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Background: Posttraumatic hydrocephalus (PTH) is a frequent com-
plication secondary to traumatic brain injury, especially among pa-
tients keeping chronic unconscious. And effects of shunt implantation
on improving outcomes among these patients are still controversial.
This studywas aimed to assess the long-termoutcomes following shunt
implantation amongpatientswhohadPTHandkept chronicunconscious.
Methods: Aprospective studywas performed to include patientswho
had PTH and remained in severe conscious disturbance from March
2010 to December 2010. All of included patients would have shunt
implantation and be closely followed up at least for 2 years to assess
final outcomes.
Results: Fifteen patients having PTH were identified. Before shunt
implantation, 2 patients kept vegetative state (GlasgowOutcome Scale
[GOS] score 2), and 13 patients kept minimally consciousness with
severe disability (GOS score 3). After shunt implantation, the shunt
device was removed because of intracranial infection in 1 patient, and
the other patient died because of allergic shock. Among the remain-
ing 13 patients, finally 7 patients had improvement on GOS or Mod-
ified Barthel Index (MBI) score during the 2-year follow-up, but only
1 patient achieved a good outcome (GOS score 4, independent life).
Among them, 5 patients’ outcomes improved as assessed by GOS or
MBI score during the first 3 months following shunt implantation.
During the fourth to sixth month following shunt implantation, there
were 2 patients who showed first rise on GOS or MBI score. Beyond
6 months, no patient showed initial improvement. And among patients
who showed improvement, most of them kept improving during a
certain time.
Conclusions: Aproportion of patients who had PTH and remained in
severe conscious disturbance would benefit from shunt implantation,
and the improvement may turn up late after this procedure.
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Posttraumatic hydrocephalus (PTH) is a frequent complication sec-
ondary to traumatic brain injury (TBI), especially for patients with

severe head trauma. According to different diagnostic criteria, the re-
ported incidence of PTH after trauma is quite variable, ranging from
0.7% to 29%.1 For the patients who keep severe conscious disturbance
after a head trauma, especially among those invegetative state (VS), the
incidence of PTH would be much higher.2

Chronic unconsciousness is a quite common sequelae following
head trauma as well. Posttraumatic hydrocephalus is able to prevent
unconscious patients to recover after a head trauma, and academically a
procedure of shunt implantation should be performed to correct PTH
for better outcomes.However, actually only a proportion of patients are
able to benefit from this procedure. Lumbar puncture in most of these
patients commonly demonstrates normal intracranial pressure (ICP), or
even low ICP, and almost all of chronic hydrocephalus secondary to
head trauma indeed belong to normal pressure hydrocephalus (NPH).1,3

Typical symptoms of NPH include dementia, gait disturbance, and
psychomotor retardation. For patients who have these typical clinical
presentations, the chance that they can benefit from shunt implantation
is quite high. Unfortunately, a large proportion of these patients who
have PTH are asymptomatic, and whether shunt implantation could im-
prove such patients’ neural functional outcomes is always unsure be-
fore the procedure, especiallywhenpatients keepunconscious.Besides
considering the potential risk secondary to this shunt placement, such
as intracranial infection, intracranial hematoma, and dysfunction of
shunt system, the decision to perform shunt implantation is always dif-
ficult for neurosurgeons.

This study is aimed to assess long-time effects of shunt implan-
tation on improving outcomes among patients who had chronic un-
conscious after TBI and suffered fromPTH through a prospective study.

METHODS
This study was planned to include unconscious patients who

suffered from PTH and had shunt implantation in our institute during
March2010 toDecember 2010.The researchprotocolwas approvedby
the clinical research ethics committee of our institute. Moreover, the
consent to participate in the study as well as publish the results of the
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study had been signed by patients’ deputies, because all of these pa-
tients were unable to make any decision by themselves.

Inclusion criteria of the study group were detailed as follows:
(1) patients who were diagnosed as PTH;
(2) before the procedure of shunt implantation, the patient remained

chronic unconscious for at least 1 month after a head trauma;
(3) shunt implantation was performed for the management of hydro-

cephalus in this institute; and
(4) patients who had known severe neurologic deficits before the

trauma were excluded from this study.

In this study, chronic unconsciousness after severe head trauma
included VS and minimally conscious state (MCS). However, the di-
agnosis of persistent VS may have not been made.

After inclusion, the research team would develop a file for col-
lecting each patient’s information. The data about head trauma and
hydrocephalus would be reviewed and recorded in detail. Besides, in
this study, a neuroimaging standard was used to assess the severity of
hydrocephalus. The ratio of cerebral ventricle diameter (the maximum
of the transverse diameter of themiddle of theventricle in the computed
tomography [CT] imaging) to biparietal diameter was used for the
assessment: 26% to 40% indicated mild hydrocephalus (score 1); 41%
to 60% was moderate hydrocephalus (score 2)s and 61% to 90% in-
dicated severe hydrocephalus (score 3).4 Higher score means more
severe hydrocephalus. After shunt implantation, prognosis of patients’
neurologic function and outcomes of PTH would be closely followed
and recorded.

Patients’ outcomes after the shunt implantation procedurewould
be evaluated using the Glasgow Outcome Scale (GOS) score and
Modified Barthel Index (MBI) score. The research team would assess
each patient’s outcomes at 3, 6, and 12 months and 2 years following
the procedure of shunt implantation. Follow-up would be performed
through telephone or direct outpatient interviews with the patients or
with family members. After shunt implantation, a rise in the GOS or
MBI would be considered an improvement.

RESULTS
During January 2010 to December 2010, we identified 15 pa-

tients who met the study criteria. All of these patients were initially
evaluated by the study teambefore the shunt implantation and followed
up closely after the procedure. The patients’demographic information
and trauma characteristics are shown in Table 1. In this series, there
were 13 patients who also had large cranial defect because of initial de-
compressive craniectomy; and among them, 8 patients had cranioplasty
(the procedure was performed after shunt implantation among 6 pa-
tients, before shunt implantation in 1 patient, and for the remaining one
it was performed with simultaneous shunt implantation),

Each patient had been evaluated at 3, 6, and 12 months and
2 years after shunt implantation. The detailed information about PTH

and outcome assessment at different times following shunt implanta-
tion is shown in Table 2.

All of these patients kept unconscious after a head trauma.
Before shunt implantation, 2 patients kept VS (GOS score 2), and
13 patients were in MCS with severe disability (GOS score 3). Before
shunt implantation, most of these patients had mild or moderate hy-
drocephalus evaluated by the neuroimaging standard mentioned be-
fore, and only 3 of them had severe hydrocephalus. Besides, ICP
detected by lumbar puncture did not exceed 200 mm Hg among all of
these patients, which was considered as an NPH. Pressure-adjustable
valve was implanted among 5 patients, and median pressure valve
was used among other patients. Eight patients had shunt implantation
during the first to third month following initial head trauma, 5 patients
during the fourth to sixth month, 2 beyond sixth month.

Intracranial infection after shunt implantation occurred in
1 patient (patient 3). The shunt device was removed at last, and the
patient’s relatives denied a second shunt implantation. For another
patient (patient 7), allergic shock attacked after the procedure of shunt
and led to the patient’s death. Among other patients, there were no
severe complications secondary to shunt implantation, for which a
further procedure was necessary. The remaining 13 patients were fol-
lowed up continually. Among them, enlarged ventricle shrunk was
reduced to CT scan during the first 3 months in 8 patients, and among
the remaining patients, the size of the ventricle kept stable but was
not reduced.

Among the 13 patients, 5 patients’ outcomes improved as as-
sessed by GOS orMBI score during the first 3 months following shunt
implantation. During the fourth to sixth month following shunt im-
plantation, there were 2 patients who showed first rise on GOS orMBI
score. Beyond the sixthmonth, no patient showed initial improvement.
In total, 7 patients (7/13) had improvement on GOS or MBI score
during the 2-year follow-up. And among patients who showed im-
provement, most of them kept improving during a certain time except
1 patient. Only 1 patient finally achieved a good outcome (GOS score
4, independent life).

DISCUSSION
Traumatic brain injury is always a leading cause for death and

severe disability among patients younger than 35 years.5 With the de-
velopment of clinical medicine, the mortality of TBI is reduced dra-
matically; however, a huge proportion of these patients still survived
with severe disability. Chronic unconsciousness is a common but di-
sastrous consequence following severe TBI. Commonly chronic un-
consciousness after a head trauma includes VS and MCS.6 The main
reason for severe unconsciousness is diffuse damage to subcortical
white matter.7,8 Besides, kinds of late complications are also able to
cause unconsciousness after a head trauma.

Hydrocephalus is a common complication secondary to severe
head trauma. As mentioned above, the reported incidence is quite
variable according to different diagnostic criteria. Today, the most
accepted criteria for PTHare onsetwithin6months after a head trauma;
dilation of ventricles not because of brain atrophy, according to a CT
scan; and neurological deterioration or lack of improvement.9 Most of
PTH cases are believed to be with normal ICP, but few patients show
typical symptoms of NPH. For patients developing PTH, it is fre-
quently presented with failure to improve or with deterioration after a
head trauma.Actually, PTHhas a higher incidence amongpatientswho
are unconscious after a head trauma, especially for thosewho are inVS
or MCS.2 And hydrocephalus also is a predictive factor for chronic
unconsciousness after a head trauma.10 At present, a shunt implanta-
tion procedure is believed to be useful and also is the most popular
method to correct hydrocephalus. However, the effects of this pro-
cedure on improving patients’ outcomes are always unsure before it
has been performed, especially when the patient also has chronic

TABLE 1. Demographic Information and Trauma Characteristics

n 15
Male/female, n 11/4
Injury mechanism
Traffic accident 12
Falling 3

Age, y
Range 24Y66
Average 47 T 13

No. cases with large cranial defect 13
No. cases having cranioplasty 8
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hydrocephalus. If ICP measured by lumbar puncture is consistently
greater than 200mmH2O or the patient has typical symptoms of NPH,
the chance that patient is able to benefit from shunt implantation is
high, and it is necessary to perform shunt implantation. However, for
patientswho keep unconscious after a head trauma, it is difficult to find
any symptoms or signs of hydrocephalus. From our knowledge, only
few studies focused on these patients who kept unconscious and de-
veloped PTH after severe head trauma. Tribl et al reported 48 patients
who had PTH and underwent the procedure of shunt implantation.
Before shunt implantation, there were 18 patients (37.5%) who lived
with VS, and 30 patients kept severely disabled but conscious; at the
time of 3 months following shunt implantation, the number of patients
kept VS decreased to 12 (25.0%), and during the time of follow-up
lasting for an average 3.52 years, 52.1% of patients showed im-
provement. However, the author did not detail the information of
outcomes of these 18 patients who lived with VS before shunt im-
plantation.11 Low et al reviewed 23 patients who underwent shunt
implantation because of PTH among 871 patients with severe TBI
(a GCS score of e8 on admission or a deterioration of GCS score to
e8 after admission due to evolving intracranial injury). Seventeen
patients (74%) achieved improvement after the procedure of shunt
implantation. Whereas 11 patients (48%) had GCS improvement of
2 points or more than 2 points, 6 patients (26%) had a single-point
GCS improvement.12 But we do not know the conscious state and
neurological functions before the shunt implantation. Mazzini et al
reported 140 patients with severe TBI (a GCS score of e8 in the acute
phase or coma lasting for 96 hours), of whom 45% developed hy-
drocephalus.13 Thirteen patients among whom hydrocephalus was
assessed as severe by the neurological image criteria underwent shunt
implantation, and 5 of themwere in persistentVS.At last,most of these
patients showed clinical improvement, including 3 of the 5 patients
in VS. We also reported our retrospective study on outcomes of
shunt implantation among patients who developed PTH but without
atypical symptoms.2 At the 12-month follow-up, 20 (64.5%) of the
total 31 patients showed clear improvement. Licata et al reported
83 patients who underwent shunt implantation for PTH, despite se-
vere preoperative conditions (75% in unconsciousness); the results

were as follows: good recovery in 37 patients (45%), partial disability
in 9 patients (11%), persistent coma in 29 patients (35%), and death
in 7 cases (8%).14 Among these studies, at least half of the patients
with PTH are able to benefit from the procedure of shunt implantation,
but these studies also included conscious patients before shunt im-
plantation. In this prospective study, we focused on patients who kept
unconscious after a head trauma. Except 2 patients who developed
severe complications, in total 7 patients (7/13) had improvement on
GOS or MBI score during the time of 2-year follow-up. The rate of
patients who were able to improve after shunt implantation is also be-
yond 50%. From these studies, it seems the procedure of shunt im-
plantation is worth for neurosurgeons to try.

Besides, kinds of experiments have been introduced to predict
outcomes before the procedure of shunt implantation. Cerebrospinal
fluid (CSF) dynamics measurements may help in formulating the
diagnosis of PTH and in identifying patients who may benefit from
shunt implantation, and there are several methods to perform CSF
dynamics measurements. Measuring R(out), which is a value for
resistance of CSF outflow, is a popular method of CSF dynamics
evaluation. Bech-Azeddine et al performed lumbar infusion test and
intraventricular assessment before shunt implantation among patients
with communicating hydrocephalus or NPH.15 Through these tests,
among the selecting patients, the author reported a higher rate of
patients who can improve after shunt implantation. Another popular
method of CSF dynamics measurements is tap test, which assesses
the clinical improvement after giving out a certain volume of CSF to
predict the effects of shunt implantation.16 These methods may be use-
ful for those patientswho haveNPHbut keep conscious. But for patients
with chronic unconscious, it is difficult to prove clinical improvement
during a short time. In addition, several neuroimging examinations, in-
cluding magnetic resonance imaging, single-photon emission CT, and
CT, have been introduced to help for diagnosis and prediction of out-
comes after shunt implantation.13,17 Missori et al showed that the
assessment of the void in the cerebral aqueduct of patients with PTH
on magnetic resonance imaging evaluation could suggest the correct
diagnosis and have prognostic value.17 Besides, the clinical status is
also an important factor to predict patients’ outcomes, and it can be

TABLE 2. Information About PTH and Outcome Assessment

No. Sex Age, y
Severity
of PTH ICP

Pressure
Adjustable

Time
Range

Outcome* Outcome† Outcome‡ Outcome§ Outcome||

GOS MDI GOS MDI GOS MDI GOS MDI GOS MDI

1 M 46 2 200 j 1Y3 mo 2 0 2 0 3¶ 0 3 0 3 0
2 M 47 3 100 j 1Y3 mo 3 0 3 0 3 0 3 0 3 0
3 M 42 1 120 j 3Y6 mo 3 0 V V V V V V V V

4 M 32 2 120 + 3Y6 mo 3 0 3 35¶ 3 65¶ 3 75¶ 3 75¶
5 F 61 2 120 + 1Y3 mo 3 0 3 20¶ 3 35¶ 3 40¶ 3 40
6 M 57 2 90 j 96 mo 3 0 3 0 3 0 3 0 3 0
7 M 66 1 280 j 1Y3 mo 3 0 V V V V V V V V

8 M 45 1 130 j 1Y3 mo 3 0 3 20¶ 3 25¶ 3 25 3 25
9 F 48 2 120 j 3Y6 mo 3 0 3 0 3 0 3 0 3 0
10 M 28 1 160 j 1Y3 mo 2 0 2 0 2 0 2 0 2 0
11 M 55 3 120 + 1Y3 mo 3 0 3 0 3 15¶ 3 25¶ 3 25
12 M 39 2 180 + 1Y3 mo 3 0 3 25¶ 3 55¶ 3 60¶ 3 60
13 F 65 3 130 + 3Y6 mo 3 0 3 0 3 0 3 0 3 0
14 M 49 1 100 j 3Y6 mo 3 0 3 0 3 0 3 0 3 0
15 M 24 1 180 + 1Y3 mo 3 0 3 15¶ 3 70¶ 3 75¶ 4¶ 85¶

*Patient outcomes evaluated before shunt implantation.
†Patient outcomes evaluated 3 months following shunt implantation.
‡Patient outcomes evaluated 6 months following shunt implantation.
§Patient outcomes evaluated 12 months following shunt implantation.
||Patients outcomes evaluated 2 years following shunt implantation.
¶Increasing score of patients’ outcomes.
M indicates male; F, female; Time Range, the time range from head trauma to shunt implantation.
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predicted patients in a better clinical condition before shunt implan-
tation have better outcomes.3,14 Though there are already lots of
methods, it is still difficult to predict outcomes before shunt implan-
tation for these patients keeping unconscious following severe head
trauma through these exiting methods. And the guidelines for NPH are
not suitable for these patients either, because of the severe conscious
disturbance.

Nevertheless, for patients who have hydrocephalus and keep
unconscious following severe head trauma, shunt implantation is just a
part of thewhole treatment. The rehabilitation and long-time follow-up
after shunt implantation is quite important. In our series, somepatients’
clinical improvements were presented after 3 months following shunt
implantation, and some of them kept improving during the whole time
range of follow-up.

In conclusion, from this prospective study, more than half pa-
tients who developed PTH and kept chronic unconscious were able
to improve after shunt implantation. But the clinical improvement may
be presented late, and the continuous rehabilitation and long-time
follow-up after shunt implantation are important for these patients.
At present, it is still difficult to predict outcomes before shunt im-
plantation for these patients. For patientswho developed PTH and kept
chronic unconscious, the shunt implantation is worthy to try, but con-
sidering the unpredictable outcomes and patients’ poor conditions, the
decision should be cautious.
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