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Objective: Ventricular enlargement following head injury is a frequent finding but cases requiring shunt operation are rare.
The incidence and developing factors of post-traumatic hydrocephalus (PTH) have been variously reported, but studies for
factors influencing outcomes of shunt operation for PTH are rare. The incidence of PTH requiring shunt operation, causing
injuries, and factors influencing outcome of shunt operation need to be identified.

Methods: In total, 1,142 patients suffering from traumatic brain injury (TBI) between January 2007 and December 2012
were admitted to our department. Of them, 23 patients underwent shunt operation for diagnosed PTH. In this clinical study,
we reviewed retrospectively our TBI database and in the 23 patients, we evaluated outcomes with Glasgow Outcome Score
just before the operation, at 14 days, 3 months, and 6 months according to initial Glasgow Coma Scale (GCS) score, interval
time between shunt operation and trauma, and lumbar cerebrospinal fluid (CSF) pressure.

Results: The incidence of PTH treated with shunt operation was 2.01%. Subdural hematoma (SDH) was the most common
preceding head injury. The outcomes of shunt operation were not related with lumbar CSF pressure or interval time from
trauma, but initial GCS score correlated with the outcome.

Conclusion: In present study, 2.01% of TBI patients underwent shunt operation. SDH was the most common preceding in-
jury. Admission GCS score was related to the outcome of shunt operation. However, there were no correlation between the

outcome of shunt operation and initial lumbar CSF pressure or interval time of shunt operation after the trauma.

(Korean J Neurotrauma 2015;11(2):58-62)
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Introduction

Ventricular enlargement following head injury is a fre-
quent finding but cases that require shunt operation are rela-
tively rare.” Hydrocephalus following traumatic brain in-
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jury (TBI) or post-traumatic hydrocephalus (PTH) is not just
a ventricular enlargement but an active and progressive dis-
order of cerebrospinal fluid (CSF) accumulation in the ven-
tricular system, causing compression of the brain paren-
chyme.” It increases the rates of morbidity and mortality in
TBI patients, but it is a treatable complication of TBL""**”
Most patients with PTH underwent shunt operation have
had favorable outcomes.”” Many studies have reported vari-
ous incidences and risk factors, under different diagnostic
criteria, but few studies have focused on factors influencing
outcome of shunt operation for PTH. In this study, we ana-
lyzed the incidence, major clinical injuries prior to shunt
operation, and factors influencing outcome of shunt opera-
tion for patients diagnosed with hydrocephalus following
TBI at our institution.



Materials and Methods

From January 2007 to December 2012, the subjects were
the 1,142 consecutive patients suffering from TBI. The main
diseases/conditions were skull fracture, cerebral contusion
(including diffuse axonal injury) or traumatic intracerebral
hematoma (T-ICH), epidural hematoma (EDH), subdural
hematoma (SDH), and traumatic subarachnoid hemorrhage
(T-SAH). Clinical data were collected retrospectively.

Of them, 23 patients underwent shunt operations. The
presenting symptoms or syndrome for considering shunt
operation were mental deterioration during improvement,
failure to improve (neurologic plateau) for unconscious
patients, decline in functions of daily living, headache, gait
disturbance, urinary incontinence, confusion, and emotion-
al lability etc. for conscious patients. Before shunt operation,
all patients were checked or followed up serially by brain
computed tomography (CT), brain magnetic resonance im-
aging (MRI), radionuclide isotope (RI) cisternography, and
serial lumbar drainage (20 to 40 cc per drainage, 1-day to
1-week intervals, more than twice). Indicated brain CT find-
ings were ventricular enlargement with periventricular low
density, cortical sulci effacement, and basal cistern obliter-
ation. Brain MRI was used to identify periventricular ede-
ma. RI cisternography was assessed for CSF stasis or reflux
in the ventricles. They were selected by presenting any
symptomatic improvement after serial lumbar drainage.

Shunt operations were ventriculoperitoneal shunt in all
23 patients. Codman-Hakim programmable valves were im-
planted.

The outcomes of shunt operation were evaluated with
the Glasgow Outcome Score (GOS) (Table 1). Evaluation
times were just before the shunt operation, and at 14 days,
3 months, and 6 months after the shunt operation. Statistical
analyses were made using the y test. p-values <0.05 were
considered to indicate statistical significance.

Results

The 23 (2.01%) analyzed subjects were those who under-

TABLE 1. Glasgow Outcome Scale

Grade Glasgow Outcome Scale
1 Dead
2 Vegetative
3 Severely disabled
4 Moderately disabled
5 Good

Some paper defined Glasgow Outcome Scale in reverse: 1
(good) to 5 (death)
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went shunt operation among 1,142 TBI patients. Their mean
age was 60.5 years (range, 14—83 years). There were 17 males
and 6 females (2.83:1). Thus, males were about three times
more common than females, but this did not differ from
the whole TBI patient group (2.6:1). For the main clinical
disease, SDH was the most common (56.5%), followed by
T-SAH (21.7%), and T-ICH or cerebral contusions (17.4%),
in that order (Table 2). Among the 23 PTH patients, 16 had
undergone open cranial operation for the removal of hema-
tomas before the shunt operation (Figure 1). Complications
occurred in two of the 23 patients. One was ventriculoperi-
toneal and the other was shunt malfunction.

Interval time (Table 3)

The interval between trauma and shunt operation was
analyzed: 2 within 1 month, 7 in a 1-2 months (most com-
mon), 3 in 3 months, 4 in 4 months, 2 in 5 months, 1 in 6
months, and 4 after over 6 months. Among them, 1 patient
was followed for 1 to 2 years and underwent shunt opera-
tion (Figure 2). In the analysis of outcomes related the in-
terval time of shunt operation, 2 of 2 who underwent shunt
operation within 1 month improved, 8 of 9 who underwent
the operation in 1 to 3 months improved, and 10 of 12 who
underwent the operation after 3 months also improved.
Thus, it seemed that the interval time between shunt oper-
ation and trauma had no effect (p>0.05).

Lumbar cerebrospinal fluid pressure (Table 4)

Prior to the shunt operation, we performed lumbar punc-
ture in all patients. Outcomes related to CSF pressure at
lumbar spinal tapping prior to shunt operation were ana-
lyzed. The group was divided into two: CSF pressure above
and below 160 mmH,0." Of 15 patients who showed CSF

TABLE 2. Baseline demographic clinical characteristics

Variables Shunt operation Total
Number of patients 23 (2.01%) 1,142
Age range (mean), years 14-83 (60.5)

Gender ratio (M:F) 17:6 (2.83:1) 825:317 (2.6:1)
Clinical main diagnosis
Skull fracture 1(43%)* (0.6%)t 148 (13%)
EDH 0(0%)* (0% 182 (16%)
SDH 13 (56.5%)* (3.1%)t 479 (41.9%)
T-SAH 521.7%)* (4.4%)t 114 (9.9%)
T-ICH or cerebral 4(17.4%)* 1.8%)t 219 (19.2%)
contusions

zpercentage of proportion to total 23 patients who under-
went shunt operation, fpercentage of proportion to total
number of each main disease. EDH: epidural hematoma,
SDH: subdural hematoma, T-SAH: fraumatic subarachnoid
hemorrhage, T-ICH: tfraumatic intracerebral hematoma
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FIGURE 1. A: Seventeen-year-old male was admitted due to a motor cycle accident. Initial brain computed tomography. B: Four
months, 20 days after trauma, he underwent a decompressive craniectomy, and a repeated operation for a bilateral subdural he-
matoma. Cranioplasty was done 40 days after the trauma. Ventricular enlargement developed from about 2.5 months after trauma.
Posttraumatic hydrocephalus was confirmed at 140 days after trauma. C: One week after ventriculoperitoneal shunt, the proximal
catheter tip is seen in the frontal horn of the right lateral ventricle, which was inserted from the parietal-occipital point under frame-
less stereotactic guidance. His Glasgow Outcome Score increased from 2 to 3 at 6 months after trauma.

TABLE 3. Outcome as related the interval time of shunt operation

Total
2 (8.7%)
9 (39.1%)
12 (52.2%)

Timing (month) Improved
<1 2 (8.7%)
1-3 8 (34.8%)
>3 10 (43.5%)

p-value=0.791

Not improved
0 (0%)
1(4.3%)

2 (8.7%)

Interval fime of shunt operation after TBI

Number of shunt operation (no.)
N
1

1 2 3 4 5 6 =7

Time after trauma (months)

FIGURE 2. Interval time of shunt operation after traumatic brain
injury. TBI: traumatic brain injury.

pressures below 160 mmH,O, 13 improved, as did 7 of 8
patients who had CSF pressures above 160 mmH,O
(p=0.955). Thus, intracranial pressure (ICP) prior to the shunt
operation also seemed to have no significant relationship
with prognosis.

GCS at admission (Table 5)
The Glasgow Coma Scale (GCS) score at admission was
classified as GCS 5 to 8, 9 to 12, and 13 to 15 groups. Two
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TABLE 4. The outcome of shunt operation as related to lumbar
CSF pressure

CSF pressure Improved Not improved Total
<160 mmH.0 13 (56.2%) 2 (9.0%) 15 (65.2%)
>160 mmHO 7 (30.4%) 1 (4.4%) 8 (34.8%)

p-value=0.955. CSF: cerebrospinal fluid

TABLE 5. The outcome of shunt operation as related to admis-
sion GCS

GCS Improved Not improved Total

5-8 2 (8.7%) 2 (8.7%) 4 (17.4%)
9-12 7 (30.4%) 1 (4.4%) 8 (34.8%)
13-15 11 (47.8%) 0 (0%) 11 (47.8%)

p-value=0.039. GCS: Glasgow Coma Scale

of 4 (8.7%) in the GCS 5 to 8 group, 7 of 8 (4.4%) in the GCS
9 to 12 group, and all patients in the 13 to 15 group improved
(p=0.039, which is statistically significant). Thus, initial
GCS score would seem to be related to the outcome of shunt
operation.

Discussion

PTH as a clinicopathologic entity has been recognized
since Dandy and Blackfan’s report® in 1964. The incidence
rates of symptomatic PTH in the literature vary widely, rang-
ing from 0.7% to 29%.>*'? If the CT criterion of ventricu-
lomegaly is used, the reported incidence ranges from 30%
to 86%.'""¥ Gudeman et al."” reported the incidence of ven-
tricular enlargement after TBI between 1.5% to 29%, when
evaluated by CT. But the incidence rate of PTH requiring



shunt operation was only 1% to 4%.”

In the present study, 1,142 patients were admitted to our
institution following significant head trauma. Of them, 23
patients underwent ventricular shunt operation. Thus the
incidence of PTH requiring shunt operation was 2.01%.
Tribl and Oder™ reported that out of 3,426 severe head-in-
jury patients, 48 (1.4%) underwent implantation of ventric-
ular shunt.

Risk factors for PTH are not yet fully identified but data
suggested severity of injury, age, duration of coma, and de-
compressive craniectomy (DC) increased the risk.” Previous
studies suggested that factors such as altered ICP dynamics,
mechanical blockage, and inflammation of the arachnoid
granulation by postsurgical debris may induce PTH."*"*"
Waziri et al.”” suggested that DC may play a role in the flat-
tening of the normally dicrotic ICP waveform in patients
having the procedure, due to the transmission of the pres-
sure pulse out through the open cranium. The size of DC
and repeated operation may promote PTH in severe head
trauma patients who undergo DC.” In the present study, 16
(70%) patients underwent decompressive operation before
shunt operation. Two (9%) patients had reoperation before
shunt operation.

General risks related to shunt surgery include infection,
bleeding, CSF leakage, seizures, and neurological deficits.
There is an estimated 3% to 4% risk for intracerebral hem-
orrhage and an estimated 1% to 2% risk for coma and mor-
tality. In contrast, Tribl and Oder’® reported that 15 (31.3%)
patients showed postoperative complication. Postoperative
complication occurred in 2 (0.9%) patients in our study. This
ratio is considered to be quite low versus other reported
studies. Reasons for the low incidence of complications
may be affected by the small number of patients and short
follow-up period.

SAH has been cited as the most important pathology lead-
ing to the development of PTH."*'¥ We found SDH in 13
(56.5%) patients and SAH in 5 (21.7%). Of the 23 patients,
22 (96%) had intradural pathology. For skull fracture pa-
tient, it seems that PTH was caused by meningitis during
the observation. SDH was the most commonly found issue
in initial CT scans in PTH patients who underwent shunt
operation. The reason that SDH is the most common pre-
ceding injury for shunt operation suspected that SDH is
the largest number of intradural lesion in our TBI pool (Ta-
ble 2). Hematomas on the cerebral convexities may induce
inflammation or adhesions to arachnoid granulations. It
causes disturbance of CSF absorption to make communi-
cating hydrocephalus. EDH had no effect on PTH (Table 2).
The reason seems that EDH is almost extradural lesion. Its
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intradural effect can be ignored.

One of the predictive parameters for outcome after shunt
implantation appeared to be pre-operative clinical status.
Patients in better clinical condition generally had a better
outcome."**” In the GCS 13—15 group, 11 (100%) patients
showed improved outcomes. However, in the GCS 5 to 8
group, 2 (50%) patients showed improved outcomes. Tribl
and Oder™” reported similar results. He investigated the out-
come of 48 patients after severe brain injury. His patients
in a better pre-operation level of GOS 3 improved in 63.3%
of cases, whereas 36.7% did not improve. However, only
one-third of patients with GOS 2 before shunt implantation
improved within 3 months; two-thirds did not. All current
neurosurgical and neurocritical care interventions target the
delayed effects of secondary injuries and secondary insults.
More severe brain injury occurred more often after the de-
velopment of PTH. Even though the CSF flow disorder was
treated by the shunt surgery, effects of the brain injury are
thought to remain. So, higher GCS patients improved after
the shunt operation.

In our study, all patients were evaluated by brain CT and
RI cisternography. Lumbar CSF pressure was monitored.
Serial lumbar drainages were performed in all patients. The
initial lumbar CSF pressures were divided two groups, less
than 160 mmH,O (15 patients) and higher than 160 mmH,O
(8 patients).” In the less than 160 mmH,O group, 13 (56.2%)
patients showed improved outcomes. In the higher than 160
mmH,O group, 7 (30.4%) patients showed improved out-
comes. Thus, we found no correlation between the lumbar
pressure and postoperative outcome improvement. This
result is consistent with the results reported by Kim et al."”
They reported outcomes of 64 PTH patients requiring shunt.
Symptoms improved after shunt operation in 46 patients
(90%) with normal pressure hydrocephalus. This outcome
was better than the improvement seen in only 6 (46.1%) pa-
tients who had higher than 180 mmH,O of spinal pressure
before the shunt operation.

The timing of treatment also remains controversial."”
PTH can present acute, subacute, and syndrome of normal
pressure hydrocephalus. Kishore et al.”” reported that more
than 93% of cases of ventriculomegaly presented within 2
weeks post-injury. Marmarou et al.'” suggested that most
cases of ventriculomegaly will present by 1 month post-
injury. We divided patients into three groups for the inter-
val between trauma and shunt surgery. Most of our patients
received shunt operation within 6 months after trauma. In
this study, interval time and postoperative improvement
showed no correlation. On the other hand, this result showed
that most patients were improved after shunt operation,
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regardless of the operation interval time. Wood et al.*” in-
sisted that patients with clinical symptoms of hydrocepha-
lus for less than 6 months had a better prognosis. However,
Sheffler et al."” presented a case of PTH that improved with
a shunting procedure after having clinical symptoms of
PTH for 11 months after a closed head injury.

Brain injury patients commonly have other severe inju-
ries (e.g., long bone fracture, intestine organ rupture). For
these patients, this result suggests a basis that the shunt op-
eration can be delayed. We often found PTH in patients with
head trauma during the follow-up period. In these cases,
contrary to assuming a poor prognosis due to the possibility
of delayed shunt surgery, we suggest to do shunt operation
regardless of the interval time with trauma.

Finally, this study has the limitations of being a retrospec-
tive study with a small sample size and lack of natural histo-
ry of PTH. More long-term follow-up and prospective studies
are needed.

Conclusion

In present study, 2.01% of TBI patients underwent shunt
operation. SDH was the most common preceding head in-
jury for PTH. Admission GCS score is related to the outcome
of shunt operation. However, we found no correlation be-
tween the outcome of shunt operation and initial lumbar
CSF pressure or the interval time of the shunt operation af-
ter the trauma.

m The authors have no financial conflicts of interest.
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