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Our study aim is to evaluate the accuracy of freehand external ventricular drain (EVD) placement, with-
out the use of adjuncts to placement, immediately following a large decompressive hemicraniectomy
(DC). We performed a retrospective cohort analysis comparing patients who underwent freehand EVD
placement immediately after a DC, to those who underwent freehand EVD placement without DC.
Computed tomography (CT) studies were used to assess accuracy based on catheter tip location.
Intracranial catheter length, pre- and post-operative Evan’s Index, and midline shift pre- and post-
operatively were analysed as separate variables in each group. A previously described grading system
was used to assess the accuracy of free hand EVD placement. There were a total 110 patients overall;
DC group, n = 50; non-DC group, n = 60. There was a significant reduction from pre-operative midline
shift to post-operative midline shift in the DC group (9.13 vs 6.02 mm; p = 0.0064). There was no signif-
icant difference in accuracy between the two groups (p = 0.8917), and similar rates of Grade 1 – i.e. opti-
mal – catheter tip location (DC = 78% vs non-DC = 81%) were found. All analysed variables comparing both
Grade 1 subgroups (pre- and postoperative Evan’s Index, and midline shift) showed significant differ-
ences between them. Mean catheter length in Grade 1 EVD placement showed a statistically significant
difference between the DC and non-DC groups (63.78 vs 59.96 mm, respectively; p = 0.009). An EVD, after
DC for traumatic and non-traumatic intracranial pathologies, can be accurately placed by freehand.

� 2020 Elsevier Ltd. All rights reserved.
1. Introduction

External ventricular drain (EVD) insertion is one of the most
common procedures in neurosurgery. They are the gold standard
for monitoring intracranial pressure (ICP) and for draining cerebral
spinal fluid (CSF), if needed. There are several adjuncts to EVD
placement used in neurosurgical practice, including neuronaviga-
tion, ultrasound guidance and others.

Large decompressive hemicraniectomy (DC) is a life-saving pro-
cedure in patients with proven or suspected elevated ICP after
traumatic brain injury (TBI), major ischemic stroke, and other
intracranial pathology. DC has been proven to prevent cerebral
herniation in different pathologies [1,2]. Following DC, ICP is often
monitored, to verify lowering of the pressure. When an EVD is used
for monitoring at the completion of DC, it is often placed without
the use of adjuncts, in ‘‘freehand” form.

In the context of brain-shifting space-occupying lesions,
whether traumatic or non-traumatic, the anatomy of the brain
can be significantly distorted, even after DC for treatment of the
brain-shift. Therefore, a freehand EVD carries a significant risk of
inaccuracy.

Several studies have analysed the accuracy of a freehand EVD
insertion [3–8]. However, there is a lack of high-quality data
regarding the freehand insertion of EVDs in patients with intracra-
nial distorted anatomy. In this study, we investigated the accuracy
of freehand EVD placement in patients who have undergone large
DC, compared to those who did not undergo large DC prior to EVD
insertion.
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Fig. 1. Representative illustration of Evan’s index and Modified Evan’s index.
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2. Methods

2.1. Participants and group selection

This is a retrospective analysis of all adult patients who under-
went freehand EVD insertion, between February 2008 and Septem-
ber 2012. The data was retrospectively collected from the
computerized database of the Hadassah Hebrew-University Medi-
cal Centre, a Level 1 Trauma Centre and a tertiary referral centre for
neurosurgical patients in Jerusalem, Israel.

Patients who underwent EVD placement with assistance of neu-
ronavigation, ultrasound or during intraventricular surgery were
removed from analysis.

Patients who underwent freehand EVD insertion were then
divided into two groups: ‘DC group’ and ‘non-DC group’. The DC
group consisted of those who underwent freehand EVD insertion
immediately after a large decompressive hemicraniectomy. The
non-DC group were those patients who underwent freehand EVD
insertion without a large decompressive hemicraniectomy prior
to EVD placement. Of a total of 110 patients who underwent free-
hand EVD placement, fifty patients were in the DC group, while
sixty patients were in the non-DC group.

We included, in both groups, traumatic and non-traumatic
intracranial pathologies. These included traumatic brain injury
(TBI), rupture of intracranial aneurysms, spontaneous intraventric-
ular haemorrhage, intraparenchymal spontaneous haemorrhages
due to rupture of arteriovenous malformations (AVM), treatment
of intracranial infection, and intracranial tumours. The baseline
pathology, hospital course (before and after DC where relevant),
and indication for EVD placement were noted and compared
between the two groups.

Institutional Review Board (IRB# 0300-17-HMO) approval was
obtained prior to the data collection. Informed consent was
waived.
2.2. Outcome variables

The primary outcome of the study was to assess the accuracy of
freehand EVD placement after DC, compared to patients who did
not undergo DC prior to EVD placement. Images from post-
operative computed tomography (CT) scans were used to assess
catheter tip location. We also measured pre- and post-operative
Evan’s index, intracranial catheter length and midline shift (MLS)
pre- and post-operatively.

Intracranial catheter length was measured from the EVD cathe-
ter tip to the inner table of the cranium at the site of the burr hole.

To assess ventricular size, the Evan’s Index was used, which is
the ratio between the maximal width of the bifrontal horns and
the transverse inner diameter of the skull in the same CT level.
For the purpose of this study, in patients after DC, the ratio was
modified to the ratio between the maximal bifrontal ventricular
width and the width from the inner table in one side and the outer-
most limit of the brain on the craniectomy side, due to the absence
of the skull. An Evan’s Index above 0.4–0.5 indicates enlarged ven-
tricles, while a lower Evan’s Index suggests non-hydrocephalic
ventricles. An example of Evans index measurement – before and
after DC – is shown in Figure 1.
2.3. EVD placement grading system

To evaluate the accuracy of EVD placement, a grading system
first described by Karkala et al. [5] was used. Grade 1 represents
optimal placement with the tip in the ipsilateral frontal horn,
including passage to the third ventricle through Foramen of Monro.
They defined grade 2 as functional placement into the contralateral
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lateral ventricle or into non-eloquent cortex. Grade 3 denotes sub-
optimal placement into eloquent cortex, or non-target cere-
brospinal fluid space, with or without functional drainage. The
grading system we used, of EVD tip location, is presented in
Figure 2.
2.4. Procedure

The standard practice in our unit, in keeping with the Brain
Trauma Foundation (BTF) Guidelines, is to perform a contralateral
EVD insertion immediately following a large DC in the operating
theatre. After routine skin preparation and draping, with the head
in a neutral position, a 3 cm skin incision is made over Kocher’s
point (2.5 cm from the midline and 1 cm anterior to the coronal
suture). A burr hole is made at this site using a pneumatic or man-
ual drill. After opening the dura mater, a stylet-loaded ventricular
catheter is introduced in a freehand technique, aiming towards the
ipsilateral medial epicanthus in the coronal plane and just anterior
to the external auditory meatus in the sagittal plane. The desired
target is the ipsilateral anterior horn of the lateral ventricle close
to the Foramen of Monro. The catheter is advanced no further than
7 cm from the brain surface. Free CSF outflow is considered indica-
tive of a successful placement.

The indication for EVD placement in both groups was based on
medical necessity. A CT scan is obtained after EVD insertion to
assess the position of the EVD catheter and observe for post-
procedural complications.
2.5. Statistical analysis

All continuous parameters are reported as the mean ± standard
deviation. Unpaired t test was used to compare continuous data
and v2 test was used to analyse non-continuous data.

Analyses was performed using GraphPad Prism version 7.0a (La
Jolla, CA, USA). p < 0.05 was considered statistically significant.
2.6. Exclusion criteria

Patients under the age of 18 years old were excluded. Patients
who preoperatively had intraparenchymal ICP monitor, and EVD
or a ventricular shunt were not included in our analysis. We also
did not include patients who had an EVD inserted under neuronav-
igation or ultrasound guidance. Finally, patients who underwent a
DC 24 h or more prior to EVD insertion, or who had an EVD placed
on the ipsilateral side to the craniectomy, were also excluded.



Fig. 2. Grading system for catheter tip location (Karkala et al, 2008).

Table 1
DC group and Non-DC group by variables.

DC Group
(n = 50)

Non-DC group
(n = 60)

EVD side placement
Right 24 (48%) 40 (67%)
Left 26 (52%) 20 (33%)
Catheter length 64.06 ± 8.48 mm 60.97 ± 5.99 mm
Evan’s Index
Pre-operative 0.21 ± 0.04 0.30 ± 0.1
Post-operative 0.22 ± 0.05 0.27 ± 0.09
Pre- vs Post- operative Evan’s index p = 0.4971 p = 0.0512
Mean midline shift
Pre-operative 9.13 ± 5.0 mm 2.20 ± 4.0 mm
Post-operative 6.02 ± 6.1 mm 2.13 ± 3.8 mm
Pre- vs Post-operative midline shift p = 0.0064 p = 0.9141
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3. Results

3.1. DC group

Fifty patients underwent freehand placement of an EVD after a
DC. Of the 50 patients, 35 patients (70%) were due to trauma, 9
(18%) to a major stroke, and 6 (12%) underwent the decompressive
surgery due to rupture of an intracranial aneurysm.
3.2. Non-DC group

Sixty patients underwent freehand EVD placement without pre-
vious DC. Of these, 15 patients (25%) were due to primary hydro-
cephalus, 15 (25%) to trauma, 11 (18.3%) were associated with a
ruptured intracranial aneurysm, 6 patients (10%) were from spon-
taneous intraventricular bleeding, 4 (6.7%) were for subsequent
craniotomy for tumour resection, 4 (6.7%) were after intra-
parenchymal spontaneous bleeding due to a ruptured AVM, 3
(5%) were for treatment of an intracranial infection, 1 (1.7%) was
for an intraventricular drug-infusion, and in one case (1.7%) the
EVD was placed due to intraparenchymal bleeding after a tumour
resection.

Variables and comparison inside each group are shown in
Table 1.
Table 2
Comparison of the DC group and the non-DC group by demographics and broad
variables.

DC Group Non-DC Group p value

Patient Factors
Age 49.12 ± 20 47.45 ± 20 0.6070
Gender
Male

Female
37 (74%)
13 (26%)

34 (57%)
26 (43%)

0.0585

Catheter length (mm) 64.06 ± 8.48 60.97 ± 5.99 0.0276
3.3. Comparison between the two groups

3.3.1. Baseline parameters
Mean age was 49.12 ± 20 in the DC group and 47.45 ± 20 in the

non-DC group, p = 0.6070. 74% of the patients were male in the DC
group, and 57% were males in the non-DC group, p = 0.0585.

Preoperative Evan’s index was 0.22 in the DC group, and 0.30 in
the non-DC group. The degree of MLS was, as expected, different
between both groups. MLS was 9.13 ± 0.77 in the DC group and
1.68 ± 0.63 in the non-DC group, p < 0.0001.
EVD Grade
1 39 (78.0%) 49 (81.7%)
2 6 (12.0%) 6 (10.0%) 0.8917
3 5 (10.0%) 5 (8.3%)
Grade 1 EVD placement n = 39 n = 49
Catheter length (mm) 63.78 ± 0.94 59.96 ± 0.54 0.009
Evan’s Index pre-op 0.22 ± 0.00 0.30 ± 0.01 <0.0001
Evan’s Index post-op 0.22 ± 0.00 0.26 ± 0.01 0.0172
Midline shift pre-op (mm) 9.13 ± 0.77 1.68 ± 0.63 <0.0001
Midline shift post-op (mm) 5.72 ± 0.92 1.90 ± 0.66 0.0014
Grade 2 EVD placement n = 6 n = 6
Catheter length (mm) 61.05 ± 1.93 61.93 ± 1.2 0.7135
Evan’s Index pre-op 0.24 ± 0.01 0.32 ± 0.02 0.0755
Evan’s Index post-op 0.23 ± 0.01 0.30 ± 0.01 0.053
Midline shift pre-op (mm) 5.46 ± 1.36 2.87 ± 1.03 0.1866
Midline shift post-op (mm) 2.34 ± 0.67 1.93 ± 0.93 0.7870
Grade 3 EVD placement n = 5 n = 5
Catheter length (mm) 69.94 ± 9.63 64.15 ± 5.41 0.5856
Evan’s Index pre-op 0.16 ± 0.01 0.27 ± 0.04 0.0759
Evan’s Index post-op 0.18 ± 0.02 0.24 ± 0.04 0.2217
Midline shift pre-op (mm) 13.49 ± 2.22 3.42 ± 1.69 0.0043
Midline shift post-op (mm) 12.75 ± 3.34 3.75 ± 1.17 0.0158
3.3.2. EVD and imaging outcomes in both groups
Grade 1 EVD placement was achieved in 78% of the patients in

the DC group, and 81.7% in the non-DC group. Grade 2 placement
was found in 12% and 10%, respectively and grade 3 was docu-
mented in 10.0% and 8.3%, respectively. These differences were
not significant, p = 0.8917.

However, there was a significant difference in the catheter
length between the DC group and non-DC group – 64.06 and
60.97 mm, respectively; p = 0.0276.

We continued to compare post-op parameters between patients
in different placement grades. In patients who had Grade 1 EVD
placement, there was a significant difference in catheter length
between the DC and non-DC group (63.78 and 59.96 mm respec-
tively; p = 0.009); There were also significant differences between
the DC group and the non-DC group in post-operative Evan’s Index
(0.22 and 0.26, respectively; p = 0.0172) and in postoperative MLS
(5.72 and 1.90 mm, respectively; p = 0.0014).
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For Grade 2 EVD placement, possibly due to the small numbers,
there were no significant differences in various parameters: cathe-
ter length was similar in the DC and non-DC group (61.05 and
61.93 mm, respectively; p = 0.7135). There were also no significant
differences in pre-operative Evan’s Index (0.24 and 0.32, respec-
tively; p = 0.0755), pre-operative MLS (5.46 and 2.87 mm, respec-
tively; p = 0.1866), post-operative Evan’s Index (0.23 and 0.30,
respectively; p = 0.053) and post-operative MLS (2.34 and
1.93 mm, respectively; p = 0.7870).

In Grade 3 EVD placements we found a significant difference
between the DC and non-DC group for two parameters: pre-
operative MLS (13.49 and 3.42 mm, respectively; p = 0.0043),
and post-operative MLS (12.75 and 3.75 mm, respectively;
p = 0.0158). However, there was no difference between the DC
and non-DC groups for pre-operative Evan’s Index (0.16 and 0.27,
respectively; p = 0.0759); post-operative Evan’s Index (0.18 and
0.24, respectively; p = 0.2217), and catheter length (69.94 and
64.15 mm, respectively; p = 0.5122)

Table 2 outlines the results between the two groups subdivided
according to the EVD tip location grade.
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4. Discussion

Several studies have analysed the safety and accuracy of EVD
placement [5,7], ventricular catheters for ventricular-peritoneal
shunts and Ommaya reservoirs [6,8]. However, none of these stud-
ies evaluated accuracy of EVD placement in patients who under-
went a DC, where intracranial anatomy is severely distorted. The
correct technique for EVD placement following DC is a day-to-
day dilemma for the practicing neurosurgeon. The presumed dis-
torted anatomy raises concern for misplacement with freehand
technique, yet postoperative imaging and return to theatre for
navigation-assisted EVD placement is labour-intensive and time-
consuming. We believe the data presented here sheds light on
some of the questions related to this dilemma.

First, the presumed distortion is well demonstrated by our pre-
operative differences in MLS between the DC and non-DC groups.

The first rudimentary EVD was documented by Claude-Nicolas
Le Cat (1700–1768) in October 1744 [9]. Since this time, there have
been several advances on EVD placement [10–12]. Decompressive
craniectomies have been historically considered a ‘‘rescue proce-
dure” [13]. Several recent retrospective studies have shown that
a significant percentage of patients experienced favourable out-
comes after a decompressive craniectomy [14–18]. Jiang et al.
[19] demonstrated in a large prospective randomized trial, that
patients who underwent a ‘limited’ craniectomy had a higher per-
centage of poor functional outcomes compared to those who
underwent a large DC. More recently, Rescue-ICP study [2] showed
that patients after a DC had a more favourable mortality rate and
functional outcome at 6, 12 and 18 months at follow up, when
compared with those who received ‘‘maximal medical manage-
ment” only, including barbiturate induced coma. Moreover, when
correctly indicated, a DC can be a life-saving procedure in patients
with intractable elevated ICP, in which placement of an EVD would
be an urgent and useful tool.

Furthermore, our results demonstrate that patients in the DC
group had some restoration of the anatomical distortion post-
operatively, as demonstrated by the improvement of MLS
(9.13 mm preoperatively vs 6.02 mm postoperatively;
p = 0.0064). Although some restoration of the normal anatomy is
reached, the MLS is not completely resolved, and a mean 6 mm
MLS was documented postoperatively. This partial anatomical
restoration may possibly increase the chance of successful free-
hand EVD placement.

Our study also demonstrated no significant difference in EVD
tip location between the two groups (p = 0.8917). Grade 1 place-
ment rates were similar between the DC and non-DC groups
(78% vs 81%, respectively). When taking into consideration the
variables (pre- and post-operative Evan’s Index, and pre- and
post-operative midline shift), our data showed a statistically signif-
icant difference between Grade 1 subgroups for DC and non-DC
groups. These results suggest that despite the midline shift and
the relatively smaller ventricles, freehand EVD placement after a
DC is safe and reliable, and may be achieved adequately.

Lastly, catheter length in Grade 1 EVD placement showed a sig-
nificant difference between the DC and non-DC groups (63.78 vs
59.96 mm, respectively; p = 0.009). This may indicate that due to
the residual anatomy distortion in patients after a DC, a slightly
deeper insertion of the catheter may be needed in order to achieve
optimal EVD placement. However, further research with larger
samples may be necessary to corroborate this theory.

The neurosurgical community is still continuing to investigate
ways to improve the accuracy of EVD insertion with
several advanced technological methods. Multiple studies have
described new technologies with optimistic results [3,8,19–21],
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including one study using smart phone guidance [22]. Achieving
useful imaging in patients immediately after a DC remains extre-
mely challenging. This may be due to pre-operative imaging not
reflecting the true anatomy after a DC. Therefore, repeat imaging
should be required after a DC and before EVD insertion for new
navigation reference, which puts patients at additional risk as it
requires transfer to radiology and substantially increased opera-
tion time.

In conclusion, we believe that freehand EVD placement is a reli-
able and accurate in patients who have undergone DC and in those
who have not. Both MLS and small ventricles, both found com-
monly in the emergent neurosurgical practice, do not affect the
accuracy of freehand EVD placement.
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