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cauterization (ETV + CPC) is a major alternative to ventriculoperitoneal
shunting in infants in sub-Saharan Africa. Its efficacy is well documented, but
its own morbidity far less so. Objective: To describe the complications, their
timing and severity, treatment failures, reoperations and mortality after ETV +
CPC in a West African university hospital. Patients and Methods: A single-
centre retrospective study of 120 consecutive infants aged 24 months or younger,
operated on between 1 January 2024 and 30 April 2026. The endpoints were
postoperative complications graded according to the Clavien-Dindo classifi-
cation, their time to onset, treatment failure, reoperation, shunt-free survival
(Kaplan-Meier) and mortality, with attribution to the procedure established
case by case. Proportions are reported with exact 95% confidence intervals.
Results: Seventeen patients (14.2%; 8.5 - 21.7) had at least one postoperative
adverse event, amounting to 18 events—the five deaths being included as Cla-
vien-Dindo grade V—with a median time to onset of 8 days; 77.8% occurred
within 30 days, but the six secondary stoma obstructions were spread from
day 21 to the eighth month. Of four cases of meningitis (3.3%), three were
healthcare-associated (2.5%) and one was intercurrent and community-ac-
quired (Neisseria meningitidis). Nine patients (7.5%) were reoperated on: six
shunts and three endoscopic revisions. Shunt-free survival was 92.7% at twelve
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months. Mortality was 4.2% (1.4 - 9.5); a single death (0.8%) was attributable
to the procedure, three were of indeterminate cause and one followed inter-
current community-acquired meningitis. Conclusion: Morbidity was moder-
ate and mortality rarely attributable to the procedure itself. The timing argues
for close monitoring during the first month and scheduled follow-up up to one
year; the attribution of infections must be established case by case where com-
munity-acquired meningitis is endemic.

Keywords

Infant Hydrocephalus, Endoscopic Third Ventriculostomy, Choroid Plexus
Cauterization, Postoperative Complications, Sub-Saharan Africa

1. Introduction

Infant hydrocephalus is one of the most common paediatric neurosurgical condi-
tions, and its burden falls disproportionately on sub-Saharan Africa, where the
incidence of congenital hydrocephalus is estimated at 145 per 100,000 live births
versus 68 in North America [1]. Recent African series confirm both the scale
of the surgical need and the diversity of aetiologies across the continent [2]-
[4].

Ventriculoperitoneal shunting remains the reference treatment, but it creates
permanent dependence on implanted hardware. In sub-Saharan Africa, the re-
ported rates of shunt infection and malfunction alone justify the search for alter-
natives: Gathura et al. report poor hardware survival in Kenya [5], and a Ugandan
randomized trial found a substantial infectious risk regardless of the valve model
used [6].

Endoscopic third ventriculostomy combined with choroid plexus cauterization
(ETV + CPC), developed and disseminated by Warf in Uganda, durably treats a
substantial proportion of infants without implanted hardware [7]-[10]. Its efficacy
has been extensively studied, including in a meta-analysis of 1918 infants [11]. Its
own safety profile is far less documented: most publications report success or fail-
ure rates without detailing the nature of the complications, their timing, their se-
verity or their actual attribution to the procedure. Yet where access to paediatric
intensive care and follow-up imaging is limited, this description determines the or-
ganization of postoperative monitoring.

The aim of this work was to describe the postoperative complications, their tim-
ing and severity, treatment failures, reoperations and mortality observed after
ETV + CPC in infants at Bouaké University Hospital, Cote d’Ivoire.

2. Patients and Methods
2.1. Study Design and Population

A single-centre retrospective descriptive study was conducted in the neurosurgery
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department of Bouaké University Hospital (Cote d’Ivoire) over 28 months, from
1 January 2024 to 30 April 2026. Reporting follows the STROBE recommendations
for observational studies [12].

This cohort is also the subject of four companion analyses, none of which was
submitted at the time this manuscript was written: the preoperative profile, the
clinical outcomes with an economic evaluation against shunting, the preoperative
factors associated with success, and the development of the neuroendoscopy pro-
gramme. They are therefore not cited, and the authors undertake to share the cur-
rent versions with the editorial office on request. The present work addresses only
morbidity, mortality and failure, and reproduces no primary result of the compan-
ion works; the patients, the period and the inclusion criteria are identical across
the five analyses. A delineation of the variables, endpoints and analyses unique to
each of the five manuscripts is provided in Supplementary Table S1, and the com-
panion works will be cross-referenced once available, in line with ICMJE guidance

on overlapping publications.

2.2. Inclusion and Non-Inclusion Criteria

Inclusion: Infants aged 24 months or younger, hydrocephalus confirmed on im-
aging, treated by ETV + CPC, with a usable medical record and documented post-
operative follow-up. The diagnosis was based on ventricular dilatation on trans-
fontanellar ultrasound, computed tomography or magnetic resonance imaging,
together with clinical signs of raised intracranial pressure or an increasing head
circumference. Recruitment was exhaustive over the study period.
Non-inclusion: Incomplete medical record, unusable preoperative imaging, or
death occurring before assessment of the treatment outcome from a cause unre-
lated to hydrocephalus or to the procedure. No minimum follow-up duration was
required; the consequences are reported in the Results and discussed in the Strengths
and Limitations. Procedures converted intraoperatively to shunting were excluded
by design, the analysis being restricted to completed ETV + CPC; the treatment-

attempt denominator is reported in Section 3.1.

2.3. Operative Technique

ETV + CPC was performed under general anaesthesia with a flexible KARL STORZ
neuroendoscope. Antibiotic prophylaxis with ceftriaxone was administered before
skin incision. After a paramedian precoronal burr hole and ventricular catheter-
ization, cerebrospinal fluid was systematically sampled for cytobacteriological
analysis; the floor of the third ventricle was fenestrated at the centre of the triangle
formed by the mammillary bodies and the infundibular recess with a monopolar
Bugbee electrode, and the Liliequist membrane was opened to secure communi-
cation with the basal cisterns. Choroid plexus cauterization was then performed
with monopolar current from the foramen of Monro to the tip of the temporal
horn on both sides, with endoscopic septostomy where required, following the

technique described by Warf. Closure comprised the dura where feasible, then the
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galea and subcutaneous plane with resorbable suture and the skin with interrupted
or running suture; the burr hole was occasionally plugged with Surgicel. After each
procedure, the instruments underwent a standardized high-level reprocessing pro-
tocol. Postoperatively, patients were monitored on the ward with a vital-signs chart
and daily clinical examination, received analgesia and hydro-electrolyte support
and antibiotic prophylaxis continued for 48 hours, and had head circumference
measured daily for five days before discharge. Postoperative imaging was not sys-

tematic and was obtained only when clinically indicated.

2.4. Definitions

Postoperative complication: Any adverse event occurring after the procedure
and documented in the record during follow-up. The count distinguishes the pa-
tients who had at least one complication from the total number of events, an initial
event being able to give rise to a further complication itself. The date of onset of
each event was recorded.

Severity: Complications were graded retrospectively from the records accord-
ing to the Clavien-Dindo classification [13]: I, symptomatic treatment or simple
monitoring; I, pharmacological treatment, chiefly antibiotics; IIla, procedure with-
out general anaesthesia; IIIb, procedure under general anaesthesia; IVa and IVDb,
organ failure with survival; V, death.

Postoperative meningitis and attribution: Any meningitis diagnosed after the
procedure was recorded, in the presence of an infectious syndrome with sugges-
tive cerebrospinal fluid (CSF), with or without bacteriological identification. A
case was classified as confirmed healthcare-associated infection when meningitis
occurred more than 48 hours after the procedure together with an operative portal
of entry (CSF leak or wound infection) or a nosocomial organism; as probable
healthcare-associated infection when the temporal and clinical picture fitted a care-
related infection, but no organism was isolated (antibiotic therapy having been
given before lumbar puncture); and as intercurrent community-acquired menin-
gitis when there was no breach or operative-site abnormality and the organism
was a recognized community pathogen. The classification took into account the time
to onset, the organism, the presence of a breach or an abnormality of the operative
site, and the local epidemiological context. This case-by-case distinction is neces-
sary in a region belonging to the African meningitis belt, where community-acquired
meningitis may occur in a recently operated infant with no connection to the pro-
cedure.

Secondary stoma obstruction: Recurrence or worsening of signs of raised in-
tracranial pressure after an initial improvement, with confirmation at reoperation
or, failing that, on imaging of the non-functional nature of the stoma.

Treatment failure: The need for a further operation for hydrocephalus, absent
or only transient clinical improvement, or death during follow-up—the definition
used in the companion works on the same cohort. Failure and complication are

not equivalent: a complication may resolve without failure, and a failure may oc-
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cur without any recorded complication.

Mortality: Overall postoperative mortality covers all deaths occurring during
follow-up. Attribution was classified as direct (death from an intraoperative tech-
nical complication), indirect (death from a postoperative complication of the pro-
cedure), indeterminate (a death whose relationship to the procedure or to periop-
erative care could not be established or excluded from the records) or not attribut-
able (no link with the procedure, including death from an intercurrent commu-
nity-acquired condition). The attribution of infections and deaths was adjudicated
independently by two authors, a neurosurgeon and an anaesthesiologist, using the
clinical, microbiological and temporal criteria described above, which were defined

before adjudication. Any disagreement was resolved by consensus.

2.5. Data Analysis

Categorical variables are expressed as counts and percentages with a 95% confi-
dence interval (CI) computed by the exact Clopper-Pearson method; quantitative
variables as mean and range, or median and range.

Shunt-free survival was estimated by the Kaplan-Meier method [14]. The event
was placement of a secondary ventriculoperitoneal shunt; endoscopic revisions
were not counted as events, with the patient remaining free of implanted hard-
ware. Patients were censored at their last consultation or at death—a convention
that treats death as censoring whereas it constitutes a competing risk, which is dis-
cussed in the Strengths and Limitations.

No comparative analysis was undertaken: the number of events, of deaths in
particular, did not allow associations to be estimated with acceptable power.
All analyses were performed in Python 3.12 (NumPy 2.4, SciPy 1.17); the exact
binomial confidence intervals were obtained from the Beta quantile function

(scipy.stats.beta).

2.6. Ethical Considerations

The study was conducted in accordance with the Declaration of Helsinki (2013 re-
vision). Because Bouaké University Hospital had no constituted ethics committee
during the study period, the study was initially authorized by the head of the De-
partment of Neurosurgery and by the hospital management. It subsequently received
retrospective approval from the Institutional Ethics Committee of Bouaké Univer-
sity Hospital (approval No. CEI/CHU-BKE/106/2026, 14 June 2026). Written in-
formed consent was obtained from the parents or legal guardians at the time of care,

and all data were anonymized before analysis.

3. Results
3.1. Population and Follow-Up

One hundred and sixty-three hydrocephalic infants were assessed during the

study period; 40 were referred directly for shunting or judged ineligible for neu-

roendoscopy, 123 were taken to the operating theatre, and 3 procedures were in-
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terrupted intraoperatively and converted to shunting. The 120 completed endo-
scopic third ventriculostomies constitute the population analysed here. Of the 123
attempted procedures, intraoperative conversion to shunting occurred in 3 (2.4%);
the indications were an unfavourable anatomy of the third-ventricle floor, with
landmarks judged insufficiently reliable to perform the ventriculostomy safely, in
one case; thick and opaque prepontine membranes preventing a communication
judged safe with the basal cisterns in one case; and intraoperative intraventricular
bleeding that durably impaired endoscopic visibility and led to interrupting the
procedure as a precaution in one case, the bleeding being controlled without bas-
ilar trunk injury or documented intraoperative deficit. Intraoperatively, minor bleed-
ing controlled by Ringer’s lactate irrigation was recorded in 11 of the 120 com-
pleted procedures (9.2%)—from prepontine cistern vessels in 6, choroid plexus in
4 and cortico-dural veins in 1—with no basilar trunk injury. Choroid plexus cau-
terization was bilateral in 117 infants (97.5%) and covered 80% - 100% of the ac-
cessible plexus in 100 of the 117 bilateral procedures (85.5%). The mean age was
7.6 months (range 21 days to 24 months) and 73 patients (60.8%) were male. Aq-
ueductal stenosis was the predominant cause (77; 64.2%), ahead of Dandy-Walker
malformation (21; 17.5%), post-meningitic hydrocephalus (10; 8.3%) and mye-
lomeningocele (10; 8.3%); the cause remained undetermined in 2 patients (1.7%).

The general characteristics are presented in Table 1.

Table 1. General characteristics of the 120 infants treated by endoscopic third ventriculostomy
with choroid plexus cauterization.

Characteristic n %

Age at surgery

7.6 months

M
ean (range) (21 days - 24 months)

Sex

Male 73 60.8
Female 47 39.2

Cause of hydrocephalus
Aqueductal stenosis 77 64.2
Dandy-Walker malformation 21 17.5
Post-meningitic hydrocephalus 10 8.3
Myelomeningocele 10 8.3
Undetermined 2 1.7

Ventricular morphology

Triventricular 77 64.2
Tetraventricular 43 35.8
Previous ventriculoperitoneal shunt 3 2.5
DOI: 10.4236/nm.2026.173013 152 Neuroscience and Medicine
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Continued

Preoperative imaging

CT alone 86 71.7
Ultrasound and CT 28 23.3

CT and MRI 6 5.0
Total 120 100.0

CT: computed tomography; MRI: magnetic resonance imaging; ultrasound: transfontanel-
lar ultrasound. The five aetiological categories and the two ventricular morphologies are
mutually exclusive.

Ninety-two patients (76.7%) were reviewed several times, with a mean of two
consultations and up to four; 26 (21.7%) were seen only once, one month after
surgery, and 2 (1.7%) were lost to follow-up. Five patients died between the first
and the twentieth postoperative day, so that their observation ended before one
month, and the stated interval of 30 days to 2 years, for a mean of 7.5 months,
applies only to the others. The date of the last visit was not recorded: at least 28
patients (23.3%) had no assessment beyond the first postoperative month, and the
individual follow-up of the other 92 is not documented. The crude rates below
must therefore be read as minimum estimates, which is why shunt-free survival is
also presented as a Kaplan-Meier estimate. Follow-up was not governed by a fixed
schedule and imaging was obtained only on clinical indication; unless otherwise
stated, the event dates reported below correspond to the documented onset of
symptoms or clinical presentation that led to diagnosis, rather than detection during
scheduled surveillance. Individual follow-up durations beyond the first month were
not systematically recorded (mean approximately 7.5 months among survivors); a
median, interquartile range and exact 6- and 12-month follow-up proportions there-
fore cannot be derived, and the unequal follow-up is handled by the time-to-event

analyses (Kaplan-Meier and competing-risk cumulative incidence, Section 3.4).

3.2. Overall Postoperative Morbidity and Timing

Seventeen patients had at least one postoperative adverse event, an all-cause mor-
bidity of 14.2% (95% CI: 8.5 - 21.7), for a total of 18 events. Fourteen patients
(11.7%; 6.5 - 18.8) had a recorded complication accounting for 15 of these events
(Table 2); one of them had a CSF leak subsequently complicated by meningitis,
and all the others a single event. Three further patients, and three further events,
were early neurological or anaesthetic deteriorations that proved fatal and gave rise
to no other recorded complication; by the definition adopted, these are counted
as adverse events and graded V, so that all five deaths appear in the all-cause and
grade-V tallies. Complications and mortality attributable to the procedure are re-
ported as a secondary outcome (Sections 3.6 and 4.2).

Secondary stoma obstruction was the most frequent complication, in 6 patients
(5.0%; 1.9 - 10.6), ahead of meningitis in 4 (3.3%; 0.9 - 8.3) and isolated hyperther-
miain 2 (1.7%; 0.2 - 5.9); CSF leak, superficial wound suppuration and strabismus
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each occurred in 1 patient (0.8%; 0.0 - 4.6). The complications, their time to onset,
their management and their Clavien-Dindo grade are presented in Table 2.

Table 2. Postoperative complications: frequency, time to onset, management and Clavien-Dindo grade (n = 120).

Complication n % (95% CI) Time to onset Management Grade

Secondary stoma Endoscopic revision (3) or

6 5.0(1.9-10.6) Day2l to month 8 IIIb (6)

obstruction ventriculoperitoneal shunt (3)
Antibiotic therapy; secondary
Meningiti 4 3.3(0.9-8.3 Day 6 to day 18 IIIb (2), V (2
cnngtis ( ) aybroday shunt after CSF sterilization (2) 2.V
Monitori d t ti
Isolated hyperthermia 2 1.7 (0.2 - 5.9) Day 1 and day 2 onfforing and symptomatic 1(2)
treatment
S d t d al
Cerebrospinal fluid leak 1 0.8 (0.0 - 4.6) Day 5 econ aljy suture ?n. er gener IIIb (1)
anaesthesia and antibiotic therapy
S ficial d
uperiicia v.voun 1 0.8 (0.0 - 4.6) Day 7 Local care and antibiotic therapy II (1)
suppuration
Strabismus 1 0.8 (0.0 - 4.6) Day 3 Monitoring; spontaneous resolution 1(1)
Early ne.urologi.cal o.r 3 25(0.5-7.1) Day 1 to day 7 Intensive supportive care; Vv (3)
anaesthetic deterioration fatal outcome
Median 8 days
Total events 18 — th — I[3,111,11Ib9,V5

(1 day - 8 months)
Patients affected 17 14.2 (8.5 -21.7) — — —

Seventeen patients had at least one postoperative adverse event, for 18 events; 14 of them had a recorded complication (15 events,
one being a cerebrospinal fluid leak subsequently complicated by meningitis) and three further patients had a fatal early neurological
or anaesthetic deterioration. Confidence intervals were computed by the exact Clopper-Pearson method. The five grade-V events
are the five deaths. Grades I and II represent 4 of the 18 events (22.2%), grades IIIb and V 14 of 18 (77.8%), ie., 13 patients (10.8%).
No event was grade IIIa, IVa or IVb. CI: confidence interval; CSF: cerebrospinal fluid.

3.3. Infectious Complications and Attribution
Four cases of meningitis were diagnosed after the procedure, in infants aged 2 to 12

months, between day 6 and day 18. Their characteristics are presented in Table 3.

Table 3. The four cases of meningitis diagnosed after surgery: cause of hydrocephalus, time to onset, cerebrospinal fluid, organism,
course and attribution.

Case Aectiology Onset Cerebrospinal fluid Organism Course Attribution
1850/ 3, 86% trophils; R s
M1 Dandy-Walker Day 6 fm ® MEropAars Escherichia coli ecovery Confirmed HAI
2.40 g/L; 0.22 g/L then shunt
920 3, 78% trophils; R s
M2 Dandy-Walker Day 11 fmm M Negative culture ecovery. Probable HAI
1.85 g/L; 0.28 g/L then shunt
3200/mm?, neutrophil Sepsis;
Intercurrent

M3  Aqueductal stenosis Day 18 predominance; 3.10 g/L; Neisseria meningitidis ~ death on . .
community-acquired

collapsed CSF glucose day 20
. 2400/mm?>, 90% neutrophils;  Methicillin-sensitive Death on
M4 Aqueductal stenosis  Day 9 Confirmed HAI
2.75g/L; 0.18 g/L Staphylococcus aureus  day 15

HAT: healthcare-associated infection. The cerebrospinal fluid is described by cellularity, then protein, then glucose. Case M4 fol-
lowed a cerebrospinal fluid leak that appeared on day 5. Meningitis, all causes combined: 4 patients (3.3%; 0.9 - 8.3). Healthcare-
associated meningitis: 3 patients (2.5%; 0.5 - 7.1).
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The first two occurred in infants with Dandy-Walker malformation, on day 6
and day 11, with purulent CSF. Culture isolated Escherichia coliin the first case
and remained negative in the second, antibiotic therapy having been given before
the lumbar puncture. Both recovered on antibiotic therapy and were shunted once
the CSF was sterilized; they were classified respectively as confirmed and probable
healthcare-associated infection.

The third case occurred in an infant with aqueductal stenosis and was diag-
nosed on day 18 in the presence of an isolated acute meningeal syndrome, without
CSF leak, without wound infection and without any abnormality of the operative
site; culture isolated Neisseria meningitidis and the course was towards neurolog-
ical sepsis with death on day 20. In the absence of an operative portal of entry, and
given the organism, this case was classified as intercurrent community-acquired
meningitis and not as a surgical site infection.

The fourth case followed a CSF leak. One patient (0.8%) with aqueductal ste-
nosis had a CSF leak through the surgical wound on day 5, treated by secondary
suture in the operating theatre, under general anaesthesia, with appropriate anti-
biotic therapy; methicillin-sensitive Staphylococcus aureus meningitis developed
on day 9 and the patient died on day 15. This is the only confirmed healthcare-
associated infection with a fatal course in the series. A superficial wound suppu-
ration was also observed on day 7 in a 22-month-old girl and healed with local care
and antibiotic therapy, without reoperation.

Three distinct indicators must therefore be considered: meningitis occurring af-
ter the procedure, whatever its cause, 4 patients (3.3%; 0.9 - 8.3); healthcare-associ-
ated meningitis, 3 patients (2.5%; 0.5 - 7.1); and infections directly related to the
procedure, wound suppuration included, 4 patients (3.3%; 0.9 - 8.3). In a sensitivity
analysis classifying the community-acquired episode (case M3) as a healthcare-as-
sociated infection, healthcare-associated meningitis would rise to 4 patients (3.3%;
0.9 - 8.3) and procedure-attributable mortality to 2 patients (1.7%; 0.2 - 5.9).

3.4. Secondary Stoma Obstruction, Reoperations and Shunt-Free
Survival

Secondary stoma obstruction was observed in 6 patients aged 3 to 16 months, from
day 21 to the eighth postoperative month: five had congenital aqueductal stenosis
and one post-meningitic hydrocephalus. Three were treated by endoscopic revision
and three by shunting. Obstruction therefore affected 5 of the 77 aqueductal stenoses
(6.5%) and 1 of the 10 post-meningitic hydrocephalus cases (10.0%).

Nine patients (7.5%; 3.5 - 13.8) were reoperated on for hydrocephalus: 6 sec-
ondary ventriculoperitoneal shunts (5.0%; 1.9 - 10.6) and 3 endoscopic revisions
(2.5%; 0.5 - 7.1). The six shunts were placed in the three stoma obstructions not
revised endoscopically, in two patients shunted after recovery from healthcare-
associated meningitis, and in one patient with Dandy-Walker malformation pre-
senting a symptomatic recurrence without documented obstruction. The three en-
doscopic revisions, all for stoma obstruction, controlled the hydrocephalus with-

out subsequent shunting during the available follow-up.
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Shunt-free survival, estimated by the Kaplan-Meier method, was 97.4% at one
month, 96.2% at three months, 94.8% at six months and 92.7% at twelve months,
with no further event beyond—an estimate that takes into account the unequal
observation durations. In a competing-risk analysis treating death as a competing
event, the cumulative incidence of secondary shunting was 2.5%, 3.6%, 5.0% and
7.0% at one, three, six and twelve months (Aalen-Johansen estimator), a shunt-
free probability of 93.0% at twelve months that is materially unchanged from the
Kaplan-Meier estimate; the cuamulative incidence of death was 4.2%, so that event-
free survival, alive and free of a shunt, was 88.8% at twelve months. The month-
by-month estimates are reported in Supplementary Table S2, and the cumulative-
incidence curves for secondary shunting and death are shown in Supplementary

Figure S1.

3.5. Treatment Failures

Fourteen patients (11.7%; 6.5 - 18.8) had a treatment failure: 7 transient clinical
improvements, 2 absences of improvement and 5 deaths. Nine of these fourteen
patients were reoperated on; the other five were deceased patients, none of whom

could be reoperated on beforehand.

120 infants
(ETV + CPC)
Complication Complication Failure without
without failure and failure recorded complication
4 (3.3%) 13 (10.8%) 1 (0.8%)

Reoperations for hydrocephalus
9 (7.5%)
3 endoscopic revisions + 6 shunts

Deaths
5 (4.2%)
1 attributable - 3 indeterminate
1 not attributable

All-cause adverse events (complications) = 17 (14.2%); treatment failures = 14 (11.7%).
Figures on the arrows are patient counts; the three endoscopic revisions are not counted as shunts.

Figure 1. Flow diagram of complications, treatment failures and reoperations after endoscopic third ventriculostomy

with choroid plexus cauterization in 120 infants. Complications and failures did not concern the same patients: 13 pa-

tients had both, 4 had a complication without failure and 1 had a failure without any recorded complication. The three

endoscopic revisions are not counted as shunts, with the patient remaining free of implanted hardware. The figures

on the arrows are patient counts.
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Table 4. The five deaths observed.

All-cause adverse events (14.2%) and failures (11.7%) overlap only partially
(Figure 1). Thirteen patients (10.8%) had both: the six stoma obstructions, the
two healthcare-associated meningitis cases shunted after recovery, the two fatal
meningitis cases and the three early neurological or anaesthetic deaths, all of
which count as adverse events. Four (3.3%) had a complication without failure and
one (0.8%) had a failure without any recorded complication—a symptomatic recur-
rence without documented obstruction. One hundred and two patients (85.0%)
had neither.

By aetiology, the 10 failures among the aqueductal stenoses (13.0% of this group
of 77) were the five stoma obstructions and the five deaths. The 3 failures among
the Dandy-Walker malformations (14.3% of 21) were all non-obstructive: two
healthcare-associated meningitis cases shunted after recovery and one sympto-
matic recurrence that was shunted. The single failure in the post-meningitic group
was a stoma obstruction, and no failure was observed among the 10 myelomenin-

goceles or in the 2 patients with an undetermined cause.

3.6. Mortality

Five deaths were recorded, an overall mortality of 4.2% (1.4 - 9.5), in four boys
and one girl aged 3 to 15 months. Deaths occurred between the first and the twen-
tieth postoperative day, with a median of 7 days; the 30-day mortality is therefore
also 4.2%. The cases are detailed in Table 4.

Case
D1
D2
D3

D4

D5

Age
4 months
3 months

15 months

11 months

6 months

Day
Day1
Day 2
Day 7

Day 15

Day 20

Cause of death Attribution to the procedure
Delayed anaesthetic recovery and status epilepticus Indeterminate
Isolated status epilepticus Indeterminate
Delayed anaesthetic recovery and status epilepticus Indeterminate

Staphylococcus aureus meningitis consecutive to a
Pay . g Attributable (indirect)
cerebrospinal fluid leak

Neisseria meningitidis community-acquired meningitis, Not attributable

neurological sepsis (community-acquired)

Four boys and one girl; the individual sex of each case was not available in the records. All had triventricular hydrocephalus from
aqueductal stenosis. Median time to death: 7 days; all deaths occurred before the thirtieth postoperative day. Attribution is classified

as direct, indirect (attributable), indeterminate (relationship neither established nor excluded from the records) or not attributable

(intercurrent community-acquired). No death was directly attributable; procedure-attributable mortality is 0.8% (1 patient, D4);
three deaths (D1 - D3) are of indeterminate cause and one (D5) is not attributable.

No death was directly attributable to an intraoperative technical complication.
A single death (0.8%; 0.0 - 4.6) was indirectly attributable to the procedure: the
Staphylococcus aureus meningitis that followed a CSF leak. One death (0.8%;
0.0 - 4.6) was not attributable: the community-acquired Neisseria meningitidis
meningitis described above. Three further deaths (2.5%; 0.5 - 7.1) were of inde-
terminate cause—isolated status epilepticus in one and status epilepticus with de-

layed anaesthetic recovery in the other two—their relationship to the procedure
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or to perioperative care being neither established nor excluded from the records.
Two deaths were of infectious origin, but only one from a healthcare-associated
infection. In a sensitivity analysis treating the community-acquired case (D5) as a
healthcare-associated infection, procedure-attributable mortality would be 2 pa-
tients (1.7%; 0.2 - 5.9). All five deceased patients had triventricular hydrocephalus

from aqueductal stenosis.

3.7. Severity of Complications

Clavien-Dindo grading of the 18 events gave 3 grade I events, 1 grade II, no grade
IIIa, 9 grade I1Ib, no grade IV and 5 grade V (Table 2), the five grade-V events being
the five deaths. Grades I and II, requiring neither a procedure nor anaesthesia,
represented 4 of the 18 events (22.2%); grades IIIb and V, requiring reoperation
or resulting in death, 14 of 18 (77.8%), ie., 13 patients (10.8%).

4. Discussion

In this series of 120 infants treated by ETV + CPC, all-cause postoperative mor-
bidity was 14.2% (11.7% of infants having a non-fatal complication), mortality
4.2% and the failure rate 11.7%. Recording the times to onset, analysing the at-
tribution of infections and grading severity take the description beyond a simple

count of events.

4.1. Overall Morbidity and Severity

Secondary stoma obstruction was both the most frequent complication (5.0%) and
the leading identifiable cause of failure. It most often results from cicatricial clo-
sure of the ventriculostomy, promoted by inflammatory remodelling and by the
arachnoid membranes of the prepontine cisterns; a post-infectious aetiology is
scored zero in the endoscopic third ventriculostomy success score because of the
risk it carries [10]. Obstruction affected 10.0% of our post-meningitic hydroceph-
alus cases versus 6.5% of the aqueductal stenoses, in the direction of that scoring
but without possible interpretation given the size of the first group; Warf’s Ugan-
dan series, moreover, finds no worse outcome for post-infectious forms in infants
under one year of age [7]. No obstruction occurred among the 21 Dandy-Walker
malformations, whose three failures were all infectious or recurrences without
documented obstruction—an observation compatible with Warf ez al. [15], but on
too small a number to go beyond a hint.

The meta-analysis by Albalkhi ef al, covering 1918 infants, reports an overall
complication rate of 4% after ETV + CPC [11]. Our recorded complication rate
of 11.7% is higher, and the Clavien-Dindo grading explains part of the gap: more
than a quarter of our events are grade I or II—hyperthermia, strabismus, superfi-
cial wound suppuration—which many series do not report. Restricting the count
to events that required a procedure under general anaesthesia or that resulted in
death yields a severe-morbidity rate of 10.8% (13 patients, Clavien-Dindo IIIb -
V). The heterogeneity of definitions and follow-up durations across the included
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studies, which the authors note as a limitation, adds to this. Crude comparison
between series therefore has little value without a shared definition of complica-
tion: the prospective series by Stone and Warf and by the Hydrocephalus Clinical
Research Network, conducted under very different monitoring conditions, report
profiles that are not superimposable on those of the African series [16] [17].

The absence of any basilar trunk injury deserves to be emphasized, injury to the
basilar trunk being the most feared complication of ventriculostomy [18]; the in-
traoperative bleeding that did occur was minor and controlled by irrigation in
every case (Section 3.1). Obtained over 120 procedures, the absence of basilar in-
jury remains compatible with a real risk: the upper bound of the 95% confidence

interval of an event not observed in 120 is 3.0%.

4.2. Infectious Complications: Attribution Changes the Reported
Rate

The case-by-case analysis of the four cases of meningitis yields what seems to us
the most transferable result of this work. The crude rate of postoperative menin-
gitis is 3.3%, but one case—day 18, no leak, no operative site abnormality, Neis-
seria meningitidis—is intercurrent community-acquired meningitis. The study
region belongs to the African meningitis belt, and Neisseria meningitidis is not
a surgical site infection agent; attributing it to the procedure would have inflated
the healthcare-associated infection rate by a third, whereas it in fact stands at 2.5%,
closer to the 1% reported by Diallo et a/ in Mali [19] and consistent with other sub-
Saharan series [20].

The consequence goes beyond accounting. Where community-acquired men-
ingitis is endemic, an infection rate computed without attribution analysis me-
chanically overestimates the responsibility of the endoscope reprocessing chain
and may lead to poorly targeted corrective measures. African series should report
separately the meningitis cases occurring after the procedure and those attributa-
ble to care, specifying the time to onset, the organism and the state of the operative
site.

The infections truly related to the procedure affected 4 patients (3.3%), only
one of whom died, and this death followed a cutaneo-dural breach: prevention of
CSF leak, which depends directly on the closure technique, is thus the most direct

lever for reducing infectious mortality.

4.3. Timing and Organization of Monitoring

The timing data reveal two risk periods of different natures. Infectious, parietal
and neurological complications were concentrated in the first two weeks, and 77.8%
of all events occurred before the thirtieth day. Stoma obstructions, conversely, were
spread from day 21 to the eighth month: late by nature, they escape any monitor-
ing confined to the perioperative period.

The organizational consequence is direct. Close monitoring during the first

thirty days captures most of the acute complications but would miss four of the
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six stoma obstructions. Scheduled follow-up at three, six and twelve months, with
an emergency consultation as soon as signs of raised intracranial pressure reap-
pear, is necessary to detect them: our last obstruction was diagnosed at the eighth
month, in a patient who would not have been reviewed had follow-up stopped at

six months.

4.4. Failure, Reoperation and Shunt-Free Survival

The failure rate of 11.7% corresponds to a success rate of 88.3%, higher than the
average of 59% reported by Albalkhi ez al. [11] and than the 47% of Diallo et al
[19]. Interpreting this gap belongs to the companion work on preoperative factors;
we retain only the practical consequence, namely that a shunt was avoided in a
large majority of patients. The Kaplan-Meier estimate is more conservative than
the crude rates: 94.8% at six months and 92.7% at twelve months, a plateau to be
read with caution since few patients remained under observation beyond the first
year.

The three endoscopic revisions performed for stoma obstruction controlled the
hydrocephalus without subsequent shunting. This suggests that endoscopic reas-
sessment may be an option in selected patients before considering a definitive
shunt; the three cases occurred between day 21 and the fifth month, with no iden-
tifiable preferential time window. Confirmation on larger numbers and with longer

follow-up is needed.

4.5. Mortality in Perspective

The overall mortality of 4.2% lies within the range of the African series. Diallo et
al. report 8% mortality at twelve months in 199 Malian infants [19]. Alali et al, in
Malawi, find one-year survival of 80% after endoscopic third ventriculostomy
with or without choroid plexus cauterization versus 78% after shunting [21]; Chi-
maliro ef al, in the same country, report one-year mortality of 15% after either
technique, for event-free survival of 67.2% [22]. These comparisons call for cau-
tion: our 4.2% covers deaths all occurring before day 30, in a cohort a quarter of
which was not reviewed beyond the first month, whereas the figures cited are one-
year mortalities. Our rate must be read as early mortality.

The attribution analysis leads to a nuanced conclusion. No death was directly
attributable to an intraoperative technical incident, and only one was indirectly
attributable, through an infection consecutive to a CSF leak: mortality attributable
to the procedure is therefore 0.8%, not 4.2%. The other four comprised one death
following an intercurrent community-acquired meningitis and three deaths of in-
determinate cause, their relationship to the procedure being neither established
nor excluded retrospectively. This argues against reducing the mortality observed
after ETV + CPC to the responsibility of the endoscopic procedure: the initial neu-
rological severity, the chronicity of the hydrocephalus at presentation, the condi-
tions of infant anaesthesia and intercurrent conditions account for the greater part
of it [3] [20].
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The fact that all five deceased patients had aqueductal stenosis with triventric-
ular hydrocephalus must be interpreted with caution: this aetiology represents
64.2% of the cohort, which mechanically makes it the most exposed group in ab-
solute terms, and it remains one of the best-recognized indications for the proce-
dure [7] [10]. No conclusion about an association between aetiology and mortality

can be drawn from five events.

4.6. Implications for Practice

Four practical consequences emerge: the first twenty postoperative days are the
critical window for neurological monitoring and for monitoring anaesthetic re-
covery; prevention of CSF leak warrants particular attention, the only complica-
tion that led to a death attributable to the procedure; follow-up must be scheduled
up to one year to capture late stoma obstructions; and healthcare-associated in-
fections should be reported separately from intercurrent community-acquired in-
fections so that published rates are comparable between African centres.

Against shunting, ETV + CPC avoids permanent hardware in a substantial pro-
portion of infants, and with it mechanical malfunction, shunt infection and re-
peated reoperations [5] [6]—an advantage that counts particularly where access
to neurosurgical facilities and the availability of valves are constrained [23]
[24].

4.7. Strengths and Limitations

The retrospective, single-centre nature exposes the study to information bias, with
the quality of the data depending on the completeness of the records. The hetero-
geneity of follow-up is the main limitation: at least 23.3% of the cohort had no
assessment beyond the first postoperative month, and the individual follow-up of
the others is not documented. The Kaplan-Meier estimate partly corrects this bias
for shunt-free survival, but the crude complication rates remain minimum esti-
mates, in particular for late stoma obstructions. Deaths were treated as censoring
in the Kaplan-Meier analysis whereas they constitute a competing event; because
all five deaths occurred early, the competing-risk cumulative-incidence analysis
(Section 3.4) confirms the Kaplan-Meier estimate to within 0.3%, the cumulative
incidence of shunting being 7.0% at twelve months.

The attribution of the meningitis cases was established retrospectively, without
criteria predefined at data collection; classifying a case as probable healthcare-as-
sociated infection, with no organism isolated, involves a degree of judgement. The
Clavien-Dindo grading was likewise applied retrospectively; the five deaths, in-
cluding the three early neurological or anaesthetic ones, are counted as grade V.
The absence of systematic postoperative imaging may have left paucisymptomatic
obstructions unrecognized, and the small number of events precludes any search
for associated factors. Finally, the absence of a shunted control group allows no
direct comparison; the study received retrospective institutional ethics approval,

with no constituted committee having been available to review the protocol pro-
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spectively during the study period.

5. Conclusion

In this cohort of 120 infants, ETV + CPC was accompanied by an all-cause post-
operative morbidity of 14.2%—non-fatal complications affecting 11.7% of in-
fants—and a mortality of 4.2%, but mortality attributable to the procedure was
0.8%, a single death resulting from an infection consecutive to a CSF leak. One of
the four cases of meningitis was an intercurrent community-acquired infection,
which brings the healthcare-associated infection rate from 3.3% down to 2.5% and
underlines the need for attribution analysis where meningococcal disease is en-
demic. The chronology of events separates an acute phase concentrated in the first
month from stoma obstructions that spread out to the eighth month, which justi-
fies close initial monitoring prolonged by scheduled follow-up up to one year.
Shunt-free survival was 92.7% at twelve months. Prospective multicentre studies,
with explicit case definitions and standardized follow-up, remain necessary in sub-
Saharan Africa.
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Supplementary Material

Table S1. Delineation of the five manuscripts drawn from the same 120-infant cohort.

Manuscript Primary question/focus Unique endpoints and variables  Relationship to present work

Clavien-Dindo grading; all-cause vs
Nature, timing, severity and attributable adverse events; meningitis
Present manuscript attribution of complications; attribution; shunt-free survival — (this study)
failure; survival; mortality —(Kaplan-Meier and competing-risk);
mortality attribution

. . Age, sex, aetiology, head circumference, Shares only baseline
1. Preoperative profile Cohort at presentation o ] o ) ]
clinical signs, baseline imaging descriptors (Table 1)
2. Clinical outcomes & Success rate; direct and indirect costs; Comparative and economic
] ETV + CPC versus shunting ] P ]
economics cost-effectiveness endpoints only
. Preoperative predictors of ETV Success Score; multivariable model Success endpoint; no
3. Predictors of success o .
success of success attribution or timing
4. Neuroendosco Training, learning curve, equipment, Programme-level,
Py Establishing the programme . 8 . J qup &
programme sustainability non-outcome content

The five analyses share the same patients, period (1 January 2024-30 April 2026) and inclusion criteria; each addresses a distinct
question, and the present manuscript reproduces no primary result of the others. Overlap is limited to the shared baseline descrip-
tion (Table 1). No effectiveness, cost, predictor-of-success or programme-development result appears in the present manuscript.

Table S2. Shunt-free survival: Kaplan-Meier versus competing-risk cumulative incidence.

Time  CIF shunt (%) CIF death (%) Shunt-free, competing-risk (%) Shunt-free, Kaplan-Meier (%) Event-free (%)

1 month 2.5 4.2 97.5 97.4 93.3
3 months 3.6 4.2 96.4 96.2 92.2
6 months 5.0 4.2 95.0 94.8 90.9
12 months 7.0 4.2 93.0 92.7 88.8

CIF: cumulative incidence function (Aalen-Johansen estimator; death competing with secondary shunting). Shunt-free (competing-
risk) = 1 — CIF shunt; event-free (alive and free of a shunt) = 1 — CIF shunt — CIF death. The competing-risk and Kaplan-Meier
shunt-free estimates differ by at most 0.3%. Computed in Python 3.12 (NumPy 2.4, SciPy 1.17).
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Aalgn-Johansen competing-risk estimator (death as competing event).
Shunt-free probability (1 — ClFspune) = 93.0% at 12 months, vs 92.7% by Kaplan-Meier (difference 0.3%).
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New analysis in response to Reviewer 2. Aalen-Johansen estimator, death as competing
event. Cumulative incidence of shunting 2.5/3.6/5.0/7.0% at 1/3/6/12 months (shunt-free
93.0% at 12 months), materially unchanged from Kaplan-Meier (92.7%); all five deaths oc-
curred by day 20. Computed in Python 3.12 (NumPy, SciPy).

Figure S1. Cumulative incidence of secondary shunting and of death after ETV + CPC
(competing-risk analysis).
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