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Abstract

Objective: External ventricular drain (EVD) placement is duently required in
neurosurgical patients to divert CSF and monittrasranial pressure. The usual practise is
the tunnelled EVD technique performed in operatimgatres. EVD insertion through a bolt
in intensive care is also described. We employ lpptttices in our institute. Herein, we
compare the indications, accuracy, safety and afste two techniques.

Methods. Retrospective cohort study of a prospectively naangd EVD data-base of all
patients undergoing first frontal EVD placementviegn Jan 2010-Dec 2015. Those with
preceding CSF infection were excluded. We compdrelt EVD with tunnelled EVD
techniques in terms of accuracy of EVD tip locatipnanalysing CT scans to grade catheter
tip location as optimal (ipsilateral frontal horo) otherwise suboptimal, and complications
that include infection and revision rates.

Results: 579 eligible patients aged 3 months to 84 yean® wientified. 430 had tunnelled
EVDs and 149 bolt EVDs. The most frequent diagnass intracranial haemorrhage (73%
bolt vs 50.4% tunnelled group (p<0.001)). Othergdises included tumour (4.7% bolt vs
19.1% tunnelled (p<0.001)), traumatic brain injyty.5% bolt vs 17.4% tunnelled). In the
bolt EVD group 66.4% of EVD tips were optimal, coan@d to 61.0% in the tunnelled group
(p=0.33). Infection was confirmed in 15 (10.0%) tb&VDs compared to 61 (14.2%)
tunnelled EVDs (p=0.2). Each bolt EVD kit costs 82&hile placing a tunnelled one in
theatre costs £1316.

Conclusions: Bedside bolt EVD placement is safe, accurate asd effective in selective

patients with haemorrhage related hydrocephalus.
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I ntroduction:

External ventricular drain (EVD) placement is freqtly required in neurosurgical patients to
alleviate symptoms associated with hydrocephatusydnitor and manage raised intracranial
pressure and to deliver intrathecal medicatidriThe standard practice in the United
Kingdom is the tunnelled EVD technique performedtire operating theatreThis is
performed by drilling a burr hole, passing a cathehto the lateral ventricle, and then
tunnelling the catheter under the skin before bniggit out and into a collection bag.
However, EVD insertion through a bolt at the bedsml intensive care and the emergency
department is also descrilfedA hole is made in the skull with a twist drilléua hollow bolt
screwed into place providing access for a venticoatheter to pass through.

Studies in the last few years from a number of peam and American institutes have
investigated safety, accuracy and infection ratedait EVD placement*® as well as
tunnelled EVD in intensive care unftsHowever, bolt EVD technique outside operating
theatres is not common practice in the UK. In @neé®JK national study of 495 EVDs, while
98.6% of EVDs were placed in theatres, our neugesyrinstitute was the only one reporting
bolt EVD insertion in intensive care unit among thi centres participated in this studly.
We therefore set out to compare the safety, acgupmacticality and costs of inserting bolt
EVD versus the standard tunnelled technique insy bertiary neurosurgery centre.

Methods

This retrospective cohort study of our prospecyivehintained EVD database is registered as
an audit with institutional approval. Patients thad an EVD inserted betweeft January
2010 and 3% December 2015 were identified from our EVD databa@ase ascertainment
was further confirmed via a search through our tadefpartment coding system for EVDs. A

retrospective case note review was performed |lgpkhrough each patient’s paper and



electronic records. Data was collected on the patiemographics, the procedural details
including the location and length of the proceddihe, grade of the surgeon, the number of
catheter passes, details of any CSF microbiologyses taken and their culture results. Our
local imaging system was used to review each patipost EVD insertion CT or MRI scan
to identify the EVD tip position which was classedi into ipsilateral frontal horn,
contralateral frontal horn, ipsilateral body, thivéntricle, basal cisterns or in the brain
parenchyma. EVD catheter tip position was consitlengtimal if in the ipsilateral frontal
horn as described previouslyn the patients that had more than one EVD plateihg their
admission only the first EVD placement was includtethe data analysis. Patients who had
no post EVD insertion CT or MRI scan and those witigipital EVDs were excluded from
the analysis. Patients with evidence of a prece@i8§ infection and those placed at the time
of craniotomy for management of their underlyinghaition, for example an EVD placed
during clipping of an aneurysm for a subarachn@idrhorrhage or insertion of an EVD at the
time of cranioplasty were also excluded.

Data of the catheter tip position is available 1@7 bolt EVDs and 269 tunnelled EVDs.
Some of the tunnelled EVDs were inserted under engigdance (IGS) versus none in the
bolt EVDs group. Therefore, we additionally perfesna subgroup analysis of the data
excluding the tunnelled EVDs that were placed WiB5 leaving 184 tunnelled EVDs
compared to 107 bolt EVDs. To determine the acgudcthe EVD tip position the post
procedure CT/MRI scans of the brain were reviewedhie last author who was blinded to
radiology reports and outcomes using the HospitBC'BRA system (Sectra Imaging IT
Solutions AB, Sweden) and EVD tip position was deurthecked against the independent
Neuroradiology report.

Tunneled EVD insertion technique



In our institute EVD insertion procedures are perfed in the operating theatre using
standard tunnelled EVD catheters, predominantlyesiimpregnated catheters (Silverline,
Spiegelberg) but some antibiotic impregnated aathgilicone catheters were also included
in the study upon the discretion of the surgeon. Migally studied EVD tip position
accuracy for tunnelled EVDs in comparison with B&#Ds. However, image guidance (IGS)
is used when inserting selected tunnelled EVDshgatres when feasible particularly in
patients with small ventriclésput not for bolt EVDs. Therefore, to minimise hiage
subsequently analysed EVD tip position excluding lBserted EVDs as none of the bolt
EVDs were inserted with image guidance due to mamgatible equipment. This allows
comparing free hand insertion techniques only fothbgroups. The standard surgical
procedure includes routine skin preparation angidga with the head in a neutral position, a
3-cm skin incision is made over the Kocher poinb(@m from midline and 1 cm anterior to
the coronal suture) or frontally 10 cm above thpratorbital ridge (mid-pupillary line) and
2.5 cm from the midline. A burr hole is fashionesing a Stryker disposable perforator (14
mm) (Stryker, Miami, Florida), After opening therduhe stylet-loaded ventricular catheter
is introduced perpendicular to the skull aimed hag ipsilateral medial epicanthus in the
coronal plane and just anterior to the externaltangdmeatus in the sagittal plane. The target
is the ipsilateral anterior horn of the lateral e close to the foramen of Monro with
maximum length of intracranial EVD catheter of 6 from the cortical surface. Free flow of
CSF confirms successful placement. The distal ehdhe ventricular catheter is then
tunnelled subcutaneously and the skin closed vig¢hciatheter secured to the skin using the
flange and silk sutures to avoid postoperative temtional pull-out. The distal end of the
catheter is then attached to a closed externahalyai and monitoring system (Integra, USA).
Figure 1 shows how the tunnelled EVD appears ostbeat image of a CT head.

Bolt EVD Insertion Technique



We are able to insert bolt EVD’s (Camino bolt-EVR @ntegra, USA)) in the emergency
department and on the neuro and general intenaireeunits. The decision whether to place a
bolt EVD on intensive care is based on surgeorepeete and is generally limited to patients
with larger ventricles, those needing more urge®FCdiversion, and in patients with
haemodynamic instability making transfer to the rapag theatre more difficult. With
regards to the procedure itself the patient pasiaad the anatomical landmarks used are
identical to the tunnelled technique. The diffelenbeing a shorter incision and the burr hole
fashioned with a hand held twist drill. As with adl/asive procedures, meticulous sterile skin
preparation and draping are employed, and masksngi@and sterile gloves are used as
standard. After successful EVD placement the ®lsdrewed tightly to the skull and if
necessary the incision is sutured either sideebthlt and the bolt is wrapped with a betadine
soaked swab. The connection system is identictdedunnelled technique with the addition
of an extra lead for ICP monitoring from the boW[E system. Figure 2 shows how a bolt
EVD appears on a scout image for a CT head.

Statistical analysis

Statistical analysis was performed using Chi-sqaack Student’s t test when comparing bolt
EVD data with tunnelled EVDs as specified in theléa using GraphPad Prism (Graph-

Pad Software, Inc.) as appropriate and detailedsualts. Significance was set at p < 0.05.
Results

Patient Demographics

A total of 674 patients with 690 EVDs underwenstffiEVD insertion procedures between
January 2010 and December 2015. After excludingahaith occipital EVDs, a second (re-
inserted) EVD, patients with preceding CSF infactand EVD placement at the time of
craniotomy a total of 579 EVDs remained. Out of §1®, 430 (74%) had tunnelled EVDs

and 149 (26%) were bolt EVDs. The age range was 8anonths to 84 years with a mean



age of 45.6x1.1 years in the tunnelled group and84362 years in the bolt EVD group. After
exclusions (patients with no post-operative scans)were left with 107 bolt EVDs versus
269 tunnelled EVDs.

Indication for EVD

The indications for EVD insertion are listed in Tab.

EVD tip position

Firstly, we analysed the EVDs tip position accurémyall included EVDs. In the bolt EVD
group 66.4% of EVD tips were in an optimal positicompared to 61.0% in the tunnelled
group (p=0.33, Chi square 0.95) Table 2. After editlg the tunnelled EVDs inserted with
IGS, the bolt EVDs group the catheter tip accunasylts remained the same (66.4%), while
in the tunnelled group 114 (61.9%) out of 184 cethéip position were optimal with no
significant difference between the two groups(p80.€hi square 0.56). Since the most
common pathology was SAH/ICH/IVH we further analydke EVD tip accuracy according
to this pathology. There were 79 cases in theBdD group versus 97 in the tunnelled EVD
group. 55 (69.6%) were graded as having EVD optitipaposition (ipsilateral frontal horn)
in the bolt EVDs group versus 72 (74.2%) with ngngficant difference between groups
(p=0.5 and Chi square 0.5).

Data was also collected on the number of passesreegfor successful EVD placement and
the grade of the surgeon performing the procedtoe.bolt EVDs, in 85.2% of cases the
number of catheter insertion attempts data wadadlaiin comparison to only 27% in the
tunnelled group (p<0.001). We have analysed thdadla data which revealed significantly
higher percentage of first successful passes ofENMP catheters in the bolt EVD group
(50.3%) when compared to 23.2% in the tunnelledigr@<0.001, Chi square 38.5) Table 3.
We classified the grade of the surgeon accordinthed experience as those neurosurgical

trainees with 1-3 years of experience in neurosyr{feéT1-3), neurosurgical trainees with 4-



8 years of experience in neurosurgery (ST4-8), emasultants. Some bolt EVDs were
inserted by senior neuro intensive care technicid@€% of bolt EVDs and 32.5% of the
tunnelled EVDs were inserted by ST1-3 trainees @80, Chi square 12.9) Table 4. ST4-8
trainees inserted 51.4% of the tunnelled EVDs v2%2of the bolt EVDs, p<0.001, Chi
square 16.4). Consultants placed 14% of the tueth&lDs compared to only 2% of the bolt
EVDs (p<0.001, Chi square 16.3).

We further analysed the optimal EVD tip positiort@aling to operator and the results are
presented in table 5. In summary there was nordiffee in the percentage of optimally
placed EVDs when comparing equivalent level ofnirag for both procedures. There were
more tunnelled EVDs placed by consultants. Neutensive care technicians inserted only
bolt EVDs.

Complications

CSF was sampled from 416 tunnelled EVDs and 138hefbolt EVDs. Infection was
confirmed with positive culture results in 15 (10&6)bolt EVDs compared to 61 (14.2%) of
tunnelled EVDs (p=0.26, Chi square is 1.2). Theesw rise in white cell counts in CSF
samples from one bolt EVD and 9 tunnelled EVDs withpositive cultures. We examined
how long the EVD remained in situ. Data is avagalolr 370 tunnelled EVDs versus 132 bolt
EVDs. The average period tunnelled EVDs were mwis 8.1 + 0.35 days versgi$ + 0.62
days for bolt EVDs (p=0.6, students’ t test). Thenters of EVD catheters that required
replacement, for causes other than infection, enliblt EVD group was 5 (3.4%) and 13
(3%) in the tunnelled EVD group (p=0.84, Chi squiar®.04). The reasons for replacement
included catheter blockage, failure to drain CS& BNWDs falling out/being pulled out. The
numbers are too small to subgroup and perform agnmgful statistical analysis.

Cost



The costs were estimated using NHS costings in hmspital at the time of the data
collection. For the bolt EVD inserted in neuro engral intensive care units the total cost for
placement is £260 (1 British pound is approximateB® USA dollar) excluding the cost of
the operating surgeon while the average cost ofimjaa tunnelled EVD in theatre is
estimated as £1316. The bolt EVD kit includes tbk Wwith an EVD plain catheter, hand held
drill (see picture Figure 3), an anaesthetic patk wauze, a blade, syringes and the EVD
drainage set £1316 includes the cost of the kitl isea tunnelled EVD and the cost of the
operating theatre occupancy. The theatre occupamey was recorded from theatre books
and electronic records. The time recorded was ftlwertime the patient was transferred from
the anaesthetic room into the operating theatré¢hé time the procedure ended which
excluded any anaesthetic and patient recovery tirhe. mean theatre occupancy time for
placing an EVD was 61 £ 7.5 minutes. The averagd 00 theatre occupancy is £18 per
minute, the silver line catheter is £153 and thardrge kit costs £83 totalling £1316. These
costs exclude the cost of any additional arrangésnesguired to transfer the patients from
neuro intensive care to theatres and vice versa.

Discussion

In the current study, we demonstrate that extevaatricular drain insertion through bolt at
the bedside is safe procedure when compared tostdredard tunnelled EVD insertion
technique in theatres. These results are in agmemigh the practise of other European
institutes’.?

We employ both practices of EVD insertion dependinga number of factors including the
time critical nature of the situation, theatre $afaility and the size of the ventricles. EVD
placement is often considered as a simple procetksgite its inherent risks of haemorrhage,
infection and misplacement. Traditionally anatorhwarface landmarks have been used to

guide placement of a freehand EVD into the ipsildtérontal horn but the use of image



guidance to improve accuracy of placement and edeoperation rates due to suboptimal
placement has become commonptaéeeehand placement is still used for bolt EVD®@s
equipment did not allow for navigation of bolt EVDsring the audit period studied.

One disadvantage of the bolt EVD is that the ttajgcof the EVD catheter is determined by
the location and direction of the burr hole andefae if the ventricle is not punctured in the
first pass it is unlikely to be successful on tleenaining passes unless the burr hole and
therefore trajectory is changed. The number of Edédiheter passes from first attempt is
significantly higher in bolt EVDs. This may be r&d to the small burr hole that initially
placed and inability to change the catheter trajgcbnce in place which results in just one
attempt policy. There are a handful of bolt EVDsha whole series that required conversion
to tunnelled EVDs in theatre for this reason.

In order to scrutinise the EVD tip accuracy datafwéher analysed the tip position accuracy
by comparing haemorrhage related pathology as aterlying cause of hydrocephalus
requiring an EVD with no significant difference. dde results further confirm that both
procedures are similar in EVD tip position accutaliyere is no significant difference in the
EVDs tip position accuracy according to the tragnievel of the surgeon.

Complications following inserting EVDs are well kmo and include CSF
infection/ventriculitis, brain haemorrhage, cathetgalposition, blockage and fall out that
require replacemenit-? Our infection rates are comparable with otherissitf-* Factors that
may be considered when studying infections post BEWE2rtion include the type of the
ventricular catheters used, prophylactic antibiatttninistration, and theatre air flow. The
tunnelled EVDs placed were mainly silver line cé¢he which have been reported to reduce
CSF infection’. Bolt EVD catheters were only available in plaiitene during the period of
this study. Our local protocol is to give cefuroxirh.5 grams or vancomycin with gentamicin

for penicillin allergic patients at the time of a&sshetic induction but this only occurs when
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there is an anaesthetist present in the operdteatres and therefore only tunnelled EVDs
placed in theatre routinely received prophylactidikaotics. In addition, the operating
theatres are designed with laminar air flow vehtla systems that have been proven to
reduce bacterial and particulate contamination iof-*aDespite these factors potentially
biasing the tunnelled group towards better outcoitinesinfection rates were similar with the
two techniques.

In the UK, EVDs are usually inserted in theatresdl ame tunnelled hence we used “the
standard care” in our paper. This reflects the commractise and does not imply specific
body or ethical guidelines. In fact, other Europaaits may insert bolt EVDs in theatres and
not at bedsidé** The majority of EVDs in Europe are placed in thestr? The literature is
scarce of studies detailing tunnelled EVD placenmuside the operating room settings.
Bedside EVDs may will be standard in the USA and pathem may will be tunnelletithe
literature is lacking of studies describing codeetiveness of tunnelled EVDs inserted at
bedside. Certainly we do not place tunnelled EVDbeiside in our neurosurgery institute
and, to our knowledge, no other institutes in the db. To our knowledge, no published
studies comparing tunnelled EVD insertion with @&¥D placement at bedside.

Our study also highlights important practical amdremic factors when placing bolt EVD.
We show that bolt EVDs are associated with lowestsdor similar outcomes. We estimate
the cost savings from use of the tunnelled EVDsnduthe study period was of the order of
£200,000. Furthermore, usually EVDs are placednrergency settings rather than on an
elective basis and therefore in addition to the sasings there are substantial improvements
to patient experience by avoiding cancellation dfieo operations to make way for
emergency EVD placement. In addition, tracing icrtaaial pressure (ICP) using the bolt
EVD probe is possible at no additional costs. Tikismportant mainly in traumatic brain

injury patients where ICP monitoring is an essépiat of the treatment.

11



Limitations

These results come with the limitations of a reiemsive study. There were more
haemorrhage related cases in the bolt EVDs grobjs fhay result in bias when analysing
the EVD catheter tip position as ventricles likébybe large. We have attempted to correct
for selection bias by comparing haemorrhage relatddEVDs with tunnelled EVDs due to
haemorrhage and there was no significant differem&&/D catheter tip position accuracy or
revision rates.

Missing data also limited some analyses. For examsipice the theatre time was not available
for all cases included, we noted variability indtre occupancies, which may be related to
the operator and other factors that are beyondstiope of this paper. Although the time
estimated to place a bolt EVD is much less thahdmalhour, unfortunately we do not have
any accurate recordings as these procedures wedogrped on intensive care units and not in
theatres. Due to the missing data, we followedlocal protocol which is inserting silver line
catheter in all tunnelled EVDs in theatres whicloun interpretation.

Conclusion

This consecutive series from a busy tertiary nawgisal unit showed no difference in the
safety or accuracy in EVD placement via a bolt wnelled techniques. The selection of
technique was not entirely random and subject @s.bit is therefore not possible to
generalise across all EVD cases. It would appedbetanost applicable to haemorrhage
related hydrocephalus and patients with larger nades. Further data in patients with
traumatic brain haemorrhage and smaller ventrickesl using navigated bolt EVD’s are
necessary to draw conclusions for the whole pojauiatf patients requiring EVD placement.
Overall, our results demonstrate that insertiorbat EVDs outside the operating room is
safe, accurate, and practical. The role of bolt EV®more pronounced in the acute setting

when placement is time critical, in patients widinge ventricles, or when patient instability
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make transfer to theatre undesirable. It is mos# effective than tunnelled EVD placement

in theatre and should be considered in selectedmat
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Figure/tables legends

Figure 1: lllustrative scout CT head of a patieithviunnelled EVD. Arrow demonstrates the
intracranial part of the EVD catheter.

Figure 2: lllustrative scout CT head of a patiefthvbolt EVD. Arrow demonstrates part of
the extracranial EVD catheter.

Figure 3: The bolt EVD Kit.

Table 1: Underlying pathology of the bolt EVD anohielled EVD groups. TBI: traumatic
brain injury. SAH: subarachnoid haemorrhage. ICHtracerebral haemorrhage. IVH:
intraventricular haemorrhage.

Table 2: EVDs tip position for the unmatched tufeehersus bolt EVD groups.

Table 3: The number of EVDs catheter passes imiitehed groups.

Table 4: Level of surgeon performed the proceduitbé two groups.

Table 5: EVD catheter tip position accuracy acaugdop the level of surgeon performed the

procedure.
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Table 1. Underlying pathology for Bolt-EVD vs Tunnelled-EVD groups

Bolt-EVDs Tunnelled-EVDs P value Chi-square
Pathology Number % Number %
SAH/ICH/IVH 109 73 217 50.4 ***<0.001 23.2
Tumour 7 4.7 82 19.1 ***<0.001 17.6
TBI 26 17.5 75 17.4 0.99 0
Shunt 0 0 16 3.7 n/a
malfunction
Ischaemic 2 1.3 11 2.6 0.39 0.75
stroke
Other 5 3.4 29 6.8 0.13 2.3




Table 2. Accuracy of EVD tip position for both Bolt and Tunnelled EVD groups

Bolt-EVDs Tunnelled-EVDs P value Chi-square

Location Number % Number %

Optimal | Ipsilateral frontal 71 66.3 164 61 0.33 0.95
horn
Ipsilateral body of 12 11.2 40 14.9

_ ventricle

E Third ventricle 10 9.4 26 9.7

'*§. Contralateral 8 7.5 22 8.2

2 frontal horn

<2 Basal cisterns 0 0 2 0.7
Parenchyma 6 5.6 15 5.5
Total 107 100 269 100




Table 3. Comparison of the number of EVD catheter passes between the

two groups
Number of Bolt EVDs Tunnelled Pvalue | Chi Square
Passes (%) EVDs (%)
1 75(50.3) 100 (23.2%) | ***<0.001 38.5
2 37 (24.8) 12 (2.8) ***<0.001 69.4
3 12 (8.1) 1(0.2) ***<0.001 30.8
4 2(1.3) 1(0.2) 0.1 2.6
5 0 1(0.2) n‘a n/a
>6 1(0.7) 2(0.4) 0.1 2.6
Unknown 22 (14.8) 313(73) ***<0.001 152.8




Table4. Leve of surgeon performed the procedure

Level of the surgeon Bolt EVDs (%) Tunnelled (%) Pvalue | Chi Square
ST1-3 73 (49%) 140 (32.5) **%<0,001 12.9
ST4-8 48 (32.2%) 221 (51.4%) **%<0.001 16.4
Consultant 3 (2%) 60 (14%) ***<0.001 16.3
Neuro technicians 12 (8.1%) 0 n/a n/a
Unknown 13 (8.7%) 9 (2.1%)




Table5. Optimal EVD tip position by operator

L evel of the surgeon Bolt EVDs (%) Tunnéelled (%) Pvalue | Chi Square
ST1-3 33 (46.5) 69 (42) 0.53 04
ST4-8 28 (39.4) 76 (46.3) 0.33 0.96
Consultant 1(1.4) 15(9.1) *0.03 4.7
Neuro technicians 6 (8.5) 0 n‘a n/a
Unknown 3(4.2 4(2.4)
Tota 71(100) 164













Abbreviation:

External ventricular drain: EVD
Cerebral spinal fluid: CSF
Computed tomography: CT
Magnetic resonance imaging: MRI
Image guidance: IGS

Intracrania pressure: ICP
Subarachnoid haemorrhage: SAH
Intracerebral haemorrhage: ICH

Intraventricular haemorrhage: IVH



