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Abstract
Background Post-traumatic hydrocephalus (PTH) is one of the main complications of decompressive craniectomy (DC) after
traumatic brain injury (TBI). Then, the recognition of risk factors and subsequent prompt diagnosis and treatment of PTH can
improve the outcome of these patients. The purpose of this study was to identify factors associated with the development of PTH
requiring surgical treatment in patients undergoing DC for TBI.
Methods In this study, we collected the data of 190 patients (149 males and 41 females), who underwent DC for TBI in our
Center. Then we analyzed the type of surgical treatment for all patients affected by PTH and the risk factors associated with the
development of PTH.
Results Post-traumatic hydrocephalus (PTH) developed in 37 patients out of 130 alive 30 days after DC (28.4%). The develop-
ment of PTH required ventriculoperitoneal shunt (VPS) in 34 patients out of 37 (91.9%), while, in the remaining 3 patients,
cerebrospinal fluid hydrodynamic (CSF) disturbances resolved after urgent cranioplasty and temporary external lumbar drain.
Multivariate analysis showed that the presence of interhemispheric hygroma (p < 0.001) and delayed cranioplasty (3months after
DC) (p < 0.001) was significantly associated with the need for a VPS or other surgical procedure for PTH. Finally, among the 130
patients alive after 30 days from DC, PTH was associated with unfavorable outcome as measured by the 6-month Glasgow
Outcome Scale score (p < 0.0001).
Conclusions Our results showed that delayed cranial reconstruction was associated with an increasing rate of PTH after DC. The
presence of an interhemispheric hygroma was an independent predictive radiological sign of PTH in decompressed patients for
severe TBI.
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Introduction

Post-traumatic hydrocephalus (PTH) is one of the main com-
plications of decompressive craniectomy (DC) after traumatic
brain injury (TBI) [3, 4, 11].

Post-traumatic hydrocephalus is also a complication of TBI
in patients not having performed DC. However, in this study,

the term PTH refers to the development of hydrocephalus in
patients undergoing DC for severe head injury with uncontrol-
lable intracranial hypertension.

In literature, the rate of PTH after DC ranges from 11.9 to
36% of adult patients and some authors have suggested that
the presence of PTH is associated with unfavorable outcome
after DC [3, 4, 11, 14, 15, 20]. For these reasons, the recogni-
tion of risk factors and subsequent prompt diagnosis of PTH
can improve the outcome of these patients.

The development of hydrocephalus after DC is closely
linked to the conversion of the cranial box from a closed
system into an open one with the aim to increase brain com-
pliance and reduce intracranial pressure in the presence of
diffuse cerebral edema or a space occupying mass [18, 20].
On the other hand, the open box system can cause alterations
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in cerebral CBF and CSF dynamics and, usually 1 month or
more after DC, the development of PTH or various forms of
subdural collections may occur [3–6, 11, 17, 19, 21]. In this
scenario, several studies suggested that early cranial recon-
struction improves cerebral perfusion and CSF dynamics, usu-
ally altered by atmospheric pressure in patients with open
skull, and can decrease the occurrence PTH requiring
ventriculoperitoneal shunt (VPS) [16].

The purpose of this study was to identify factors associated
with PTH requiring surgical treatment in patients undergoing
DC for TBI.

Materials and methods

Data of 190 patients (149 males and 41 females), who
underwent DC for sTBI in our Center between January 2003
and December 2011, were included in this study. Baseline
clinical and radiological characteristics of patients and post-
operative complications were summarized in Table 1.

Study outcomes focused specifically on the development
of PTH after DC and the need for surgical treatment of this
complication.

The indications for DCwere based on current literature and
the Brain Trauma Foundation guidelines for management of
intracranial pressure (ICP) following traumatic brain injury,
fourth edition [1].

Unilateral DC of at least 15-cm diameter was performed
with the medial limit at least 2–2.5 cm lateral to the midline.
Bifrontal DC was performed with the posterior limit at the
coronal suture. All cases underwent expansive duraplasty with
an allograft.

Demographic characteristics (age, gender), timing between
injury and DC, admission Glasgow Coma Scale score (GCS),
admission pupils’ reactivity and size, brain CT scan findings
(subdural hematoma, brain contusion, etc.) and Rotterdam
score, and surgical information including type and reason for
DC were recorded and analyzed. Data concerning post-
operative complications such as meningitis, hydrocephalus,
subdural hygroma, incidence of new brain contusions, and
expansion of contralateral post-traumatic mass lesion were
collected and analyzed too. Then, all CT scans after the DC
were reviewed and assessed for PTH or other CSF dynamic
alterations (such as subdural or interhemispheric hygroma).
Finally, we evaluated the number of patients that underwent
cranioplasty within 3 months.

Definition and treatment of hydrocephalus

For the purposes of this study, PTH was defined as neuro-
imaging evidence of progressive ventricular dilatation, with a
modified Frontal Horn Index ≥ 33% associated with narrowed
CSF spaces at the convexity, third ventricular enlargement, and

periventricular lucencies on serial CT according to previous
studies about PTH after DC [3, 4, 11, 14, 19].

For patients in vegetative status, clinical examination re-
sults were not included as a defining element in the determi-
nation of hydrocephalus. For patients showing an initial im-
provement of their clinical condition, impaired consciousness
or a worsening neurologic status (not due to other causes)
were included as a defining element in the determination of
PTH. Moreover, all these patients required a surgical treat-
ment due to neurological deterioration or considerable en-
largement of their ventricles.

Finally, all patient included in this study presented the three
criteria mentioned above: radiological, clinical (if not in veg-
etative status), and necessity of surgical treatment for
hydrocephalus.

Primary end-point of the study

The primary end-point of this study focused specifically on
the development of PTH after DC and the need for surgical
treatment of this complication. After a careful review of liter-
ature, the variables associated with PTH were studied, includ-
ing patient age, gender, timing between injury and DC, admis-
sion Glasgow Coma Scale score (GCS), admission pupils’
reactivity and size, pre-operative brain CT scan findings (sub-
dural hematoma, brain contusion, midline shift, status of cis-
terns, etc.), Rotterdam score, type of DC, post-DC CT scan
finding suggestive for CSF dynamic disturbances (subdural or
interhemispheric hygromas), and the timing of cranioplasty.

We also analyzed the clinical outcome (secondary end-
point of the study) according to the presence or not of PTH
with the Glasgow Outcome Scale (5 point GOS) at 6-month
follow-up: death, persistent vegetative state, and severe dis-
ability were assessed as unfavorable outcome (GOS 1–3)
while GOS 4–5 (good recovery and moderate disability) as
favorable outcome.

Statistical analyses

Data were analyzed with statistical package for social sciences
(SPSS Inc., Chicago, Illinois, USA). Univariate analysis was
performed by comparing patients who developed PTH and
patients who did not develop PTH. Continuous variables were
compared using Student’s t tests and Chi-square test for dis-
crete variables. The multiple logistic regression was used to
identify independent risk factors associated with the develop-
ment of PTH. Statistical significance was set at p < 0.05.

Results

Post-traumatic hydrocephalus (PTH) developed in 37 patients
out of 130 alive 30 days after DC (28.4%). The median inter-
val from DC to the development of PTH requiring surgical
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Table 1 Demographic, clinical, radiological, and surgical data for 190 patients undergoing DC after severe TBI with univariate analysis

Hydrocephalus after DC

Variable Total
N°(%)

Yes
N°(%)

No
N°(%)

p value O.R. 95% C.I.

Total number of patients 190 37 (19.5%) 153 (80.5%)

Pre-operative clinical variables

Age (years) 0.01 6259 2.22 – 17.9

< 65 years 120 (63,1%) 33 (89.2%) 87 (56.8%)

≥ 65 years 70 (36.9%) 4 (10.8%) 66 (44.2%)

GCS at admission 0.43 0.728 0.34 – 1.52

3–5 129 (67.9%) 23 (62.16%) 106 (69.3%)

6–8 61 (32.1%) 14 (37.84%) 47 (307%)

Pupils reactivity to the light 0.48 1.49 055–4.22

Yes 156 (82.1%) 32 (86.5%) 124 (81%)

No 34 (17.9%) 5 (13.5%) 29 (19%)

At least one pupil dilated 0.7 0.843 0.40–1.74

No 121 (63.7%) 22 (59.5%) 99 (64.7%)

Yes 69 (36.3%) 15 (40.5%) 54 (35.3%)

Pre-operative radiological variables

Cisterns 0.48 0.667 0.28–1.54

Compressed 154 (81%) 28 (76.7%) 126 (82.35%)

Absent 36 (19%) 9 (23.3%) 27 (17.65%)

Midline shift 0.43 0.728 0.34–1.52

> 10 mm 129 (67.9%) 23 (62.16%) 106 (69.3%)

< 10 mm 61 (32.1%) 14 (37.84%) 47 (30.7%)

SAH 0.027 2811 1.13-6.79

Yes 130 (68.42%) 31 (83.8%) 99 (64.7%)

No 60 (31.58%) 6 (16.2%) 54 (35.3%)

Type of intracranial lesions 0.171 / /

SDH 40 (21%) 10 (27%) 30 (19.6%)

Brain contusion 46 (24.2%) 10 (27%) 36 (23.5%)

SDH+ brain contusion 99 (52.2%) 16 (43.3%) 83 (54.24%)

Diffuse brain swelling 5 (2.6%) 1 (2.7%) 4 (2.61%)

Rotterdam Score 0.9 1.04 0.51–2.31

1–4 101 (53.2%) 20 (54%) 81 (52.9%)

5–6 89 (46.8%) 17 (46%) 72 (41.1%)

Surgical variables

Timing of DC 0.48 0.667 0.28–1.54

< 48 h 154 (81%) 28 (76.7%) 126 (82.35%)

≥ 48 h 36 (19%) 9 (23.3%) 27 (17.65%)

Surgical approach 0.03 0.291 0.13–0.63

Unilateral DC 153(80.5%) 23 (62.16%) 130 (84.7%)

Bifrontal DC 37(19.5%) 14 (37.84%) 23 (15.3%)

Post-operative variables

Subdural hygroma 0.078 1.94 0.93–4.03

Yes 59 (31%) 16 (43.24%) 43 (28.1%)

No 131 (69%) 21 (56.76%) 110 (71.9%)

Interhemispheric hygroma < 0.0001 7746 3.1–19.3

Yes 23 (12.1%) 13 (35.1%) 10 (6.5%)

No 167 (87.9%) 24 (64.9%) 143 (93.5%)
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treatment was 6.43 months (± 3.38) with a range from 1 to
15 months.

In 28 patients (75.7%), the diagnosis of PTH was formulated
on the basis of a combination of radiological (modified Frontal
Horn Index ≥ 33%, narrowed CSF spaces at the convexity, third
ventricular enlargement, and periventricular lucencies) and clin-
ical signs (worsened neurological examination or arrest of neu-
rological improvement during rehabilitation). In the other 9 pa-
tients with comatose or minimal consciousness state, the diag-
nosis of PTH was based on considerable enlargement of ventri-
cles associated with increasing size of pseudomeningocele on
the side of the craniectomy flap.

The development of PTH required ventriculoperitoneal
shunt (VPS) in 34 patients out of 37 (91.9%), while, in the
remaining 3 patients, cerebrospinal fluid hydrodynamics
(CSF) disturbances resolved after urgent cranioplasty and
temporary external lumbar drain. Among the patients treated
with VPS, in 20 cases, the shunt was implanted after
cranioplasty. The remaining patients presented progressive
enlargement of ventricular size at seriate CT scans associated
with neurological worsening and progressive brain bulging
outside of the borders of the craniectomy. For these reasons,
we decided to perform in a single stage a cranioplasty and
VPS placement in 7 cases, while only 4 patients underwent
VPS few days before cranial reconstruction.

The patients undergoing a VPS placement after DC were
significantly younger than those who did not undergo VPS
insertion (p < 0.01). There was no significant difference in
GCS at admission, pupils size and reactivity to light, and
timing of DC between patients with and without PTH.
Among radiological data (presence of SAH, state of cistern,
midline shift, type of intracranial lesions, and Rotterdam
Score), only the presence of SAHwas significantly associated
with PTH at univariate analysis (p = 0.027). Patients treated
with bifrontal craniectomy presented higher rate of PTH rather
than patients undergoing unilateral decompression (p = 0.03).
The baseline characteristics (age, GCS at admission, pupils
size and reactivity to the light, midline shift, state of cisterns,

SAH, Rotterdam score, etc.) of the group of patients undergo-
ing bifrontal DC compared with the group of unilateral DC
were not statistically significantly different.

While meningitis and subdural hygroma were not statisti-
cally associated with PTH, interhemispheric hygroma was
present in 35.1% of patients affected by PTH compared with
the only 6% of the decompressed ones without PTH (p <
0.0001). The appearance of interhemispheric hygroma was
observed in the early phase in the neuro-intensive care unit
and preceded in all cases the ventricular enlargement. The
median time between the DC and the appearance of hygroma
was 12 days (range 6–21 days).

Finally, the 92% of decompressed patients (34/37) who
developed PTH received cranioplasty after 3 months and de-
layed cranial reconstruction was significantly associated with
PTH (p < 0.0001). Table 1 summarizes baseline demographic,
clinical, and imaging data of the patients. The mean time of
cranioplasty in our series was 5.97 months (± 3.39).

Multivariate analysis showed that the presence of inter-
hemispheric hygroma (p < 0.001) and delayed cranioplasty
(p ≤ 0.001) were significantly associated with the need for a
VPS or others surgical procedure after DC (Table 2).

The baseline characteristics (age, GCS at admission, pupils
size and reactivity to the light, midline shift, state of cisterns,
SAH, Rotterdam score, etc.) of the group of patients who re-
ceived cranioplasty within 3 months compared with the group
of delayed cranioplasty (after 3 months) were similar (Table 3).

With regard to the clinical outcome of this series, overall
mortality rate was 46.8% (89 out of 190 patients) while 60
patients (31.6%) died within 30 days after DC. Among the
130 patients alive after 30 days fromDC, the outcomewas poor
(GOS severe disability, persistent vegetative state, and death) in
51.5% of patients (67 out of 130) while 63 patients (48.5%)
presented a good outcome defined as GOS 4 (moderate disabil-
ity; 41 patients) or GOS 5 (good recovery; 22 patients). In the
group of 67 patients with poor outcome, 28 patients (41.8%)
died (GOS 1), 19 (28.3%) presented persistent vegetative status
(GOS 2), and 20 (29.9%) severe disability (GOS 3).

Table 1 (continued)

Hydrocephalus after DC

Variable Total
N°(%)

Yes
N°(%)

No
N°(%)

p value O.R. 95% C.I.

Meningitis after DC 0.31 1.93 0.59–6.33

Yes 13 (6.9%) 4 (10.8%) 9 (5.8%)

No 177 (93.1%) 33 (89.2%) 144 (94.2%)

Cranioplasty after 3 months < 0.0001 0.284 0.12–0.67

No 59 (45.4%) 3 (8%) 56 (60%)

Yes 71 (54.6%) 34 (92%) 37 (40%)

Italicized values are the significant at statistical analysis
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Finally, among the 130 patients alive after 30 days from DC,
PTH was associated with unfavorable outcome as measured by
6-month Glasgow Outcome Scale score (p < 0.0001; Table 4).

Discussion

The DECRA and RESCUEicp trials found respectively that
DC can decrease ICP value and mortality. However, in the
same trials, DC was also associated with the increased rate

of survival in either a vegetative state or severe disability [2,
13]. These results are partly due to the high rate of complica-
tions secondary to DC, including hemorrhagic complications,
infectious complications, and disturbances of the CSF com-
partment [5–15].

Post-traumatic hydrocephalus (PTH) is one of the main
complications of decompressive DC after TBI [3, 4, 11, 14,
15, 19–21]. So, a better understanding of the real incidence,
pathophysiology, risk factors, and treatment of the PTH after
DC is mandatory in order to optimize diagnostic and manage-
ment strategies.

In a review published in 2015 about the complications
associated with DC, PTH was reported in 14.8% (290/1966)
of TBI patients undergoing DC (the diagnosis of PTH differed
among the studies, defining this entity either radiographically
as ventriculomegaly and/or clinically as symptoms of hydro-
cephalus) [15].

Honeybul et al. [11] reported that among the 159 patients
who survived more than 6 months after DC, 26 (16.35%)
developed clinical evidence of hydrocephalus and required a
VP shunt. While more recently, Vedantam et al. [20] founded

Table 3 Baseline characteristics of the two groups of patients who received cranioplasty within and after 3 months

Variable Total
N° (%)

Cranioplasty within
3 months N° (%)

Cranioplasty after
3 months N°(%)

p value O.R. 95% C.I.

Total number of patients 130 59 (45.4%) 71 (54.6%)

Age (years) 0.63 0.84 0.41–1.71

< 65 years 80 (66.6%) 35 (59.3%) 45 (63.3%)

≥ 65 years 50 (33.4%) 24 (40.7%) 26 (367%)

GCS at admission 0.8 0.91 0.45–1.87

3–5 83 (69.1%) 37 (62.7%) 46 (64.8%)

6–8 37 (31.1%) 22 (37.3%) 25 (35.3%)

Pupils reactivity to the light 0.32 0.66 0.28–1.52

Yes 102 (78.5%) 44 (74.6%) 58 (81%)

No 28 (11.5%) 15 (25.4%) 13 (19%)

At least one pupil dilated 0.32 0.66 0.28–1.52

No 102 (78.5%) 44 (74.6%) 58 (81%)

Yes 28 (11.5%) 15 (25.4%) 13 (19%)

Cisterns 0.32 0.66 0.28–1.52

Compressed 102 (78.5%) 44 (74.6%) 58 (81%)

Absent 28 (11.5%) 15 (25.4%) 13 (19%)

Midline shift 0.63 0.84 0.41–1.71

> 10 mm 80 (66.6%) 35 (59.3%) 45 (63.3%)

< 10 mm 50 (33.4%) 24 (40.7%) 26 (36.7%)

SAH 0.83 0.92 0.45–1.91

Yes 85 (70.8%) 38 (64.4%) 47 (66.3%)

No 45 (29.2%) 21 (35.6%) 24 (34.7%)

Rotterdam Score 0.44 0.76 0.38–1.53

1–4 73 (60.8%) 31 (52.5%) 42 (59.2%)

5–6 47 (39.2%) 28 (47.5%) 29 (40.8%)

Italicized values are the significant at statistical analysis

Table 2 Multiple logistic regression model after variable selection

Variable OR 95% CI p value

Age 0.95 − 1.12–0.98 0.9

SAH 3.32 0.11–2.29 0.031

Surgical approach
(unilateral vs bifrontal DC)

0.46 − 1.79–0.27 0.14

Interhemispheric hygroma 12.35 1.27–3.75 < 0.0001

Cranioplasty after 3 months 13.5 1.5–3.69 < 0.0001

Italicized values are the significant at statistical analysis
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that the 25% of patients required a VP for PTH after DC for
TBI. In our series, the rate of PTH after DCwas slightly higher
(28.4%). Indeed, PTH developed in 37 patients out of 130
alive 30 days after DC.

The pathophysiology of PTH after DC is closely linked to
the conversion of the cranial box from a closed system into an
open box and previous studies have suggested several possi-
ble mechanisms including disruption of CSF drainage due to
arachnoid adhesions in the basal cisterns, loss of pulsatile
intracranial CSF dynamics, and impaired venous drainage into
the sagittal sinus [3, 4, 11, 14, 18–21].

Among these theories, Waziri et al. [21] postulated that,
because the arachnoid granulations function as pressure de-
pendent one-way valves from the subarachnoid space to the
draining venous sinuses, the disruption of pulsatile ICP dy-
namics secondary to opening the cranial vault results in de-
creased CSF outflow. This could be a possible explanation
why an early cranioplasty should restore normal intracranial
pressure dynamics and spontaneous resolution of PTH and
other CSF disturbances [16, 21]. On the contrary, delayed
cranial reconstruction, by prolonging this disruption, may re-
sult in permanent dysfunction of the arachnoid granulations,
such as the one seen in hydrocephalus induced by long-term
CSF drainage [4, 5, 21]. Nonetheless, the previous hypothesis
contrasted with the fact that a resolution of hydrocephalus
after cranioplasty occurred only in some patients. However,
the same authors (Waziri et al. [21]) suggest that time might
play a role by prolonging the pathogenic mechanisms so that
hydrocephalus becomes irreversible, even after cranioplasty.

This theory represents a possible explanation of our results:
in our series, the 92% of decompressed patients (34/37) who
developed PTH received cranioplasty after 3 months and de-
layed cranial reconstruction was independently associated
with PTH (p < 00001).

This result contrasts with the study published by Honeybul
et al. [11] where timing of cranioplasty was not associated with
the development of PTH after DC. Indeed, in this series, the
mean time of cranial reconstruction was near 3 months for both
the group of PTH and no-PTH patients (86 days vs 96 days);
and in these patients, for the authors, the mechanism of PTH
may be related to the severity of the primary brain injury.

Previous studies reported young age, CSF infection, the
presence of subarachnoid blood, and bilateral craniectomy as

predisposing factors for post-traumatic hydrocephalus [3, 4,
11, 14, 19]. In our series these factors resulted associated with
PTH only at the univariate analysis.

The second factor in our study, independently related to the
development of hydrocephalus, was an interhemispheric
hygroma. In more than 65% of patients, subdural interhemi-
spheric CSF collections preceded the ventricular enlargement.
This data confirmed the results of the studies of Kaen et al.
[14] and De Bonis et al. [3]. In the first of these two studies,
the presence of an interhemispheric hygroma was a predictive
radiological sign of hydrocephalus development within the
first 6 months after DC in patients with severe head injury
with a sensitivity of 94% and a specificity of 96%.

De Bonis et al. [3, 4] reported that interhemispheric
hygroma was present in 42% of patients with hydrocephalus
and temporally preceded the occurrence of ventricular en-
largement. These authors considered this entity as epiphenom-
enon of some alterations of CSF dynamics secondary to the
damage of the arachnoid barrier cells and arachnoid–dura in-
terface layer after TBI and secondary to the craniectomy close
to the midline which may determine an increase in the venous
outflow during the diastolic phase, with a subsequent increase
of extracellular fluid absorption.

In our study, we do not evaluate the distance from the
midline (cut-off 25 mm reported in previous studies) as risk
factor for PTH because in every case we performed
craniectomy near to the midline (about 2 cm) to maximize
the decompression effect in case of refractory intracranial
hypertension.

Finally, unfavorable outcome (GOS scores of 1–3) was
observed in 27 patients (78.4%) with post-traumatic hydro-
cephalus. Patients with hydrocephalus after DC presented an
increased risk for poor outcome (p < 0.0001).

The main limitations of this study included the following:

– The association between PTH and unfavorable outcomes
at 6-month follow-up may be most likely due to their
association with more severe primary brain injury, and
did not necessarily confirm a cause-and-effect
relationship.

– The result of cranioplasty on PTH reported in the present
study could be partially affected by a bias related to the
possible different severity of overall illness and health

Table 4 Outcome at 6-months follow-up of patients undergoing DC after severe TBI categorized by the presence or not of hydrocephalus

Hydrocephalus

Outcome of 130 patients alive after 30 days from DC Total Yes No p value

Unfavorable (GOS 1–3) 67 (51.5%) 29 (78.4%) 38 (40.8%) < 0.0001

Favorable (GOS 4–5) 63 (48.5%) 8 (21.6%) 55 (59.2%)

Italicized values are the significant at statistical analysis

Acta Neurochir



between the two analyzed groups (within and after
3 months).

Conclusions

Our results showed that delayed cranial reconstruction was
associated with an increasing rate of PTH after DC. The pres-
ence of an interhemispheric hygroma was an independent pre-
dictive radiological sign of PTH in decompressed patients for
severe TBI.
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Comments

In this retrospective observational study, Dr. Nasi et al. investigate the
incidence rate of hydrocephalus following decompressive craniectomy
(DC) for traumatic brain injury (TBI). In their patient cohort of 130
patients surviving the first month after DC, 37 patients (28%) were diag-
nosed with hydrocephalus defined by both progressive ventricular en-
largement and clinical deterioration. The presence of an interhemispheric
hygroma during the early phase after DC and cranioplasty later than
3 months after DC was independent risk factors for the development of
symptomatic hydrocephalus requiring treatment. Interhemispheric
hygroma may indeed be an indicator of disturbed cerebrospinal fluid
circulation (caused by the trauma or the large skull defect resulting from
the DC) and this radiological finding should be taken into account in
evaluation of patients with clinical deterioration following DC, when
hydrocephalus is suspected. The effect of cranioplasty timing is still de-
bated and controversial. A recent (and larger) observational study by
Morton et al. came to the opposite conclusion that cranioplasty later that
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90 days after DC was associated with a lower risk of hydrocephalus. [1]
This issue needs further exploration in future prospective (randomized?)
studies.

Alexander Lilja-Cyron

Copenhagen, Denmark
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