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Factors associated with the development and outcome
of hydrocephalus after decompressive craniectomy for traumatic
brain injury
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Abstract
Posttraumatic hydrocephalus (PTH) is common in patients undergoing decompressive craniectomy (DC) for traumatic brain
injury (TBI), but the incidence, mechanisms, and risk factors have not been fully elucidated. This study aimed to determine the
incidence of and the factors associated with PTH. We retrospectively reviewed patients who underwent DC for TBI at our
institute between January 2014 and December 2018. We identified and compared the demographic, clinical, and radiological
data, and 12-month functional outcome (as assessed by the Glasgow Outcome Scale [GOS]) between patients who developed
PTH and those who did not. Logistic regression analyses were performed to identify risk factors for PTH. Additionally, the
influence of PTH on unfavorable functional outcome was analyzed. PTH developed in 18 (18.95%) of the 95 patients who
survived at 1 month after DC. A multivariate analysis indicated that postoperative intraventricular hemorrhage (odds ratio [OR]
4.493, P = 0.020), postoperative subdural hygroma (OR 4.074, P = 0.021), and postoperative hypothermia treatment (OR 9.705,
P = 0.010) were significantly associated with PTH. The 12-month functional outcome significantly differed between the patients
who developed PTH and those who did not (P = 0.049). Patients who developed PTH had significantly poorer 12-month
functional outcomes than those who did not (P = 0.049). Another multivariate analysis indicated that subdural hemorrhage
(OR 6.814, P = 0.031) and the presence of at least one dilated pupil before DC (OR 8.202, P = 0.000) were significantly
associated with unfavorable functional outcomes (GOS grades 1–3). Although the influence of PTH (OR 5.122, P = 0.056)
was not statistically significant in the multivariate analysis, it had a great impact on unfavorable functional outcomes. PTH
considerably affects functional outcomes at 12 months after DC for TBI. Furthermore, postoperative imaging findings such as
intraventricular hemorrhage and subdural hygroma can predict the development of PTH; therefore, careful observation is
required during the follow-up period.
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Introduction

Traumatic brain injury (TBI) is defined as an acute injury to
the head caused by blunt or penetrating trauma or from
acceleration/deceleration forces [1]. Although most TBIs are

mild, severe TBI can cause death, severe disability, or a veg-
etat ive state in patients of al l ages. TBI can be
pathophysiologically classified into primary injury and sec-
ondary injury [2]. Primary injury is a direct injury caused by
physical impact on the brain, which includes brain contusion,
diffuse axonal injury, and vascular injury. Secondary injury, in
contrast, is an indirect and constant injury caused by the pri-
mary injury, which results in intracranial hypertension and
cerebral ischemia. Therefore, decompressive craniectomy
(DC) can be performed to control medically intractable intra-
cranial hypertension and prevent secondary cerebral ischemia
in cases of severe TBI.

Although DC is a life-saving procedure that can effectively
reduce the intracranial pressure (ICP), it could also cause various
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complications resulting in long-term neurological deterioration
[3, 4]. In particular, posttraumatic hydrocephalus (PTH) is a non-
trivial complication requiring additional surgical treatment, with
an incidence of 2–46% depending on the diagnostic criteria
[5–10]. Thus, it is crucial to determine the incidence of PTH after
DC for TBI and to identify the factors affecting the development
of PTH, which remain to be elucidated.

Herein, we conducted a retrospective study to examine the
development of PTH after DC for TBI and analyzed the risk
factors associated with PTH. Furthermore, we analyzed the
factors predictive of unfavorable functional outcomes, includ-
ing the development of PTH, in these patients.

Methods

This retrospective study included consecutive patients who
underwent DC for TBI. This study was approved by the
Institutional Review Board (IRB) of the local hospital (IRB
No. 2019-05-032) and was carried out in accordance with the
Declaration of Helsinki. The need to obtain informed consent
was waived by the IRB as this was a recording-based study
with no patient contact.

Patient population

The data of 154 consecutive patients who underwent DC for
TBI at our institute between January 2014 and December
2018 were retrospectively reviewed. Patients with a history
of hemorrhagic or ischemic stroke, meningitis, craniotomy
or craniectomy, or cerebrospinal fluid (CSF) diversion such
as ventriculoperitoneal (VP) shunt or endoscopic third
ventriculostomy were excluded from this study. Surgery was
performed in a standardized manner using a trauma flap by
four neurosurgeons. The indications for DC were based on the
Brain Trauma Foundation guidelines for the management of
ICP following TBI, fourth edition [11]. Patients with intracra-
nial lesions with a midline shift of > 10 mm; hematoma vol-
ume of > 30 or 10 cc in supratentorial or infratentorial lesions,
respectively; or Glasgow Coma Scale (GCS) score of < 8
underwent surgery at admission. Patients with ICP that was
consistently > 20 mmHg or progressive neurological deterio-
ration underwent surgery. In most cases, DC with extensive
dural expansion with allograft and hematoma evacuation, if it
was surgically accessible, was performed. Postoperative hy-
pothermia treatment was performed in patients with intracta-
ble brain swelling or extreme bulging of the brain tissue after
DC on intraoperative findings.

Assessment of clinical variables

The baseline demographic characteristics examined in this
study included age, sex, cause of trauma, and accompanying

major extracranial injuries. We also reviewed the following
preoperative computed tomography (CT) findings: the pres-
ence of subarachnoid hemorrhage (SAH), intraventricular
hemorrhage (IVH), subdural hemorrhage (SDH), intracerebral
hemorrhage (ICH), contusion, skull fracture, midline shift,
cerebral hernia, effaced cistern ambient, hematoma expansion,
contralateral hemorrhage, or skull fracture. The postoperative
CT findings included the following: the distance between the
midline and the bone flap, and the presence of postoperative
IVH, postoperative infarction, or hygroma. The area of
craniectomy (craniectomy area) was calculated from the skull
X-ray taken postoperatively (largest transverse diameter × ver-
tical diameter perpendicular to transverse diameter × π/4)
[12]. In addition, various clinical factors were investigated as
follows: Rotterdam score, GCS score at admission, initial
platelet counts, international normalized ratio, activated partial
thromboplastin time, pupil size and reactivity at admission,
type of DC, CSF drain during craniectomy, postoperative hy-
pothermia treatment, reoperation, and the timing of
cranioplasty.

Outcome assessment

The patients were classified into two groups based on the
development of PTH. The incidence of PTH and the factors
associated with the development of PTH were the primary
end-point of this analysis. The variables associated with the
development of PTH were assessed including baseline demo-
graphic characteristics, radiological findings, and various clin-
ical factors.

The definition of PTH was divided into two categories.
One is defined as neuroimaging evidence of ventricle enlarge-
ment as assessed by the modified frontal horn index, with the
largest width of the frontal horns divided by the bicortical
distance in the same plane being ≥ 33% [13]. The other is
defined as progressive ventricular dilatation, which was
established using the criteria described by Gudeman et al. as
follows: enlarged anterior horn of the lateral ventricles, en-
larged temporal horns, enlarged third ventricle, normal or ab-
sent sulci, and periventricular lucencies on serial CT [14].

We also analyzed the clinical outcome such as the 12-
month functional outcome as the secondary end-point.
Functional outcome was measured using the Glasgow
Outcome Scale (GOS). Under this rating system, a GOS
score of 1 indicates death, 2 indicates a persistent vegeta-
tive state, 3 indicates severe disability (conscious but dis-
abled), 4 indicates moderate disability (disabled but inde-
pendent), and 5 indicates excellent recovery with return to
baseline functional status. Additional analyses were per-
formed to identify the factors that were predictive of the
clinical outcome among the aforementioned variables in-
cluding the development of PTH.

472 Neurosurg Rev (2021) 44:471–478



Statistical analysis

Baseline demographic characteristics, preoperative and post-
operative CT findings, variable clinical factors, and clinical
outcomes were compared between patients who developed
PTH and those who did not using Student’s t test or the
Mann-Whitney U test for continuous variables and the chi-
squared test or Fisher’s exact test for categorical variables
where appropriate. For discrete variables, the odds ratio
(OR) and 95% confidence interval (CI) were calculated. The
variables with a P value of < 0.25 on univariate analysis were
included in the binary multivariate logistic regression analysis
(forward conditional) to derive the potential factors indepen-
dently associated with the development of PTH or unfavor-
able functional outcome.

All statistical analyses were performed using standard sta-
tistical processing software (SPSS, version 25.0; SPSS Inc.,
Chicago, IL, USA). Data are expressed as mean ± standard
deviation (SD). Differences with probability values of < 0.05
were considered statistically significant.

Results

A total of 151 patients who underwent DC for TBI met the
inclusion criteria. Two patients who previously underwent DC
and one that underwent craniotomy with tumor removal were
excluded. Of the 95 patients who survived until 1 month after
DC, 18 (18.95%) developed PTH. Ten PTH patients were
diagnosed using the classical criteria by Gudeman and eight
patients diagnosed using the other criteria. Thirteen patients
(72.22%) were aged < 65 years and 15 (83.33%) were male in
the PTH group. Further baseline demographics and clinical
characteristics are detailed in Table 1. The prevalence of post-
operative IVH, subdural hygroma, craniectomy area (cm3),
and hypothermia treatment was significantly higher in the
PTH group than in the no PTH group. The other variables
were not significantly associated with the development of
PTH. However, the presence of postoperative IVH (OR
5.677, P = 0.015), postoperative subdural hygroma (OR
4.133, P = 0.031), and postoperative hypothermia treatment
(OR 18.180, P = 0.003) were significantly associated with
the development of PTH in the multivariate analysis (Table 2).

The mean period from DC to the development of PTH was
7.42 ± 9.19 months with a range of 21 days to 31.5 months. In
ten of the 18 patients with PTH, postoperative subdural
hygroma preceded PTH, with a mean interval of 26 ±
25.3 days (range 3–83 days) from DC to the first CT image
indicating subdural hygroma (Fig. 1). Fourteen patients devel-
oped PTH before cranioplasty, and four patients developed
PTH after cranioplasty. The time intervals between
cranioplasty and the development of PTH were 6.4, 13.6,
13.7, and 29.5 days, respectively. Among the 18 patients in

the PTH group, ten underwent VP shunt placement. However,
the remaining patients refused additional surgery such as VP
shunt and underwent only conservative treatments.

Of the 18 patients in the PTH group, two (11.11%) had
favorable functional outcomes (GOS score of 4–5) at
12months after DC, while 16 (88.89%) had unfavorable func-
tional outcomes (GOS score of 1–3) (Fig. 2). Patients who
developed PTH had significantly poorer 12-month functional
outcomes than those who did not (P = 0.049) (Table 3). The
multivariate analysis indicated that the patients with unfavor-
able functional outcome at 12 months after DC were more
likely to have subdural hemorrhage (OR 6.814, P = 0.031)
and at least one pupil dilated at admission (OR 8.202, P =
0.000) (Table 4).

Discussion

DChas been used tomanage ICP since it was first described in
1901 by Kocher [15]. It is generally performed for malignant
ischemic stroke, intracranial neoplasm, TBI, and spontaneous
SAH or ICH. Although most studies have confirmed that DC
effectively controlled the ICP and resulted in lower mortality
in patients with TBI, it remains unknown whether DC can
improve functional outcomes. In particular, various complica-
tions that occur after DC are also important factors that can
worsen the patient’s long-term prognosis and further compro-
mise quality of life. A recent systematic review of complica-
tions related to DC disclosed that the overall complication rate
was 13.4% and the complications could be divided into three
broad categories: hemorrhagic, infectious/inflammatory, and
disturbances of CSF dynamics [3]. Hemorrhagic complica-
tions including new hematoma, remote hematoma, and hem-
orrhagic progression of contusion, and wound problems, such
as abscesses or empyemas, and meningitis are included in the
infectious/inflammatory category. Complications associated
with abnormalities in CSF flow include hydrocephalus, sub-
dural effusion, and paradoxical herniation.

PTH is a late-onset complication and is considered to be
one of the major reasons for unexpected deterioration during
postoperative rehabilitation. Therefore, it is vital to precisely
determine the diagnostic criteria, incidence, and risk factors
associated with the development of PTH for accurate diagno-
sis and subsequent intervention for PTH. However, according
to one study, the incidence of PTH after DC varies widely
from 2 to 46% according to the criteria used in each study
[5–10]. Meanwhile, a recent meta-analysis evaluating 2402
patients undergoing DC for TBI concluded that the rate of
hydrocephalus was 17.7% (13% in adults) [16]. In our series,
the incidence of PTH in patients with TBI who underwent DC
was 18.95%, which does not significantly deviate from the
aforementioned incidence.
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Many studies have investigated the risk factors contributing to
the development of PTH, and the results also varied among

studies. A craniectomy < 25 mm from the midline; a large
craniectomy; the presence, thickness, and distribution of SAH;

Table 1 Comparison of baseline demographics and clinical characteristics of patients who developed posttraumatic hydrocephalus after
decompressive craniectomy and those who did not

All patients PTH No PTH P value

No. of patients (% of total) 95 18 (18.95%) 77 (81.05%)
Age at surgery (years) 0.762
≤ 65 72 (75.79%) 13 (72.22%) 59 (76.62%)
> 65 23 (24.21%) 5 (27.78%) 18 (23.38%)

No. of male 77 (81.05%) 15 (83.33%) 62 (80.52%) 1.000
Cause of TBI 0.713
Motor vehicle accident 28 (29.47%) 5 (27.78%) 23 (29.87%)
Fall down 9 (9.47%) 2 (11.11%) 7 (0.09%)
Slip down 28 (29.47%) 7 (38.89%) 21 (27.27%)
Others 30 (31.58%) 4 (22.22%) 26 (33.77%)

Major extracranial injury 19 (20%) 4 (22.22%) 15 (19.48%) 0.752
Initial CT findings
SAH 58 (61.05%) 13 (72.22%) 45 (58.44%) 0.421
IVH 13 (13.68%) 4 (22.22%) 9 (11.69%) 0.261
SDH 82 (86.32%) 16 (88.89%) 66 (85.71%) 1.000
ICH 21 (22.11%) 2 (11.11%) 19 (24.68%) 0.344
Skull fracture 43 (45.26%) 8 (44.44%) 35 (45.45%) 1.000
Contusion 52 (54.74%) 12 (66.67%) 40 (51.95%) 0.302
Midline shift (mm) 13.32 ± 5.85 12.59 ± 6.77 13.49 ± 5.65 0.380
Hernia 59 (62.11%) 10 (55.56%) 49 (63.63%) 0.594
Effaced cistern ambient 69 (72.63%) 12 (66.67%) 57 (74.03%) 0.528
Hematoma expansion 22 (23.16%) 5 (27.78%) 17 (22.08%) 0.757
Contralateral hematoma 55 (57.89%) 10 (55.56%) 45 (58.44%) 1.000
Contralateral skull fracture 24 (25.26%) 5 (27.78%) 19 (24.68%) 0.770

Rotterdam score (/6) 0.614
1–4 53 (55.79%) 11 (61.11%) 42 (54.55%)
5–6 43 (45.26%) 7 (38.89%) 35 (45.45%)

GCS at admission (/15) 0.607
≤ 6 43 (45.26%) 7 (38.89%) 36 (46.75%)
> 6 52 (54.74%) 11 (61.11%) 41 (53.25%)

Low platelet count (< 100 × 109/L) 4 (4.21%) 1 (5.56%) 3 (3.90%) 0.575
Pupil reactivitya 92 18 74 0.410
None 32 (34.78%) 5 (27.78%) 27 (36.49%)
1 reactive 12 (13.04%) 4 (22.22%) 8 (10.81%)
Both reactive 48 (52.63%) 9 (50%) 39 (51.95%)

At least 1 dilated pupila 92 18 74 0.600
No 48 (52.17%) 8 (44.44%) 40 (54.05%)
Yes 44 (47.83%) 10 (55.56%) 34 (45.95%)

Type of decompressive craniectomy 0.789
Unilateral craniectomy 87 (91.58%) 17 (94.44%) 70 (90.91%)
Bilateral craniectomy 4 (4.21%) 1 (5.56%) 3 (3.90%)
Bifrontal craniectomy 2 (2.11%) 0 2 (2.60%)
Suboccipital craniectomy 2 (2.11%) 0 2 (2.60%)

Postoperative IVH 33 (34.74%) 7 (38.89%) 26 (33.77%) 0.014*
Transient CSF drain 9 (9.47%) 1 (5.56%) 8 (10.81%) 1.000
Postoperative hypothermia 8 (8.42%) 4 (22.22%) 4 (5.19%) 0.040*
Craniectomy area (cm3)a 83.76 ± 18.47 90.93 ± 10.76 82.05 ± 19.55 0.035*
Distance between midline and bone flap (mm)a 15.28 ± 10.50 13.59 ± 4.45 15.91 ± 11.52 0.751
Reoperation 26 (27.37%) 5 (27.78%) 21 (27.27%) 1.000
Postoperative infarction 15 (15.79%) 4 (22.22%) 11 (14.29%) 0.474
Postoperative hygroma 27 (2.42%) 10 (55.56%) 17 (22.08%) 0.008*
Timing of cranioplasty (months) 0.406
≤ 3 31 (32.63%) 4 (22.22%) 27 (35.06%)
> 3 64 (67.37%) 14 (77.78%) 50 (64.94%)

All values are presented as the number of patients (% of total)

CSF cerebrospinal fluid, GCS Glasgow Coma Scale, ICH intracerebral hemorrhage, IVH intraventricular hemorrhage, PTH posttraumatic hydroceph-
alus, SAH subarachnoid hemorrhage, SD subdural hemorrhage, TBI traumatic brain injury
aMissing data were included. *These values are the significant at statistical analysis
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subdural hygroma; the degree of hypoperfusion in the temporal
lobe; repeated operations; and duration of coma were reported as
risk factors [5, 6, 17–23]. Several studies also proposed that DC
per se, extremely high ICP before DC, delayed cranioplasty, low
initial GCS score, IVH, CSF infection, and old age were risk
factors for PTH [6, 17–19, 21, 22, 24–27]. In contrast, some
authors concluded that traumatic SAH and IVH were not asso-
ciated with PTH, and a few studies suggested that younger pa-
tients were more likely to develop hydrocephalus requiring a VP
shunt after DC [10, 28–30].

In the present study, we identified the risk factors associat-
ed with the development of PTH in a multivariate analysis
using various suggested factors. Although preoperative IVH
did not reach statistical significance, postoperative IVH was
significantly associated with an increased risk of PTH.
Postoperative IVH was identified in our study as a risk factor,
which has never been reported before. The exact reason why
IVH was not observed in the preoperative CT scan and oc-
curred after surgery is not known; however, it is possible that
bleeding could have occurred when the displaced brain

parenchyma due to severe midline shift was repositioned by
the surgical decompression. Additional studies are needed to
explain the mechanism for this phenomenon.

With regard to postoperative subdural hygroma, a number
of studies have already described the association with the de-
velopment of PTH. In particular, Kaen et al. demonstrated that
interhemispheric hygroma was a predictive radiological sign
of hydrocephalus development within the initial 6 months af-
ter DC in patients with severe head injury with a sensitivity of
94% and a specificity of 96% [28]. Moreover, De Bonis re-
ported that interhemispheric hygroma was present in 42% of
patients with hydrocephalus, and temporally preceded the oc-
currence of ventricular enlargement [18]. Even in our study, >
50% (10/18) of the patients had subdural hygroma preceded
by PTH. Many subdural hygromas resolve spontaneously;
nevertheless, careful observation is required in patients pre-
senting with subdural hygroma on serial CT scans because
there is a speculative relationship with PTH.

One significant finding that differed from those of previous
reports was the influence of postoperative hypothermia treat-
ment. Hypothermia has been reported to be effective in reduc-
ing the ICP, but its role has not yet been established in the
treatment of TBI. At our institute, there is no clear standard for
conducting hypothermia treatment after DC. Indeed, the pa-
tients who underwent hypothermia treatment experienced se-
vere brain swelling in the operating room or sustained persis-
tent increased ICP after DC in the intensive care unit. No
reports related to this association have been published previ-
ously, and the relationship between hypothermia and CSF
flow dynamics is also not known. Regardless, Honeybul
et al. found that the mechanism of PTH may be related to
the severity of the primary brain injury [31]. In addition,
Chen et al. reported that extra herniation after DC was

Table 2 Binary multivariate logistic analysis to identify risk factors
associated with posttraumatic hydrocephalus after decompressive
craniectomy

Variables Adjusted
odds ratio

95% confidential
interval

P
value

Postoperative intraventricular
hemorrhage

5.677 1.399–23.035 0.015

Postoperative hygroma 4.133 1.140–14.987 0.031

Postoperative hypothermia
treatment

18.180 2.641–125.142 0.003

Fig. 1 A representative computed tomography image depicting that postoperative subdural hygroma (a) precedes the development of PTH (b)
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independently associated with PTH [32]. Combining our find-
ings with those of the aforementioned studies, we can indi-
rectly infer that PTH occurs in patients with serious brain
injury including extra herniation after DC or persistent in-
creased ICP that are sufficiently severe to be considered for
additional hypothermia treatment. This is because severe brain
tissue damage is thought to cause more severe CSF circulation
and absorption disturbances [32]. However, further research is
needed to fully understand the mechanism regarding this.

In our study, an unfavorable functional outcome (GOS score
of 1–3) was observed in 16 patients (88.89%) with PTH, which
was significantly different from the rate of unfavorable outcome
in the 49 patients (63.64%) without PTH. Regardless, only
SDH and the presence of at least one dilated pupil predicted
poorer functional outcome at 12 months postoperatively in the
multivariate analysis. A large number of studies have investi-
gated the incidence of and risk factors associated with PTH, but
there is little information regarding its impact on functional
outcomes. In one such aforementioned study, the authors

demonstrated that hydrocephalus requiring a VP shunt was
related to unfavorable functional outcome, which was observed
in 86% of those with hydrocephalus but only 59% of those
without hydrocephalus [31]. According to other recent studies,
the occurrence of PTHwas found to correlate significantly with
unfavorable functional outcomes [33–35]. One study explained
that this is because PTH directly impairs brain metabolism and
function, and often leads to reduced clinical improvement and
poorer functional outcome without timely detection and early
management [32]. In addition to PTH, lower GCS scores on
admission, high postoperative progressive hemorrhagic injury,
bilateral craniectomy, older age, bilateral absence of pupil reac-
tivity, reduced albumin, long duration of comatose state, and
delayed cranioplasty were independent predictors that were cor-
related with unfavorable functional outcome [33, 35–42].
Although our results did not confirm that PTH is a significant
independent risk factor that can predict unfavorable functional
outcome in the multivariate analysis (P = 0.056), we identified
several novel predictors, such as SDH and at least one dilated
pupil, that were associated with unfavorable functional out-
come. In addition, decrease of pupil reactivity and delayed
cranioplasty were identified as predictive factors in the univar-
iate analyses.

Limitation of the study

We recognized some limitations in this study. First, the num-
ber of included patients was relatively small, which might
have limited our ability to draw firm conclusions. Second, this
study was retrospective in nature and utilized data only from
hospital records, which could lead to bias regarding patient
selection, data collection, and analysis. Finally, since the onset
time of PTH varies among patients, evaluating the functional
outcome at 12 months after DC may complicate the

Fig. 2 Comparison of the
outcomes of patients who
developed posttraumatic
hydrocephalus after
decompressive craniectomy and
those who did not

Table 3 Comparison of 12-month functional outcome of patients who
developed posttraumatic hydrocephalus after decompressive craniectomy
and those who did not

All
patients

PTH No PTH P
value

Favorable functional outcome
(GOS score of 1–3)

30
(31.5-
8%)

2
(11.1-
1%)

28
(36.3-
6%)

0.049

Unfavorable functional
outcome (GOS score of 4–5)

65
(68.4-
2%)

16
(88.8-
9%)

49
(63.6-
4%)

All values are presented as the number of patients (% of total)

GOS Glasgow Outcome Scale, PTH posttraumatic hydrocephalus
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interpretation of the results. Therefore, further prospective and
controlled studies with large populations are needed to obtain
more reliable results regarding PTH and to determine the pre-
dictors associated with the development of PTH and function-
al outcome.

Conclusions

Our study revealed that postoperative IVH, subdural
hygroma, and hypothermia treatment are risk factors associat-
ed with the development of PTH. Furthermore, SDH and at
least one dilated pupil were predictive factors that were
strongly associated with unfavorable functional outcome,
and PTH was somewhat associated with unfavorable func-
tional outcomes. Although these risk factors are not modifi-
able, it would be beneficial to conduct careful observation and
initiate promptmanagement for patients with these risk factors
in order to prevent unfavorable functional outcome caused by
PTH.
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