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Abstract

Cerebrospinal fluid (CSF) diversion is an essential component of neurosurgical care, but the rates and
significance of hemorrhage associated with external ventricular drainage (EVD) and ventriculoperitoneal
(VP) shunt procedures have not been well quantified. In this retrospective study, the authors examined the
frequencies of hemorrhagic complications associated with EVD and VP shunt procedures, and attempted
to identify associated risk factors. The treatment records of 370 EVDs in 276 patients and 102 VP shunts
in 96 patients performed between 2008 and 2010 were retrospectively reviewed. Post-insertion computed
tomographic (CT) scans were analyzed for any new hemorrhage related to the ventricular catheter. The
effects of diagnosis at admission, endovascular treatment, anti-platelet medication, and a concurrent cra-
niotomy operation were included in the analysis conducted to identify risk factors of ventricular catheter-
related hemorrhage. Hemorrhage following EVD was detected on CT scans in 76 (20.5%) of the 370 cases.
However, symptomatic hemorrhage occurred in only 5 cases (1.4% of all EVDs). VP shunt was associated
with a higher incidence of ventricular catheter-related hemorrhage than EVD (hemorrhage rate: 43.1%)
and the rate of detectable neurological change was 2.9%. Multivariate logistic-regression analysis of risk
factors of EVD-related hemorrhage identified preoperative anti-platelet medication as the only significant
factor (odds ratio, 3.583 [95% confidence interval, 1.353 to 9.486]; p = 0.010). Ventriculostomy-related
hemorrhagic complications were more common than anticipated, especially for the VP shunt procedure.
However, such hemorrhages are rarely large, rarely the cause of neurological deterioration, and rarely
require surgical removal. Preoperative anti-platelet medication appears to affect EVD-related hemor-

rhage development.
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Introduction

The placement of cerebrospinal fluid (CSF) diver-
sion devices, such as external ventricular drainages
(EVDs) and ventriculoperitoneal (VP) shunts, are
essential components of neurosurgical care. Many
qualitative studies on complications after EVD and
VP shunt placements have been undertaken, and
shown that the two main complications are infec-
tion and iatrogenic related hemorrhage. However,
the rates and significance of hemorrhage associated
with this procedure have not been well quantified,
because small hematomas following ventriculostomy
are often overlooked or not detected. This retrospec-
tive study focuses on the frequency of hemorrhagic
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complications associated with EVD or VP shunt
placement, and on the prevalences of clinically
detectable neurological changes after ventricular
catheter-related hemorrhage, as well as a comparison
of risk factors associated with ventricular catheter-
related hemorrhage.

Materials and Methods

The treatment records of 370 EVDs in 276 patients
and 102 VP shunts in 96 patients admitted to our
institute between January 2008 and December 2010
requiring CSF diversion were retrospectively reviewed.
One hundred and fifity-seven females (57%) and
119 males (43%) aged from 1 month to 90 years
(median 56 years) constituted the EVD group, and
50 females (52%) and 46 males (48%) aged from
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5 months to 78 years (median 51 years) composed
the VP shunt group. Admitting diagnoses of EVD
cases included acute complications of cerebrovas-
cular disease (n = 328), the majority of whom had
experienced an aneurysmal subarachnoid hemor-
rhage (SAH) (n = 212) or a hypertensive intracer-
ebral hemorrhage (ICH) (n = 113). Other indications
for EVD included traumatic brain injury (n = 16),
tumor (n = 12), primary hydrocephalus (n = 12),
and intracranial infection/inflammation (n = 2). For
VP shunt operations, diagnoses at admission included
SAH (n = 53), hypertensive ICH (n = 10), trauma (n =
12), tumor (n = 11), primary hydrocephalus (n = 12),
cerebral infarction (n = 3), and intracranial infection/
inflammation (n = 1) (Table 1).

It is worth noting that since our institution
emphasizes education, a substantial majority of all
ventricular catheters are placed by 4th year neuro-
surgery residents with varying degrees of supervi-
sion. Correct placement of ventricular catheters was
accomplished in 90% of the operations after one
pass, and none of the cases required more than two
attempts. The preferred side for ventricular catheter
placement is the presumed non-dominant (right)
side unless the patient’s anatomy or underlying
pathology is otherwise prohibitive.

EVDs were placed according to the following
protocol under general anesthesia. Kocher’s point
is first identified and the area is then prepped and
draped in a sterile fashion.? Following infiltration
of a local anesthetic, a skin incision is created and
a bur hole is then placed through this incision
with a high speed drill. After dural incision, a
ventricular catheter is advanced orthogonally to the
brain parenchyma and according to the coronal and

Table 1 Admitting diagnosis of two different ventricu-
lostomies

Admitting diagnosis EVD (%) VP shunt (%)
Cerebrovascular

SAH 212 (57.3) 52 (51.0)

ICH 113 (30.5) 10 (9.8)

Infarct 3 (0.8) 3 (2.9)
Trauma 16 (4.3) 12 (11.8)
Tumor 12 (3.2) 11 (10.8)
Primary hydrocephalus 12 (3.2) 12 (11.8)
Infection/Inflammation 2 (0.5) 1 (1.0)
Total 370 (100) 102 (100)

EVD: external ventricle drainage, ICH: intracerebral hemor-
rhage, SAH: subarachnoid hemorrhage, VP shunt: ventriclo-
peritoneal shunt.

sagittal planes, which include the ipsilateral medial
cantus and the ipsilateral tragus, respectively. The
optimal intraventricular endpoint is defined as in
front of the ipsilateral foramen of Monroe, and the
maximum insertion depth of the catheter is 6-7 cm.2?
3.5-mm outer diameter ventricular catheters were
used for EVD except in nine infants, who required
2.5-mm outer diameter catheters. All EVDs were
performed regardless of taking antiplatelet agents.

For the VP shunt procedure, an occipital bone
entry site located at Frazier’s point (6 cm above
the inion and 3 cm lateral to the midline) is used.?
The external landmark toward which the drain is
to be directed is the ipsilateral medial canthus in
both sagittal and axial planes. The target depth of
insertion is approximately 9-11 cm, depending on
patient’s age. The distal portion of the catheter is
attached to a pressure valve which is subsequently
connected to a distal catheter.'? 2.5-mm outer diam-
eter ventricular catheters were used for VP shunt
except in 10 children, who received 2.1-mm outer
diameter ventricular catheters. All patients, who
have required VP shunt, stopped taking antiplatelet
agents at least more than five days preoperatively.

Post-insertion computed tomographic (CT) scans
were obtained within 48 hours for all patients. The
majority of CT scans were obtained within 8 hours
of ventricular catheter placement. Additional post-
insertion CT scans were obtained for all patients
when clinically necessary.

All CT scans were analyzed for any new hemor-
rhage related to the ventricular catheter indepen-
dently by the authors, blinded to clinical outcomes.
We included follow-up CT within two weeks of
ventriculostomy in this analysis, because we have
frequently found new hemorrhages or larger hema-
tomas when CT is conducted later during follow-up.
Ventricular catheter-related hemorrhage is defined
as any evidence of new hemorrhage along the
catheter tract. Ventricular catheter-related hemor-
rhages were classified according by hematoma size
and appearance, as follows: (1) Grade 1: minimal
intraventricular hemorrhage (IVH), punctuate intra-
parenchymal, trace SAHs, hematoma in one cut only,
or a maximum hematoma diameter of < 1 cm by 5
mm slice thickness CT (Fig. 1); (2) Grade 2: hema-
toma in < 3 cuts or a maximum hematoma diameter
of < 3 cm by 5 mm slice thickness CT (Fig. 2);
and (3) Grade 3: massive IVH, hematoma involving
was > 3 cut, or a maximum hematoma diameter of
> 3 cm by 5 mm slice thickness CT (Fig. 3).

Statistical analysis
Statistical analysis was performed with the use
of SPSS software (version 20.0; IBM SPSS, Chicago,
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Ilinois, USA) Chi-square test or Fisher’s exact tests
were used to compare the proportions between two
groups, as appropriate. We performed multivariate
logistic-regression analyses with the enter method
to identify risk factors associated with EVD-related
hemorrhage. All comparisons were made with the
use of a two-sided alpha level of 0.05.

Results

I. Hemorrhage rates after EVD

Hemorrhage following EVD was detected on CT
scans in 76 (20.5%) of the 370 EVD cases. In 28
cases (7.5% of all EVDs), hemorrhages were Grade 1,

Fig. 1 Grade 1 hemorrhages
on axial computed tomog-
raphy scans obtained after
ventriculostomy. A: Punctuate
intraparenchymal hematoma
along the tract of the catheter.
B: Trace subarachnoid hemor-
rhages associated with the
catheter. C: Minimal intraven-
tricular hemorrhage (arrow)
after the ventriculoperitoneal
shunt procedure.

Fig. 2 Grade 2 hemorrhages after external ventricle
drainage (A) and ventriculoperitoneal shunt (B) procedures.
Maximum diameters of catheter-associated hematomas
were less than 3 cm on computed tomography scans.
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in 40 (10.8% of all EVDs) Grade 2, and in 8 (2.2%
of all EVDs) Grade 3 (Table 2). Symptomatic hemor-
rhage, defined as clinically apparent neurological
deterioration directly attributable to ventriculostomy,
occurred in 5 cases (1.4% of all EVDs) and of these,
2 cases required surgical clot removal. Despite
emergent operation, one patient died and the other
was discharged with cognitive impairment due to
a massive EVD-related hemorrhage.

II. Hemorrhage rates after VP shunt

VP shunt-related hemorrhage was observed on
CT scans in 44 (43.1%) of the 102 VP shunt cases.
There were 24 cases (23.5% of all VP shunts) of

Fig. 3 Grade 3 hemorrhages.
A: Massive intraventricular
hemorrhage that developed
after a ventriculoperitoneal
(VP) shunt procedure. B:
Large hematoma with a
mass effect along an external
ventricle drainage tract. C:
Large hematoma around a
VP shunt catheter-associated
with subgaleal hematoma.

Table 2 Hemorrhage rates following two different ventricu-
lostomies

Hemorrhagic EVD (%) VP shunt (%)

Cx (n = 370) (n=10z) P value
Grade 1 28 (7.5) 24 (23.5)

Grade 2 40 (10.8) 17 (16.7)

Grade 3 8 (2.2) 3 (2.9)

Total 76 (20.5) 44 (43.1)  <0.001

Cx: complication, EVD: external ventricle drainage, VP shunt:
ventricloperitoneal shunt.
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Grade 1 hematoma, 17 (16.7% of all VP shunts) of
Grade 2 hematoma and 3 (2.9% of all VP shunts)
of Grade 3 hematoma (Table 2). Symptomatic
hemorrhage occurred in 3 cases (2.9% of all VP
shunts), and manifested as decreased mentality,
headache, or nausea. Symptoms gradually improved
under conservative treatment, and all three were
discharged without neurological deficit. The VP
shunt group was found to have a significant higher
risk of catheter-related hemorrhage than the EVD
group (p < 0.001).

III. Hemorrhage rates according to diagnosis at
admission

Hemorrhage rates according to diagnosis at admis-
sion in both groups are summarized in Figs. 4 and

Hemorrhagic rate of EVD according to
admitting diagnosis

375

EVD-related hemorrhagic rate (%)

Admitting Diagnosis

Fig. 4 Bar graph showing the frequency of EVD-related
hemorrhage with respect to diagnosis at admission. No
significant difference was found for hemorrhage rates
according to diagnosis at admission in the EVD group.
EVD: external ventricle drainage, ICH: intracerebral
hemorrhage, SAH: subarachnoid hemorrhage.

5. No significant difference was found for hemor-
rhage rates according to diagnosis at admission in
both groups.

IV. Risk factors of EVD-related hemorrhage

The data of patients that underwent EVD was
subjected to logistic-regression analysis to identify
risk factors of an EVD-related hemorrhage (Table 3).
Endovascular treatment, anti-platelet medication
including abciximab, and concurrent craniotomy
operation were entered into the model. Multivariate
logistic-regression analysis using the enter method
showed that anti-platelet medication was the only
significant risk factor (odds ratio, 3.583 [95% confi-
dence interval, 1.353 to 9.486]; p = 0.010).

Endovascular treatment was performed immediately

Hemorrhagic rate of VP shunt according to
admitting diagnosis
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Fig. 5 Bar graph showing the frequency of VP shunt-
related hemorrhage by diagnosis at admission. No
significant difference was found for hemorrhage rates
according to diagnosis at admission in VP shunt group.
ICH: intracerebral hemorrhage, SAH: subarachnoid
hemorrhage, VP: ventriculoperitoneal.

Table 3 Multivariate analysis of risk factors associated with EVD-related hemorrhage

) Overall Non-hemorrhage Hemorrhage Multivariate
Variables (n = 370) (n = 294) (n =76) OR (95% CI) p value
EVT 95 71 24 0.664(0.263, 1.675)  0.386
Anti-platelet 57 37 20 3.583(1.353, 9.486) 0.010*
Abciximab 23 19 4 0.451(0.131, 1.549)  0.206
Concurrent op 106 91 15 0.598(0.309, 1.159) 0.128

Values are given as the number of patients. In multivariate model, variables were adjusted with
age and sex. *Statistically significant at p < 0.05. CI: confidence interval, EVD: external ventricular
drainage, EVT: endovascular treatment, op: operation, OR: odds ratio.
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before EVD in 95 cases (25.7% of all EVDs), and a
hemorrhages occurred in 24 cases. No significant
difference in EVD-related hemorrhage rates were
found between endovascular treatment group and
the rest.

Anti-platelet agents were prescribed and/or
administered to selected cases immediately after
endovascular treatment as 100 mg aspirin plus 300
mg clopidogrel. EVD-related hemorrhage occurred
in 35.1% (n = 20) of those patients that received
anti-platelet medication (n = 57). Anti-platelet
medication was a statistically significant risk factor
of EVD-related hemorrhage. Abciximab (ReoPro®; a
potent inhibitor of hemostasis; Centocor [current
name: Janssen Biologics], Leiden, Netherlands)
administration was not found to significantly increase
the risk of EVD-related hemorrhage.

In many cases, EVD were performed during other
craniotomy operations. EVD-related hemorrhage
occurred in 14.2% (n = 15) of those that underwent
concurrent craniotomy (n = 106). However, concur-
rent craniotomy did not significantly increase the
risk of EVD-related hemorrhage.

Discussion

The placements of CSF diversion devices, such
as EVDs and VP shunts, are considered by most
neurosurgeons to be technically straightforward
procedures. However, despite its widespread use,
ventricular catheter placement is still associ-
ated with infection and intracranial hemorrhage.
Although numerous protocols have been proposed
to minimize ventriculostomy-related infections, the
more immediate and higher risk complication of
ventriculostomy, that is, of catheter-related iatrogenic
hemorrhage, has been overlooked or not detected
in previous studies.*® Meyer et al.'” reported a
ventriculostomy-related hemorrhage rate of 1%, but
only included large hematomas requiring surgical
intervention in the analysis and did not include
postoperative CT findings. Wiesmann and Mayer!?
reported an overall bleeding risk after EVD of
9.4%. However, some of the latest issued, based
on analyses of CT findings, indicate much higher
ventriculostomy-related hemorrhage rates than were
previously expected.?!? Maniker et al.?’ reported
an EVD-related hemorrhage rate of 33% (52/160
patients) and emphasized that even a small hemor-
rhage without a significant mass effect or immediate
sequelae, can provide a seizure focus. Gardner
et al.'? reported a new hemorrhage rate of 41%
(77/188 patients) after EVD placement or removal.
In the present study, we included follow-up CT
images taken within 2 weeks of ventriculostomy,
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because we have frequently found new hemor-
rhages or larger hematomas during later follow-up.
The exclusion of follow-up CT would result in an
incomplete study. New hemorrhages detected by
follow-up CT, not visualized just postoperatively,
represent as many as 64.5% of 76 EVD-related
hemorrhages, and 27.3% of 44 VP shunt-related
hemorrhages.

Although these recent reports demonstrated a
higher incidence of EVD-related hemorrhage than
anticipated, they also reported that hemorrhages
were rarely large and almost never required surgical
intervention.?!*-*¥ In the present study, the overall
rates of EVD- and VP shunt-related hemorrhages
were 20.5% and 43.1%, respectively, which was
markedly higher than anticipated, especially in
the VP shunt group. A review of literature showed
ICH may be seen after 0.4% to 4% of VP shunt
operations, and that almost all occurred soon after
operation.’*!¥ Our observations suggest that small
punctuate hematoma is the most common form of
VP shunt-related hemorrhage, and this is easily
missed on CT images because of its size and prox-
imity to the ventricular catheter. Furthermore, we
can suppose that venous congestion and engorge-
ment caused by excessive rotation of the patient’s
head in VP shunt operation might be an important
reason why the rate of VP shunt-related hemorrhage
is higher compared to EVD.

In present series, symptomatic hemorrhage was
rare, and occurred after only 1.4% of all EVDs
and 2.9% of all shunts, which concurs with
previous reports. However, massive frontal hemor-
rhage caused by EVD resulted in mortality and
morbidity in two of our patients. On the other
hand, VP shunt-related large occipital hematomas
induced no neurological deficit. Furthermore, we
observed that large subgaleal hematomas frequently
were associated with Grade 2 or 3 hematomas in
the EVD and VP shunt groups, as seen in Figs.
2B and 3C. We thought that a large amount of
subgaleal hematoma and ventricular collapse after
tube insertion might induce the pressure gradient
across the calvarium, and such a pressure gradient
could make a part of subgaleal hematoma to move
into the intracranial space through a bur hole. For
this reason, it should be emphasized that careful
bleeding control of subcutaneous tissue during the
procedure is mandatory to prevent EVD and VP
shunt-related hemorrhages.

Although Maniker et al.? reported that patients
with cerebrovascular disease had a higher rate
of EVD-related hemorrhage, we found no signifi-
cant association between EVD-related hemorrhage
rates and diagnosis at admission. Furthermore, we
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expected that endovascular treatment, preoperative
anti-platelet medication, and concurrent craniotomy
would increase EVD-related hemorrhage rates, but
only the receipt of preoperative anti-platelet medica-
tion was found to be a significant independent risk
factor of EVD-related hemorrhage. Dual anti-platelet
agents were prescribed to both patients that required
surgical removal in EVD group, which cautions
that when endovascular treatment is increased, the
effects of anti-platelet medication on EVD should
be considered.

Intracranial hemorrhage after ventricular cannula-
tion can result from multiple attempts at ventricular
puncture, puncture of the choroid plexus, or incor-
rect placement of the tube within the brain paren-
chyma.'2% Other mechanisms include a coexistent
bleeding disorder, catheter-induced disseminated
intravascular coagulation, disruption of an intrac-
erebral vessel by the catheter, hemorrhage from an
occult vascular malformation, and head trauma
occurring shortly after catheter placement.'®1?

Because of the retrospective design of this study, no
accurate information was available on the ventricular
size and the presence of seizures. These potential
risk factors of ventricular catheter-related hemorrhage
are best studied prospectively, and thus, we suggest
that a larger-scale prospective study be conducted
to determine the effects of variables.

Conclusion

This article presents the results of a single-center
series on the frequencies of hemorrhagic complica-
tions after EVD or VP shunt procedures and their
associated risk factors. Ventriculostomy-related
hemorrhages occur far more often than has been
generally suspected, though they are usually
small and rarely cause neurological deterioration.
Therefore, these procedures are valuable clinically,
because when performed for specific indications,
their benefits far outweigh their risks. However,
our findings show that decisions regarding preop-
erative anti-platelet medication be taken only after
carefully considering the possibility of hemorrhagic
complications. Further prospective studies are
needed to evaluate the statistical impact of our
observations and to reduce the hemorrhagic rate
of these procedures.
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