to a single pediatric surgical ward where all surgical patients,
including the pediatric neurosurgical patients, were localized. The
neurosurgery department at BMC was formally established in
2015.”" At the time of the initiation of this study in 2013, there was
only one Tanzanian general resident with a special interest in
surgery and neurosurgery who performed ventriculoperitoneal
(VP) shunt surgeries (using Chhabra Shunts; Surgiwear, Utter
Pradesh, India) on pediatric patients with hydrocephalus at
BMC. The surgeon performing the operations worked for the
surgical department before starting residency. He learned how
to perform the neurosurgical procedures by completing an
observership and working alongside specialists who were
experts in these techniques. In addition, varying global surgical
teams would come on occasion to perform endoscopic third
ventriculostomies (ETVs).

Study Design, Study Sample, and Data Collection

We conducted a descriptive cross-sectional, hospital-based study
that consecutively enrolled pediatric patients with hydrocephalus
that were admitted to BMC between April and September 2013. All
pediatric patients with hydrocephalus were eligible.

Mothers of admitted pediatric patients with hydrocephalus were
approached to participate in the study, with study objectives dis-
cussed in Swahili (the official national language in Tanzania)
through the assistance of a local medical student. Written
informed consent was obtained in Swahili. We used a question-
naire to collect demographic and clinical characteristics, including
prenatal history, birth history, medical history, as well as history of
hydrocephalus symptoms and signs (Supplementary Table 1). A
physical examination was performed pre- and postoperatively,
with emphasis on head circumference (HC) measurements,
characterization of the fontanelle (depressed/flat or tense/
bulging), presence or absence of prominent skull veins and sun-
setting eyes, and whether there were any signs of increased leth-
argy in the patient.

Ethics Statement

Ethical approval was obtained from the BMC and the Catholic
University of Health and Allied Sciences, Mwanza, Tanzania,
combined ethical committees (research clearance certificate
number CREC/040/2013) as well as the institutional review board
of Weill Cornell Medical College in New York, New York, USA
(protocol number: 1304013806).

Analysis

Data were collected on paper questionnaires and entered into a
spreadsheet database. Numerical data were assessed for normality
using the Shapiro—Wilk test, and variables that were found to
deviate from the normal distribution were described using me-
dians and range (minimum, maximum), whereas normally
distributed data were summarized using the means and standard
deviations (SD). Frequencies with percentages were used to
describe categorical variables. We used the independent t test and
Mann—Whitney U test to compare mean and median differences
between boys and girls, respectively, whereas the Fisher exact test
was used to investigate the associations between categorical var-
iables. The level of significance was set at P < 0.05. All statistical
analyses were performed in SPSS, version 27 (IBM Corp, Armonk,
New York, USA) and the graphs were produced in StataSE 17
(StataCorp, College Station, Texas, USA: StataCorp LLC).

RESULTS

Demographics

A total of 38 pediatric patients with hydrocephalus were included
in the study; there was a slight preponderance of the male sex
(21/38; 55.3%). Within this group of 38 patients with hydro-
cephalus, 36 patients had a registered date of hospital admission,
with median age at time of admission to be ¢8.5 days (range 15—

998 days).

Clinical Characteristics from Maternal Retrospective Reporting
We present our results as the number of positive responses against
the total number of available responses due to incomplete data
and partial follow-up as is often a challenge in resource-limited
settings. Seventeen children were delivered at a health care facil-
ity in the presence of a trained health worker (17/24; 70.8%); 7
children were born at home (7/24; 29.2%). Of the 24 known de-
liveries, 23 patients were delivered vaginally, one via caesarian
delivery. Almost all the mothers had registered for prenatal care
(36/38; 94.7%), which involved a visit to a nearby health clinic for
women and children or to a hospital with obstetric services. Nearly
one-half of the mothers (17/36; 47.2%) reported to have experi-
enced fevers during their pregnancy.

With respect to medical history, 8 mothers (8/35; 22.9%) re-
ported that their child had experienced other medical problems: 5
patients with a history of gastrointestinal symptoms (vomiting/
diarrhea), 1 with umbilical cord bleeding, 1 with medical problems
of unknown cause, and 1 with papules of unknown origin. In
addition, 1 patient was admitted with severe malnutrition
(marasmus type) and another patient of older age had multiple
other diagnoses (Figure 2). With respect to congenital
abnormalities, 8 patients (8/28; 28.6%) had spina bifida (one
diagnostically with myelomeningocele).
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Table 1. Demographic Characteristics of the Mother—Child Pairs in the 33 Children Who Were Surgically Treated

Sex
Covariates Total Female (n = 15) Male (n =18) P Value
Maternal factors
Parity: median (min, max) 2.0 (1.0, 10.0) 2.0 (1.0, 10.0) 3.0 (1.0, 8.0) 0.80
Prenatal visits: median (min, max) 3.0(1.0,6.0 3.0(1.0,4.0 3.0(1.0,6.0 0.08
Fever during pregnancy, n (%) 15 (100.0) 7 (46.7) 8 (53.3) 1.00
Patient characteristics: n (%)
Malaria 7 (100.0) 4 (57.1) 3(42.9) 1.00
Febrile illness 22 (100.0) 11 (50.0) 11 (50.0) 0.71
Seizure 11 (100.0) 6 (54.5) 5 (45.5) 0.49
Other medical problem 5(100.0) 2 (40.0) 3(60.0) 1.00
Congenital abnormalities 7 (100.0) 4 (57.1) 3(42.9) 0.67
Surgery performed 33 (100.0) 15 (45.5) 18 (54.5) 1.00
Type of surgery 0.53
Shunt VP 23 (100.0) 10 (43.5) 13 (56.5)
ETV 7 (100.0) 4 (57.1) 3(42.9)
Median age at admission, days (min, max) 105.5 (15, 998) 147.0 (15, 998) 103.5 (24, 477) 0.33
Median age at surgery, days (min, max) 135.0 (35.0, 1024.0) 163.0 (35, 1024.0) 132.0 (58.0, 484.0) 1.00
Median days between admission and surgery, (min, max) 23.0 (2.0, 49.0) 20.0 (2.0, 32.0) 245 (7.0, 49.0) 0.18
Median days between surgery and discharge, (min, max) 6.0 (2.0, 43.0) 5.0 (3.0, 43.0) 6.0 (2.0, 10.0) 0.96
Head circumference preoperatively, mean 4 SD 522 +79 50.0 + 8.2 543 + 6.9 0.04
Head circumference postoperatively, mean 4 SD 514 £ 7.1 493 + 7.0 542 £ 65 0.05
Survival status after surgery, n (%) 1.00
Survived 30 (100.0) 14 (46.7) 16 (53.3)
Deceased 3(100.0) 1(33.3) 2 (66.7)
VP, ventriculoperitoneal; ETV, endoscopic third ventriculostomy; SD, standard deviation.

Concerning childhood illness that might have contributed to
etiology of hydrocephalus at the time of presentation to BMC, 26
mothers (26/38; 68.4%) reported that their child had experienced
at least 1 episode of febrile illness. Malaria was reported in g of 26
patients (34.6%), 12 of 28 (42.9%) with a seizure, and 1 of 28
patients (3.6%) with a history of meningitis.

The first clinical sign of hydrocephalus was observed by
mothers to be increased HC (15/23; 65.2%), delayed milestones (4/
23; 17.4%), poor feeding (2/23; 8.7%), reduced growth (2/23;
8.7%), and the observation of a bulging fontanelle (2/23; 8.7%) (2
mothers reported on 2 characteristics).

Clinical Characteristics from Examination at Presentation

Among the 38 patients, 33 received surgery (Table 1). Twenty-three
patients had VP shunts, 7 ETVs, and 3 were of unknown
procedure. Mean HC was 52.2 cm (SD = 7.9) measured
preoperatively in 31 patients at the time of presentation to BMC.

Postoperatively the HC was measured in 28 children, with a
mean of 51.4 cm (SD = 7.1). When plotted on the World Health
Organization’s (WHO) HC chart for age and sex, 86% of the
patients had macrocephaly that was at least 2 SD greater than
normative values. Of the 33 patients who received surgery,
clinical signs registered included description of the fontanelle,
the presence or absence of the prominent skull veins and sun-
setting eyes, as well as increased lethargy of the child (Figure 3).

Surgical Treatment and Outcomes

The median age at the time of admission for the group of
children who were surgically treated was 105.5 days (range 15—
998 days). Median age at time of surgery was 135 days (range 35—
1024 days). The age at the time of surgery was not statistically
significant between the VP shunt operated group and the ETV
group (P = 0.23). The number of days between admission and
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Figure 3. Pre- and postoperative clinical signs. The apparent increase in the
presence of skulls veins postoperatively may be because we only have a
preoperative assessment of this variable in 12 patients; hence, the
number of patients with prominent skull veins before surgery is possibly
larger. In addition, we attribute this seemingly increase in the number of
patients with prominent skull veins to the fact that we have applied the
date of clinical assessment furthest away from the surgical date. In some
of the patients, the presence of prominent skull veins did in fact
temporarily resolve, only to reappear on later physical examinations.
Lastly, characterization of fontanelles, presence or absence of prominent
skull veins, and sun-setting eyes as well as lethargy are all indirect clinical
measures of hydrocephalus, and we do not expect much change

immediately after surgery.

surgery was registered in 32 patients, with a median of 23 days
(range 2—49 days).

Previous Neurosurgical Treatment

Six patients had a previous history of neurosurgical procedure; 4
patients with spina bifida repair (4/30; 13.3%) and 2 patients with a
previous shunt placement (2/29; 6.9%). Shunt blockage was reported
in the 2 patients with previous shunt placements (2/28; 7.1%).

Diagnostics

Ultrasound scanning was performed in 16 patients (16/31; 51.6%);
in 5 cases within the VP shunt—treated group and in all children
within the ETV group. Dandy—Walker malformation was observed
on ultrasound scans in 3 patients (3/13; 23.1%) and Arnold Chiari
type 2 malformation in 1 patient (1/15; 6.7%). In addition, 1 of
these 16 patients underwent a computed tomography scan of the
head as well as a radiograph of the head.

Complications

One pediatric patient (1/31; 3.2%) who had undergone ETV
developed seizures within the 24-hour postoperative period. One
patient who received a VP shunt developed diarrhea within the 24-
hour postoperative period. Postoperative complications after the
24-hour period included 2 patients who developed fevers, 1 with
obstipation, and 1 with vomiting. The eldest patient in the group
(close to 3 years old) was transferred to the pediatric intensive care
unit on the first postoperative day and developed tonic—clonic

seizures 7 days postoperatively. This patient was given pheno-
barbitone for seizure control, was transitioned to valproate on day
8 postoperatively, and was discharged on day 13.

Mortality

In total, 5 patients died during hospitalization. Two of these 5 did
not undergo surgery. One of these patients was reported to have
hydranencephaly and died 29 days after admission. The other
patient died 36 days after admission of unknown etiology. Three
patients (3/23; 13%) died following receiving a VP shunt. Of these 3
patients, 1 patient died within 24 hours after surgery (time period
from admission to time of surgery was 37 days) of unknown eti-
ology. Another patient had been discharged 8 days post-
operatively, then was readmitted at postoperatively day 16 due to
vomiting, oral thrush, anuria, and fevers; the patient passed 31
days postoperatively. The third patient passed away 21 days
postoperatively of unknown etiology.

Hospital Stay and Follow-Up

Follow up data regarding postoperative period and discharge were
available on 26 patients. Median days between surgery and
discharge was 6 days (range 2—43 days). Median time to last
clinical assessment was 28 days postoperatively.

DISCUSSION

In this study, we present data from the Weill Cornell Tanzania
Neurosurgery Project, a neurosurgical capacity-building project.
The study sample consists of a cohort of 38 pediatric patients with
hydrocephalus, where the majority (n = 23) received a VP shunt
and 7 had an ETV. The sex distribution in the study sample
consisted of more male subjects (55.3%) than female subjects,
which is consistent with other studies across the world™>*"*3/
and was also reported in a recent systematic review.*® The
median age on admission (within the entire patient population
of 38 children) of 9¢8.5 days is also comparable with other
studies from Tanzania,” Uganda,* and Malawi.*> The advanced
clinical presentation with near-refractory pediatric hydrocephalus
has been described in the hydrocephalus literature from both the
SSA region in general' "3°3* and Tanzania***° in particular.

Previous research from Uganda suggests that the most common
cause of pediatric hydrocephalus is postinfectious in SSA." Our
data show that almost 70% of the children in our study had a
history of febrile illness, which could suggest a similar etiology.
The impediments of course, of making this assumption include,
but are not limited to, poor prenatal care and history, restricted
diagnostic imaging before surgery along with sparse
intraoperative tools and use of endoscope.

Consistent with previous data, macrocephaly was the first
clinical sign of hydrocephalus observed by the mothers,*3*3° with
the great majority of pediatric patients presenting with HC greater
than 2 SD from normative values as per age/sex. One may
postulate that macrocephaly is a proxy for a progressed
hydrocephalus condition, and therefore that the patients in our
study presented late. In addition, not only did these patients
present late with clinical presentations of pediatric
hydrocephalus, there was often delay in treatment after
presentation. Our pediatric patients waited on average 23 days
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from admission to surgery. We attribute this delay to the lack of a
dedicated neurosurgical department, as neurosurgical services fell
under the general surgical department. This is consistent with
other studies, suggesting that not only late presentation, but
also delayed treatment, is a considerable challenge in many
resource-limited settings.”>® A study from Zambia found that
hospital-related factors, such as limited operating room time,
rather than individual patient-related factors, contributed to delay
access to needed surgical treatment.” Another study, concerned
with pediatric surgical capacity in Africa, found that median
waiting time for elective surgical procedures was 40 days, while
for emergency surgeries it was 7 days.?®

The treatment of pediatric hydrocephalus, even in well-
resourced settings, has high risks of postoperative complica-
tions, including but not limited to failure of treatment, risk of
infection, developmental delay, and other comorbidities that
reduce quality of life.* In our study, 2 patients developed
complications within 24 hours postoperatively whereas 4
children had complications greater than 24 hours after surgery.
The follow-up period in our study was limited due to families
being unable to come back to the outpatient clinic post-
operatively. One could anticipate, if consistent and longer follow-
up occurred, that there would be increased number of post-
operative complications contributing to morbidity and mortality.
The short and inconsistent follow-up period in our study limits
comparison to previous studies. Nevertheless, in a study by
Santos et al.*’ from the same setting, at least one surgical
complication was found in 33% of the children at first follow-
up assessment (median follow-up time of 70 days) and an
overall mortality rate of 14.5%. In our cohort of 38 patients, 5
died (5/38; 13.2%), which is comparable to the mortality rate of
Santos et al. In addition to follow-up duration, a systematic re-
view showed that WHO region also affects surgical incidence and
mortality.’

Despite positive efforts to strengthen access to neurosurgery in
SSA, such as the neurosurgical training program that this study
was part of, there continues to be no straightforward solution to
the ongoing challenges associated with pediatric hydrocephalus
care and treatment. Two recent and highly relevant global policy
actions need to be mentioned in this context. The WHA, which is
the decision-making organ of WHO, has formally decided to
identify neurology as a priority disease through the WHA reso-
lution 73.10.">%° This represents a historic milestone within global
neurology and neurosurgery for multiple reasons; we will outline
4 of them here. First, the resolution encouraged the development
of a 10-year Global Intersectoral Action Plan on Epilepsy and
Other Neurological Disorders to ensure a coordinated public
health effort within the fields of neurology and neurosurgery.
Second, it emphasizes the importance of acknowledging neuro-
logic and neurosurgical disorders as the most common causes of
disability and the second most common causes of mortality
globally,*>*" including hydrocephalus. Third, the resolution aims
to attain health equity through health-system strengthening,
particularly in low-resource settings, such as Tanzania. Lastly, the
WHO encourages member states to support a life course
approach, which not only includes the need for (surgical) treat-
ment, but also measures of prevention, surveillance, diagnosis,
and rehabilitation. This is particularly crucial for pediatric patients

with hydrocephalus, as they are dependent on lifelong clinical
care and close follow-up.

Correspondingly, the document “Comprehensive Policy Rec-
ommendations for the Management of Spina Bifida and Hydro-
cephalus in Low-and Middle-income Countries”*® from PGSSC at
Harvard Medical School has been crafted to aid policy and
decision makers to develop national strategies to reduce the
burden of pediatric hydrocephalus. Encouraging the same life
course approach, these recommendations span the areas from
surveillance and screening, surgical treatment, and rehabilitation.

The clinical data from our study is consistent with the global
investments mentioned previously as well as more recent
research from the same setting®* that argues the imperative need
to increase and improve neurosurgical capacity building in
Tanzania and SSA. Multidisciplinary and specialist care needs
to be reinforced throughout the entire clinical chain of care
for pediatric patients with hydrocephalus to optimize care
from diagnosis to treatment. In this regard, there is an
implied need for continuous scaled up neurosurgical services,
trained multispecialty medical personnel, encouragement of
early detection and strengthened follow-up for this patient
group in SSA.

Since 2016, the Weill Cornell Neurosurgery Project has redir-
ected its efforts toward Muhimbili Orthopedic and Neurosurgery
Institute in the city of Dar-es-Salaam. Currently, there are 3
neurosurgeons at BMC along with 2 trainees from Tanzania.
Annually, about 300 shunt surgeries (including about 5% re-
visions) are now performed at BMC. In addition, for diagnostic
workup, there are 2 computed tomography scanners as well as a
magnetic resonance imaging machine.

Strengths and Limitations

Even though there was no formally trained neurosurgeon at BMC
at the time of the study, we were still able to capture 38 pediatric
patients with hydrocephalus with their clinical histories and the
majority of them received surgical treatment.

Data collection was challenging, given the resource-limited
setting with sparse and inconsistent pre- and postoperative data
and follow-up. This includes, but is not limited to clinical history,
limited diagnostic imaging, and poor surgical and clinical follow
up. Through the help of a local medical student who was fluent in
both Swahili and English, we were able to obtain data from the
patients’ mothers, but unfortunately recall bias cannot be
excluded.

CONCLUDING REMARKS

Our study supplements data to the under-researched field of
management of pediatric hydrocephalus in low- and middle-
income countries where treatment of affected patients is met
with challenges. Although performed under challenging condi-
tions, studies like ours are essential as they contribute to
strengthening the scientific evidence required to support the
current efforts reflected by the WHO “Intersectoral Action Plan on
Epilepsy and Other Neurological Disorders” and the policy rec-
ommendations on spina bifida and hydrocephalus from the
PGSSC. Both endeavors may be seen as stimuli for increased focus
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and investment in pediatric neurologic and neurosurgical diseases
for both research and ongoing health policy development.

CRediT AUTHORSHIP CONTRIBUTION STATEMENT

Camilla G. Aukrust: Writing — original draft, Validation, Formal
analysis, Visualization, Conceptualization. Karishma Parikh:
Investigation, Conceptualization, Writing — review & editing.
Luke R. Smart: Conceptualization, Writing — review & editing.
Ibrahimu Mdala: Formal analysis, Visualization. Heidi E. Fjeld:
Writing — review & editing. James Lubuulwa: Writing — review &
editing. Antonia Msafiri Makene: Investigation. Roger Hirtl:

acquisition. Andrea Sylvia Winkler: Conceptualization, Writing —
review & editing, Supervision.

ACKNOWLEDGMENTS

We express our sincere gratitude toward all those who have
contributed with donations. In addition, we would like to thank
the doctors and nurses at Bugando who helped establish the
neurosurgical registry and who have worked hard to improve care
for this vulnerable and group of patients over the years, especially
Gerald Mayaya. We also express our appreciation to Maria Santos
and Ibrahim Hussain for reading the manuscript and providing

Conceptualization, Writing — review & editing, Funding valuable feedback.
management of hydrocephalic children in North- 22. Wilson DA, Garrett MP, Wait SD, et al. Expanding
REFERENCES ern Mozambique. World Neurosurg. 2015;84: neurosurgical care in northwest Tanzania: the
L. Dewan MC, Rattani A, Mekary R, et al. Global 671-676. early experience of an 11.11t13t1ve to teach neuro-
. / - surgery at Bugando Medical Centre. World Neuro-
hydrocephalus epidemiology and incidence: sys- Lo . .
. . . 13. Warf BC. Pediatric hydrocephalus in East Africa: surg. 2012;77:32-38.
tematic review and meta-analysis. ] Neurosurg. .
2018;130:1065-1079 prevalence, causes, treatments, and strategies for
o : the future. World Neurosurg. 2010;73:296-300. 23. Munch TN, Rasmussen M-LH, Wohlfahrt J,
hler M, Melbye M. Risk f: fc ital
2. Karimy JK, Reeves BC, Damisah E, et al. Inflam- . X . Jubler M, Melbye RI.S( %Ctors or congenita
0 . . 14. Idowu O, Olumide A. Etiology and cranial CT scan hydrocephalus: a nationwide, register-based,
mation in acquired hydrocephalus: pathogenic . ) .
mechanisms and therapeutic targets. Nat Rev profile of nontumoral hydrocephalus in a tertiary cohort study. ] Neurol Neurosurg Psychiatry. 2014;
Neurol. 2020516:285-206 ’ black African hospital: Clinical article. ] Neurosurg 85:1253-1259.
: 71012657208 Pediatr. 2011;7:397-400.
J halus in Afii 24. Rashid Q-T-A, Salat M, Enam K, et al. Time
3 Baur'nan -~ Poenz.lru D- Hy rocep IS n Affica: 2 15. Laeke T, Tirsit A, Biluts H, Murali D, Wester K trends and age-related etiologies of pediatric
surgical perspective. Ann African Surg. 2008;2. - R ) o o : hvd halus: lts of . Iysis i
Pediatric hydrocephalus in Ethiopia: treatment ydrocephalus: reS“AtS ol a groupwise analysis In
4. Kahle KTMD, Kulkarni AVMD, Limbrick DDMD, failures and infections: a hospital-based, retro- a clinical cohort. Child Nerv Syst. 2012;28:221-227.
; ; spective study. World Neurosurg. 2017;100:30-37.
Wagf gCDéS Hydrocephalus in  children. Lancet. P v 0 20171003037 25. Reid T, Grudziak ], Rodriguez-Ormaza N, et al.
2016;387:788-799. . ;
13877857799 16. Warf BC. Hydrocephalus in Uganda: the pre- C‘_“;:pi:c;“ons ;nld 3»monthdout§(k)lnles of.ch;ldren
; ; : o : it rocephalus treated with ventriculoper-
5. Wilmshurst J. Paediatric neurology in Africa: dominance  of 1{1fect10us origin andl primary ;’tvoneal};huntspin Malawi jNeL\::osurgvPediatr 2519‘
filling the gap. Dev Med Child Neurol. 2017;59:113. management with  endoscopic  third  ven- S tTa0-1a ’
triculostomy. | Neurosurg. 2005;102(1 suppl):1-15. 4:120°127.
6. Park KB, Johnson WD, Dempsey RJ. Global . 26. Winkler AS, Tluway A, Slottje D, Schmutzhard E
neurosurgery: the unmet Need. World Neurosurg. 17. Aukrust CG, Kamalo PD, Prince RJ, Sundby J, Hartl R E‘ast Afzica’n Nefxros‘urgical Researd;
. . §
2016;88:32-35. Mula C.’ Manda»Tay‘l or L. Improving competencies Collaboration. The pattern of neurosurgical dis-
and skills across clinical contexts of care: a qual- . i . .
o itative study on Malawian nurses’ experiences in orders in rural northern Tanzania: a prospective
7. Uche EO, Mezue WC, Ajuzieogu O, et al. an institutional health and traini hospital-based study. World Neurosurg. 2010;73:
Improving capacity and access to neurosurgery in utl raining programme. 264-269.
sub-Saharan Africa using a twinning paradigm Nurs Open. 2021;8:3170-3180.
pioneered by the Swedish African Neurosurgical ) 27. Yusuf AS, Omokanye HK, Adeleke NA,
Collaboration. Acta Neurochir (Wien). 2020;162: 18. Hirt R, }I-:llegala DB. Neurosurgery and global Akanbi RO, Ajiboye SO, Ibrahim HG. Manage-
973-981. health: go.m.g far alGnd fast, together. World Neuro- ment and Outcome of Infantile Hydrocephalus in
g Khovadh bk . | SUg. 2010573:259-250- a Tertiary Health Institution in Nigeria. ] Neurosci
. Mukhopadhyay S, Punchak M, Rattani A, et al. o . Rural Pract. 2017;8:249-253.
The global neurosurgical workforce: a mixed- 19. World Health Organization. Seventy-third world
methods assessment of density and growth. health assembly, provisional agenda items 1r.2, 28. Zaben M, Manivannan S, Sharouf F, et al. The
J Neurosurg. 2019;130:1142-1148. 11.6 and 15.1 "Consolidated re;.)ort.by the Director- efficacy of endoscopic third ventriculostomy in
General." World Health Organization. Available at: children 1 year of age or younger: a systematic
9. Burton A. Training non-physicians as neurosur- https://www.who.int/docs/default-source/mental- review and meta-analysis. Eur | Paediatr Neurol.
geons in sub-Saharan Africa. Lancet Neurol. 2017; health/a73-5-en.pdf?sfvrsn=4f601918_2. 2020. 2020;26:7-14.
16:684-685. Accessed November 1, 2021.
. . 29. Warf BC, Dagi AR, Kaaya BN, Schiff SJ. Five-year
10. Tyson AF, Msiska N, Kiser M, et al. Delivery of 20. CHYSPR. Comprehensive Policy Recommenda- survival and outcome of treatment for post-
operative pediatric surgical care by physicians and tions for the Management of Spina bifida and infectious hydrocephalus in Ugandan infants.
non-physician clinicians in Malawi. Int ] Surg. Hydrocephalus in Low-and Middle-income J Neurosurg Pediatr. 2011;8:502-508.
2014;12:509-515. Countries. Available at: http://www.chyspr.org.
Program in Global Surgery and Social Change, 30. Meara JG, Leather AJM, Hagander L, et al. Global
1. Muir RT, Wang S, Warf BC. Global surgery for Harvard Medical School. Published 2021. Surgery 2030: evidence and solutions for achieving
pediatric hydrocephalus in the developing world: a Accessed November 20, 2021. health, welfare, and economic development. Lan-
review of the history, challenges, and future di- cet. 2015;386:569-624.
rections. Neurosurg Focus. 2016;41:E11. 21. Santos MM, Rubagumya DK, Dominic I, et al.
Infant hydrocephalus in sub-Saharan Africa: the 31. Salvador SF, Oliveira J, Pereira J, Barros H, Vaz R.
12. Salvador S, Henriques JC, Munguambe M, reality on the Tanzanian side of the lake. Endoscopic third ventriculostomy in the manage-
Vaz RM, Barros HP. Challenges in the ] Neurosurg Pediatr. 2017;20:423-431. ment of hydrocephalus: outcome analysis of 168

WORLD NEUROSURGERY 161: E339-E346, May 2022

WWW.JOURNALS.ELSEVIER.COM/WORLD-NEUROSURGERY

E345


http://refhub.elsevier.com/S1878-8750(22)00140-1/sref1
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref1
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref1
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref1
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref2
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref2
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref2
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref2
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref3
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref3
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref4
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref4
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref4
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref5
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref5
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref6
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref6
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref6
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref7
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref7
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref7
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref7
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref7
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref7
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref8
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref8
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref8
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref8
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref9
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref9
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref9
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref10
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref10
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref10
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref10
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref11
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref11
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref11
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref11
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref12
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref12
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref12
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref12
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref12
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref13
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref13
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref13
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref14
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref14
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref14
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref14
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref15
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref15
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref15
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref15
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref16
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref16
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref16
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref16
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref17
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref17
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref17
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref17
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref17
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref17
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref18
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref18
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref18
https://www.who.int/docs/default-source/mental-health/a73-5-en.pdf?sfvrsn=4f601918_2
https://www.who.int/docs/default-source/mental-health/a73-5-en.pdf?sfvrsn=4f601918_2
https://www.who.int/docs/default-source/mental-health/a73-5-en.pdf?sfvrsn=4f601918_2
http://www.chyspr.org
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref21
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref21
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref21
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref21
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref22
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref22
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref22
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref22
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref22
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref23
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref23
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref23
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref23
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref23
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref24
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref24
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref24
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref24
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref25
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref25
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref25
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref25
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref25
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref26
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref26
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref26
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref26
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref26
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref26
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref27
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref27
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref27
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref27
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref27
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref28
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref28
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref28
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref28
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref28
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref29
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref29
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref29
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref29
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref30
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref30
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref30
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref30
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref31
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref31
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref31
www.journals.elsevier.com/world-neurosurgery

CAMILLA G. AUKRUST ET AL.

ORIGINAL ARTICLE

PEDIATRIC HYDROCEPHALUS IN TANZANIA

32.

33

34

35-

36.

consecutive procedures. Clin Neurol Neurosurg. 2014;
126:130-136.

Salem-Memou S, Chavey S, Elmoustapha H, et al.
Hydrocephalus in newborns and infants at the
Nouakchott National Hospital. Pan Afr Med ]. 2020;
36:184.

Leidinger A, Piquer ), Kim EE, Nahonda H,
Qureshi MM, Young PH. Treating pediatric hy-
drocephalus at the neurosurgery education and
development institute: the reality in the Zanzibar
Archipelago, Tanzania. World Neurosurg. 2018;117:
€450-e450.

Oneko M, Lyamuya S, Mhando S. Outcome of
hydrocephalus and spina bifida surgery in a
referral hospital without neurosurgical services in
Tanzania. Eur ] Pediatr Surg. 2002;12(suppl 1):
$39-S41.

Santos MM, Qureshi MM, Budohoski KP, et al.
The growth of neurosurgery in East Africa: chal-
lenges. World Neurosurg. 2018;113:425-435.

Djientcheu Vde P, Nguefack S, Mouafo TO, et al.
Hydrocephalus in toddlers: the place of shunts in

37-

38.

39-

40.

sub-Sahara African countries. Child Nerv Syst. 2011;
27:2097-2100.

Musonda M, Choolwe J, Jean R, Jakub G, Chiara P,
Cheelo M. Factors associated with waiting time for
patients scheduled for elective surgical procedures
at the University Teaching Hospital (UTH) in
Zambia. Ann Med Health Sci Res. 2020;10:1040-1045.

Toobaie A, Emil S, Ozgediz D, Krishnaswami S,
Poenaru D. Pediatric surgical capacity in Africa:
current status and future needs. ] Pediatr Surg.
2017;52:843-848.

Paulsen AH, Lundar T, Lindegaard K-F. Pediatric
hydrocephalus: 4o0-year outcomes in 128 hydroce-
phalic patients treated with shunts during child-
hood. Assessment of surgical outcome, work
participation, and health-related quality of life.
] Neurosurg Pediatr. 2015;16:633-641.

Winkler AS, Leonardi M, Michael BD, Abd-
Allah F, Carroll W, Guekht A. A WHO resolution
on epilepsy and other neurological disorders.
Lancet Neurol. 2021;20:171-172.

41. Knauss S, Stelzle D, Emmrich JV, Korsnes MS,
Sejvar JJ, Winkler AS. An emphasis on neurology
in low and middle-income countries. Lancet Neurol.
2019;18:1078-1079.

Conflict of interest statement: Funding for this study was
provided by The Leonard and Evelyn Lauder Foundation, The
Hansen-MacDonald Endowment, and the generosity of
patient donations from Weill Cornell Medicine.

The datasets used and analyzed are available from the
corresponding author upon reasonable request.

Received 12 December 2021, accepted 1 February 2022

Citation: World Neurosurg. (2022) 161:¢339-e346.
https.//doi.org/10.1016/j.wneu.2022.02.003

Journal homepage: www.journals.elsevier.com/world-
neurosurgery

Available online: www.sciencedirect.com

1878-8750/© 2022 The Author(s). Published by Elsevier Inc.

This is an open access article under the CC BY license
(http.//creativecommons.org/licenses/by/4.0/).

E346

WWW.SCIENCEDIRECT.coM

WORLD NEUROSURGERY, HTTPS://DOI.ORG/10.1016/4.WwNEU.2022.02.003


http://refhub.elsevier.com/S1878-8750(22)00140-1/sref31
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref31
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref32
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref32
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref32
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref32
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref33
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref33
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref33
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref33
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref33
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref33
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref34
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref34
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref34
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref34
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref34
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref35
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref35
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref35
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref36
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref36
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref36
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref36
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref37
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref37
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref37
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref37
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref37
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref38
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref38
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref38
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref38
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref39
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref39
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref39
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref39
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref39
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref39
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref40
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref40
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref40
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref40
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref41
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref41
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref41
http://refhub.elsevier.com/S1878-8750(22)00140-1/sref41
https://doi.org/10.1016/j.wneu.2022.02.003
www.journals.elsevier.com/world-neurosurgery
www.journals.elsevier.com/world-neurosurgery
www.sciencedirect.com/science/journal/18788750
http://creativecommons.org/licenses/by/4.0/
www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2022.02.003

	Pediatric Hydrocephalus in Northwest Tanzania: A Descriptive Cross-Sectional Study of Clinical Characteristics and Early Su ...
	Introduction
	Methods
	Study Area/Setting
	Study Design, Study Sample, and Data Collection
	Ethics Statement
	Analysis

	Results
	Demographics
	Clinical Characteristics from Maternal Retrospective Reporting
	Clinical Characteristics from Examination at Presentation
	Surgical Treatment and Outcomes
	Previous Neurosurgical Treatment
	Diagnostics
	Complications
	Mortality
	Hospital Stay and Follow-Up

	Discussion
	Strengths and Limitations

	Concluding Remarks
	References


