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ExtErnal ventriculostomy is one of the most com-
monly performed neurosurgical procedures global-
ly.1,2 The procedure is generally conducted by neu-

rosurgery residents, although senior neurosurgeons, neu-
rointensivists, physician assistants, and nurse practitioners 
perform the procedure in some clinical settings.3–5 While 
it is possible to insert external ventricular drains (EVDs) 

within a sterile field in a neurocritical care or emergency 
department environment, insertion is generally performed 
in the operating room.3 Ideally, the catheter tip should sit 
in a free-floating position in the CSF in the ipsilateral an-
terior horn of the lateral ventricle with its tip close to the 
foramen of Monro, equidistant from the ventricular walls 
and not in the vicinity of the choroid plexus.6,7
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OBJECTIVE Freehand external ventricular drain (EVD) insertion is associated with a high rate of catheter misplace-
ment. Image-guided EVD placement with neuronavigation or ultrasound has been proposed as a safer, more accurate 
alternative with potential to facilitate proper placement and reduce catheter malfunction risk. This study aimed to deter-
mine the impact of image-guided EVD placement on catheter tip position and drain functionality.
METHODS This study is a secondary analysis of a data set from a prospective, multicenter study. Data were collated 
for EVD placements undertaken in the United Kingdom and Ireland from November 2014 to April 2015. In total, 21 large 
tertiary care academic medical centers were included.
RESULTS Over the study period, 632 EVDs were inserted and 65.9% had tips lying free-floating in the CSF. Only 
19.6% of insertions took place under image guidance. The use of image guidance did not significantly improve the posi-
tion of the catheter tip on postoperative imaging, even when stratified by ventricular size. There was also no association 
between navigation use and drain blockage.
CONCLUSIONS Image-guided EVD placement was not associated with an increased likelihood of achieving optimal 
catheter position or with a lower rate of catheter blockage. Educational efforts should aim to enhance surgeons’ ability to 
apply the technique correctly in cases of disturbed cerebral anatomy or small ventricles to reduce procedural risks and 
facilitate effective catheter positioning.
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Despite the frequency with which the procedure is 
performed, there continues to be wide variation in EVD 
insertion and management practices. Although simula-
tion programs, including devices such as the Ghajar guide 
and smartphone apps with augmented-reality capabilities, 
have been developed to train practitioners and facilitate 
correct placement, the freehand, unguided insertion tech-
nique using fixed anatomical landmarks is dominant.8–20 
Even with these fixed superficial anatomical landmarks, 
freehand placement trajectories are not standardized and 
variations in patient anatomy and ventricular morphology 
affect the accuracy of EVD placement, either impacting 
drain functionality or causing complications.14,21,22 Al-
though the definition of catheter placement accuracy var-
ies across studies, location of the catheter tip ipsilateral 
to the insertion site within the frontal horn of the lateral 
ventricle or tip of the third ventricle is commonly applied. 
EVD insertion accuracy has been reported to be in the 
range of 7%–45%, and placement of the EVD tip outside 
of the ventricles occurs in 8%–22% of cases.22–27

Intraoperative stereotactic navigation in neurosurgery 
has become widely accepted in recent years, as techno-
logical advances have helped to improve the ease, reli-
ability, and versatility of this technique.28,29 The use of 
electromagnetic or optical computer-assisted navigation 
or ultrasonography during external ventriculostomy has 
clear potential to enhance EVD placement accuracy and 
reduce the risk of catheter malfunction, especially in 
cases of variant cerebral anatomy or ventricular shift or 
collapse.21,22 The objective of our prospective study was 
to examine the utility of image guidance in external ven-
triculostomy and explore its relationship with catheter tip 
location and need for catheter replacement due to EVD 
dysfunction.

Methods
Study Design, Setting, and Participants

This study is a secondary analysis of a data set from 
a prospective, multicenter study of external ventricular 
drainage in the United Kingdom (UK) and Ireland.2 The 
study was performed by the British Neurosurgical Trainee 
Research Collaborative (BNTRC), a consortium of neuro-
surgical trainees from across the UK formed in 2012 with 
the aim of encouraging high-quality, multicentric research 
studies.30 In brief, a multicenter observational study inves-
tigating EVD management and complication and infec-
tion rates in adult and pediatric patients was undertaken 
across 21 neurosurgical units in the UK and the Republic 
of Ireland. Patients who received EVDs were followed up 
for 30 days.

Primary and Secondary Outcomes
For our primary analysis, we defined suboptimal cath-

eter tip placement as the catheter tip being in contact with 
the ventricular wall or choroid plexus or lying within brain 
parenchyma on radiological examination. Comparison 
groups were patients undergoing insertion of an EVD with 
or without image guidance. Since a catheter tip touching 
the ventricular wall or choroid plexus may still drain CSF, 
we performed secondary analyses using catheter tip po-

sition within the brain parenchyma and drain blockage 
as outcomes. We defined drain blockage as the EVD re-
moved due to blockage.

Variables, Data Sources, and Measurements
A range of data points were obtained for EVDs placed 

over a 6-month period (November 2014 to April 2015) 
from patient records and imaging archives, including pa-
tient demographics; primary pathology; ventricular size 
prior to EVD insertion, as determined by the operating 
surgeon (small, medium, or large); seniority level of the 
surgeon (foundation year [FY] doctor [FY 1–2, intern 
equivalent], junior neurosurgical resident [specialty reg-
istrar {ST} 1–3], senior neurosurgical resident [ST 4–8], 
and consultant/attending); drain type (tunneled, bolt, or 
Ommaya); tunnel length; use of image guidance (neu-
ronavigation or ultrasound guided); number of passes to 
achieve catheter placement; acquisition of a postoperative 
CT scan; location of the EVD tip (free-floating in CSF, 
touching choroid plexus or ventricle wall, and intraparen-
chymal); reason for EVD removal; and requirement for 
CSF diversion at 30 days after EVD insertion.

The urgency of the procedure was also recorded, ac-
cording to the classification established by the British 
National Confidential Inquiry into Patient Outcome and 
Death (NCEPOD) and implemented in the UK. The terms 
are defined as follows:
• Immediate: immediate life-, limb-, or organ-saving in-

tervention. The operation takes place within minutes of 
the decision to operate.

• Urgent: intervention for acute-onset or clinical deterio-
ration of potentially life-, limb-, or organ-threatening 
conditions; fixation of fractures; and relief of pain or 
other distressing symptoms. The operation takes place 
within hours of the decision to operate. 

• Expedited: patient requires early treatment for a con-
dition that is not an immediate threat to life, limb, or 
organ survival. The operation normally takes place 
within days of the decision to operate. 

• Elective: the intervention is planned in advance of a 
scheduled admission to the hospital. The operation 
takes place at a time convenient for the patient, health-
care facility, and staff.31

The principal grounds for EVD removal were classified 
by the treating clinician as follows: no longer clinically 
required, intervention futile, elective replacement, stopped 
working, dislodged inadvertently, or became infected.

A pragmatic definition of EVD-related infection (ERI) 
was used: evidence of positive CSF culture (and/or Gram 
stain) or clinical suspicion of ERI by the clinical team 
owing to CSF pleocytosis, raised serum inflammatory 
markers, or signs such as fever, meningism, or altered con-
sciousness that led to antimicrobial therapy.2

Ethical, Data Protection, and Reporting Standards
Data were prospectively entered into the Outcome 

Registry Intervention and Operation Network (ORION) 
database hosted by the University of Cambridge (Cam-
bridge, UK). ORION is a cloud-based platform, developed 
by Obex Technologies, which hosts registries, research 
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databases, and clinical service tools across multiple insti-
tutions. The ORION platform meets all relevant national 
data security and risk management standards, including 
compliance with the Information Governance Toolkit of 
the Health and Social Care Information Centre. The study 
protocol was approved by the responsible audit and clini-
cal governance committee of each participating hospital. 
As this study served audit purposes, formal research eth-
ics committee approval was not required, nor was there 
a requirement for individual patient consent to inclusion 
of their data. The Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) guidelines 
were used to inform the preparation of this paper.32

Statistical Methods
Descriptive statistics to describe and summarize the 

data were computed using SPSS (version 25; IBM Corp.). 
Differences in the relative frequency of events were com-
pared with the chi-square test. We used multiple logistic 
regression for multivariate analyses. In the absence of 
established risk factors for our primary and secondary 
outcomes, clinical and epidemiological judgment was uti-
lized. Ventricular size was chosen as an a priori variable 
in the multiple regression, given it may confound the asso-
ciation of primary interest in this study. In the secondary 
analysis considering drain blockage, we considered under-
lying pathology (vascular vs nonvascular etiology) as an 
additional covariate, given that vascular pathology may 
result in more debris or fibrinous material that could block 
a ventricular catheter. The role of these variables was con-
firmed in the initial univariate analyses. Alpha was set to 
0.05 to determine statistical significance.

Results
Participant, Descriptive, and Outcome Data

Over the study period, 632 catheters were inserted 
across the 21 neurosurgical units (median 26 units, in-
terquartile range 15–68 units). In total, 19.6% (124/632) 
of EVD insertions took place under image guidance. Of 
these, 116 (18.4%) were performed with neuronavigation 
systems and 8 (1.3%) utilized intraoperative ultrasound 
guidance (n = 8, 1.3%). Of the 21 units, 7 did not utilize 
image guidance for EVD insertion. In only one unit were 
100% of insertions (n = 35) undertaken using image guid-
ance. Only 4 units utilized ultrasound guidance.

There was an association between smaller preoperative 
ventricular diameter and the use of navigation (p < 0.001) 
and between reduced case urgency and image guidance (p 
= 0.014) (Table 1). There was no association between the 
use of navigation and the seniority of the primary surgeon 
(p = 0.497) or the likelihood of a postoperative CT scan 
being obtained (p = 0.819). Similarly, there was no asso-
ciation between navigation and the type of drain used (p = 
0.221) or catheter tunneling distance (p = 0.144). Among 
the pathologies for which external ventriculostomy was 
performed, patients with traumatic brain injury were the 
most likely to have a navigated EVD (19/37 patients). 
Small ventricles were significantly more likely to occur in 
trauma versus nontrauma cases (p = 0.001). Further, there 
was no association between the use of image guidance and 

the number of passes required for catheter placement (p = 
0.970). The median number of passes required to position 
the EVD was 1. A total of 8.2% of placements required 
more than 1 catheter pass.

Impact of Image Guidance on Catheter Tip Positioning 
and Blockage

Of the 632 cases, 505 (79.9%) had a postoperative CT 
scan allowing for EVD catheter tip position assessment. 
Of these cases, 65.9% (333/505) of catheters were placed 
with their tips free-floating in the CSF. Over one-fourth 
of catheter tips were in contact with the choroid plexus or 
the ventricle wall (140/505) and 6.3% (32/505) displayed 
an intraparenchymal tip position. There was no significant 
relationship between the use of navigation and catheter tip 
position when the outcomes were stratified according to 
ventricular size (Table 2) or when the cases involving trau-
matic brain injury, commonly associated with disturbed 
cerebral anatomy and small or shifted ventricles, were 
analyzed separately. Accounting for ventricular size, the 
use of image guidance was not associated with suboptimal 
EVD placement in multiple logistic regression analysis 
(OR 0.64, 95% CI 0.37–1.09, p = 0.10) (Table 3).

In the image-guidance group, 8/124 EVDs (6.5%) were 
ultimately removed due to catheter blockage or dysfunc-
tion, whereas the corresponding ratio in the non–image-
guided group was 59/508 (11.6%) (Table 1). In the multiple 
logistic regression, there was no association between the 
use of image guidance and drain blockage (OR 0.52, 95% 
CI 0.23–1.16, p = 0.11) (Table 4). Only 9/32 (28%) EVDs 
that had their tip in the brain parenchyma were removed 
due to blockage.

Discussion
Key Results

In this binational multicenter study, only one-fifth of 
EVD insertions during the study period were performed 
using image guidance. There was wide variation in navi-
gation usage between departments. In almost all image-
guided cases, neuronavigation rather than ultrasound 
guidance was used (93.5% and 6.5%, respectively). Con-
trary to expectations, the use of navigation had no signifi-
cant bearing on the likelihood of obtaining a free-floating 
catheter tip position, nor was there an association between 
navigation use and the need for fewer intraoperative cathe-
ter passes. Navigated placement did not seem to be associ-
ated with a reduced rate of postoperative CT imaging, nor 
was there a discernible association with catheter removal 
reason during the course of follow-up.

Navigation Utilization
Navigated EVD placement, which allows visualization 

of the catheter intraoperatively as it is guided to an opti-
mal intraventricular position, has an intuitive attraction. 
The Neurocritical Care Society’s 2016 evidence-based 
consensus statement on EVD insertion and management 
advised that navigation should be considered for cases 
with small ventricles or distorted anatomy, if available.5 
Moreover, in a UK-Irish context, where EVD placement is 
generally performed in the operating room rather than at 
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TABLE 1. Correlation between the use of image guidance (neuronavigation or ultrasound) for EVD placement and 
patient and procedural parameters and outcomes

Navigation (n = 124; 19.6%) No Navigation (n = 508; 80.4%) p Value

Case urgency
 Elective 5 (4.0) 16 (3.1) 0.014*
 Expedited 7 (5.6) 17 (3.3)
 Urgent 24 (19.4) 173 (34.1)
 Immediate 88 (71.0) 302 (59.4)
Age
 Adult 39 (73.6) 469 (81.0) 0.193
 Pediatric (age <18 yrs) 14 (26.4) 110 (19.0)
Seniority of primary surgeon
 Foundation doctor (intern) 0 (0.0) 5 (1.0) 0.497
 Junior neurosurgical trainee 27 (21.8) 90 (17.7)
 Senior neurosurgical trainee 84 (67.7) 351 (69.1)
 Consultant 13 (10.5) 62 (12.2)
Preop ventricular diameter
 Small 22 (17.7) 8 (1.6) <0.001*
 Normal 32 (25.8) 79 (15.6)
 Large 70 (56.5) 421 (82.9)
Primary pathology
 Cerebrovascular 41 (33.1) 229 (45.1) <0.001*
 Developmental 2 (1.6) 9 (1.8)
 Infection 6 (4.8) 54 (10.6)
 Intraparenchymal hemorrhage 21 (16.9) 69 (13.6)
 Shunt associated 10 (8.1) 31 (6.1)
 Trauma 19 (15.3) 18 (3.5)
 Tumor 19 (15.3) 76 (15.0)
 Other 6 (4.8) 22 (4.3)
Drain type
 Tunneled 123 (99.2) 484 (95.3) 0.221
 Bolt drain 1 (0.8) 9 (1.8)
 Ommaya reservoir 0 (0) 14 (2.8)
 Other 0 (0) 1 (0.2)
Catheter passes to achieve placement, no.
 1 113 (91.1) 467 (91.9) 0.970
 2 6 (4.8) 25 (4.1)
 3 4 (3.2) 13 (2.6)
 ≥4 1 (0.8) 3 (0.6)
Location
 Free-floating in CSF 66 (53.2) 267 (52.6) 0.435
 Touching choroid plexus or ventricle wall 27 (21.8) 113 (22.2)
 Intraparenchymal 7 (5.6) 25 (4.9)
 No postop CT 24 (19.4) 103 (20.3)
Tunneling distance, cm
 <5 35 (28.2) 118 (23.2) 0.144
 5–10 82 (66.1) 348 (68.5)
 >10 6 (4.8) 18 (3.5)
 Unknown 1 (0.8) 24 (4.7)

CONTINUED ON PAGE 5 »
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TABLE 1. Correlation between the use of image guidance (neuronavigation or ultrasound) for EVD placement and 
patient and procedural parameters and outcomes

Navigation (n = 124; 19.6%) No Navigation (n = 508; 80.4%) p Value

Postop CT acquisition
 Yes 100 (80.6) 405 (79.7) 0.819
 No 24 (19.4) 103 (20.3)
Catheter tip position on postop imaging
 Free-floating in CSF 66 (53.2) 267 (52.6) 0.983
 Intraparenchymal 7 (5.6) 25 (4.9)
 Touching choroid plexus or ventricular wall 27 (21.8) 113 (22.2)
Removal reason
 Infection 11 (2.2) 7 (5.6) 0.073
 Dislodged inadvertently 8 (6.5) 16 (3.1)
 Elective replacement 13 (10.5) 65 (12.8)
 Intervention futile 21 (16.9) 88 (17.3)
 No longer clinically required 67 (54.0) 269 (53.0)
 Blockage or dysfunction 8 (6.5) 59 (11.6)
CSF diversion required after 30 days
 None 92 (74.2) 304 (59.8) 0.019*
 Shunting 16 (12.9) 110 (21.7)
 EVD reinsertion 14 (11.3) 70 (13.8)
 Serial lumbar puncture 2 (1.6) 24 (4.7)

Values are presented as number (%) of EVD insertions unless otherwise indicated.
* Statistically significant.

TABLE 2. Association between navigation utilization and EVD catheter tip position stratified by ventricular size

Condition Navigation No Navigation p Value

All ventricular sizes
 Optimal EVD placement (free-floating) 66 (66) 267 (65.9) 0.989
 Suboptimal EVD placement (not free-floating) 34 (34) 138 (34.1)
 EVD catheter tip not in brain parenchyma 93 (93) 380 (93.8) 0.761
 EVD catheter tip in brain parenchyma 7 (7) 25 (6.2)
Small ventricular size
 Optimal EVD placement (free-floating) 6 (28.6) 3 (50) 0.367
 Suboptimal EVD placement (not free-floating) 15 (71.4) 3 (50)
 EVD catheter tip not in brain parenchyma 17 (81.0) 5 (83.3) >0.999
 EVD catheter tip in brain parenchyma 4 (19.0) 1 (16.7)
Normal ventricular size
 Optimal EVD placement (free-floating) 17 (60.7) 38 (62.3) 0.887
 Suboptimal EVD placement (not free-floating) 11 (39.3) 23 (37.7)
 EVD catheter tip not in brain parenchyma 27 (96.4) 54 (88.5) 0.427
 EVD catheter tip in brain parenchyma 1 (3.6) 7 (11.5)
Large ventricular size
 Optimal EVD placement (free-floating) 43 (84.3) 226 (66.9) 0.012 
 Suboptimal EVD placement (not free-floating) 8 (15.7) 112 (33.1)
 EVD catheter tip not in brain parenchyma 49 (96.1) 321 (95) >0.999
 EVD catheter tip in brain parenchyma 2 (3.9) 17 (5)

Values are presented as number (%) of EVD insertions unless otherwise indicated. Statistical significance was assessed by Fisher exact or 
chi-square test as appropriate.
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the patient’s bedside, navigated EVD placement has been 
described as an emerging standard of care.33 Neverthe-
less, across the two countries surveyed, image guidance 
was used in less than one-fifth of cases. Moreover, despite 
the apparently simpler setup requirements of ultrasound 
in comparison to neuronavigation, real-time imaging ca-
pabilities, and obviation of the need to acquire additional 
imaging sequences for stereotactic registration, ultrasound 
usage was low (1.3% of cases overall). There are several 
potential factors that could account for the low ultrasound 
utilization, including lack of education, device unavail-
ability, and perceived difficulty maneuvering the probe 
and inserting the catheter simultaneously within the same 
plane. In contrast, neuronavigation has widespread utiliza-
tion in neurosurgical practice and may be more familiar to 
surgeons based on their elective practice. The low overall 
rate of navigation utilization may partially be explained by 
our finding that only 4.7% of ventricles were determined to 
be of small diameter ahead of catheter insertion. Surgeons 
may have seen no need to utilize navigation in the cases 
involving normal-sized or large ventricles.

Of note, we observed wide interdepartmental varia-
tion in the use of navigation for placement, with several 
departments foregoing navigation assistance altogether. 
Optimizing patient care through the creation of practice 
standards is essential to decrease the risk of procedural 
complications, such as those seen in ultrasound-guided 
placement of central venous catheters.34,35

Catheter Placement and Position
Thirty-four percent of catheters were placed subopti-

mally, either intraparenchymally or touching the choroid 
plexus or ventricular wall, leaving them prone to malfunc-
tion and obstruction. The prevalence of catheter malposi-
tion on postoperative imaging suggests that there is scope 
for adjuvant techniques and technologies to enhance 
placement accuracy and safety. The rate of positioning 
inaccuracy found in the present study corresponds to the 
findings of Huyette and colleagues, who found that 56% 
of EVD catheter tips were located within the ipsilateral 
lateral ventricle and 22% were found to be outside the ven-
tricles.25 The high rate of EVD misplacement found here 
and by Huyette et al. contrasts with the low malposition 
rate of 12.3% determined by Saladino et al. in a retrospec-
tive series of 212 catheter insertions.36 Investigators from 

the single UK unit that performed image-guided place-
ment for all insertions during the time period of our study 
have previously reported retrospectively on their experi-
ence with image-guided placement of frontal, tunneled 
EVDs. Navigation was used where possible, especially in 
cases of small ventricles. The authors compared 287 free-
hand insertions with 44 navigated insertions. There was 
no significant difference between the accuracy of catheter 
tip position between groups overall: 75% of image-guided 
and 60.6% of freehand EVD placements lay optimally 
with their tips in the ipsilateral anterior horn of the lat-
eral ventricle. However, a subgroup analysis of cases with 
small ventricles (Evans’ index, i.e., the ratio of the maxi-
mum width of the frontal horns of the lateral ventricles 
to the maximal internal diameter of the skull at the same 
level on axial imaging < 0.36) found that image guidance 
significantly improved the rate of optimal tip position in 
the ipsilateral anterior horn. The overall complication rate 
did not differ significantly between groups, but nearly 
three times as many freehand-inserted EVDs required re-
vision or reinsertion.37

We found that a single catheter pass was undertaken in 
more than 90% of cases, whereas previous studies have 
demonstrated an average of two passes.22,25 The lack of an 
association between navigated placement and improved 
catheter tip position contradicts findings from earlier stud-
ies that have used image guidance for both EVD and shunt 
catheter insertion.38–43 However, our finding is in align-
ment with a prospective, multicenter study of 121 pedi-
atric cases by the Hydrocephalus Clinical Research Net-
work (HCRN), where ultrasound-guided ventricular cath-
eter insertion by pediatric neurosurgeons experienced in 
this technique did not lead to significantly more accurate 
placement compared with conventional freehand tech-
niques.44 The lack of an association between navigation 
use and accurate catheter placement in the present study 
could be explained by surgeon knowledge or technical 
deficits in utilizing image-guidance technologies for EVD 
insertion. Selection bias in those cases selected for postop-
erative imaging may also be relevant. Further, given that 
navigation was mostly utilized in cases of large ventricles, 
where there is reduced chance of the catheter tip coming 

TABLE 3. Results of a multivariate analysis exploring the use 
of navigation and suboptimal catheter tip placement based on 
findings from 505 EVD insertions with postoperative imaging

Condition OR 95% CI p Value

Navigation used
 Yes 0.63 0.37–1.08 0.096
 No Ref — —
Ventricular size
 Large 0.16 0.07–0.41 <0.001
 Normal 0.24 0.09–0.62 0.003
 Small Ref — —

TABLE 4. Results of a multivariate logistic regression analysis 
exploring associations with EVD blockage based on findings 
from 632 EVD insertions

Condition OR 95% CI p Value

Navigation used
 Yes 0.52 0.23–1.16 0.11
 No Ref — —
Ventricular size
 Large 0.83 0.18–3.90 0.812
 Normal 1.19 0.24–5.86 0.833
 Small Ref — —
Underlying pathology
 Vascular 2.11 1.19–3.75 0.011
 Nonvascular Ref — —
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into contact with the ventricle walls, perhaps the potential 
benefit of navigation was not captured in the present study.

In the setting of smaller ventricular size, mostly seen 
in cases of traumatic brain injury within this cohort, the 
rate of navigation utilization was increased in our study. 
Nevertheless, the use of navigation did not lead to an im-
proved rate of optimal catheter tip position. It could be 
that in the context of narrow ventricles, the likelihood of 
non–free-floating, suboptimal catheter placement is suffi-
ciently high, such that any technical advantage potentially 
afforded by navigation was obviated. Notably, only 28% of 
EVDs that had their tip in the brain parenchyma were re-
moved due to blockage, highlighting the continued ability 
of suboptimally placed EVDs to function to some degree 
and drain CSF. This may be partly due to the CSF be-
ing drained through holes along the catheter rather than 
those blocked at the tip. In addition, it could be the case 
that ventricular catheter tip position, while important, is 
not the most critical factor for EVD functionality. This is 
a suggestion supported by another study from the HCRN, 
where it was demonstrated that, for pediatric shunts, ven-
tricular entry site and orientation, and not catheter tip loca-
tion, were associated with longer shunt survival.45

Study Limitations and Future Research
This study assessed navigational use in binary fash-

ion and did not undertake analysis of why, how, or when 
navigation was used during EVD insertion, nor was an 
assessment of surgeons’ navigation competence and skill 
conducted. In some cases, a burr hole ultrasound probe 
may have been used simply to check the planned trajec-
tory prior to ventriculostomy, instead of ultrasound being 
used as a real-time visualization aid to observe transcorti-
cal passage and ventricular entry of the catheter. Further 
research exploring human factors and implementation is 
required to understand barriers to navigation use, and edu-
cation efforts should help to promote the appropriate use 
of navigation to assist safe and accurate EVD insertion.

Of note, the present study did not assess periprocedur-
al complications, such as the occurrence of hemorrhage 
along the catheter tract, which may indeed be minimized 
by the use of navigation. The fact that postoperative imag-
ing was undertaken at the discretion of the treating team, 
whereby patients less likely to have catheter blockage or 
with a lower suspicion of malposition may not have re-
ceived imaging, may have led to overestimation of malpo-
sition risk. Due to variability in imaging practices between 
the 21 centers involved in the study, a postoperative CT 
scan was not acquired after 20% of insertions. Given that 
there was no significant difference in the postoperative CT 
rate between the navigation and non-navigation groups, we 
do not believe that the nonavailability of postoperative CT 
imaging in one-fifth of cases led to a systematic bias in our 
findings. A further limitation is the clinician self-reporting 
of preoperative ventricular size and catheter tip position on 
postoperative CT imaging, which, while pragmatic, may 
have resulted in reporting bias. Self-reporting bias was, 
however, most likely mitigated by the use of prospectively 
defined criteria for determining EVD tip position on CT. 
Moreover, the self-reporting utilized in this study, in con-
trast to the external radiologist assessment undertaken in 

the investigation by Huyette and colleagues, does not seem 
to have biased our results, with similar malposition rates 
observed.25

The very low number of ultrasound-guided cases in the 
cohort leaves us unable to draw any specific conclusions 
regarding the impact of this technique. Cerebrovascular 
pathology was the reason for the majority of EVD inser-
tions, and there was a relatively low number of cases with 
certain pathologies (trauma, tumor, developmental) or 
with small ventricular size. The small size of these sub-
groups may have left our analyses underpowered to detect 
an effect of navigation on outcomes in these subgroups. 
Finally, this was a nonrandomized study, and a prospective 
randomized approach is required to definitively determine 
the impact of navigation on outcome.

Conclusions
The widespread practice of freehand EVD insertion has 

been associated with catheter misplacement and peripro-
cedural complications including malfunction and intrapa-
renchymal hemorrhage, and navigated EVD placement has 
been proposed as a safer, more accurate solution. Neverthe-
less, in the current study, only one-fifth of EVD insertions 
were performed with navigation assistance, and there was 
unwarranted variation in insertion practices between units. 
This large-scale survey of contemporary UK-Irish prac-
tice demonstrates that, as currently utilized and contrary 
to expectation, navigated EVD placement using computer-
assisted neuronavigation or ultrasound was not associated 
with an increased likelihood of catheters lying free-floating 
in CSF. Multivariate analysis revealed a trend toward re-
duced odds of suboptimal EVD placement with navigation, 
but this trend did not reach statistical significance. More-
over, there was no association between navigation usage 
and the rate of catheter blockage. Technical refinements 
and educational efforts should aim to enhance the preva-
lence of navigated EVD insertion and surgeons’ ability to 
apply the technique correctly, so that procedural risks such 
as malposition and tract hemorrhage can be reduced and 
effective catheter positioning facilitated. Although naviga-
tion did not improve catheter placement accuracy in gen-
eral, it may have a role in difficult cases involving variant or 
disturbed cerebral anatomy and small or shifted ventricles, 
for example, in the setting of traumatic brain injury.

Appendix
British Neurosurgical Trainee Research Collaborative 
Collaborators

Abdulla MAH, Alalade A, Bailey M, Basu S, Baudracco I, 
Bayston R, Bhattacharya A, Bodkin PA, Bojanic S, Brennan PM, 
Bulters DO, Buxton N, Chari A, Corns R, Coulter C, Coulter IC, 
Critchley G, Dando A, Dardis R, Duddy J, Dyson E, Edwards 
R, Garnett MR, Gatcher S, Georges H, Glancz LJ, Gray WP, 
Hallet J, Harte J, Haylock-Vize P, Humphreys H, Hutchinson 
PJ, Jenkinson MD, Joannides AJ, Kandasamy J, Kitchen J, 
Kolias AG, Loan JJM, Ma R, Madder H, Mallucci CL, Manning 
A, McElligott S, Mukerji N, Narayanamurthy H, O’Brien D, 
Papadopoulos MC, Phan V, Poots J, Rajaraman C, Roach J, Ross 
N, Sharouf F, Shastin D, Simms N, Solth A, Steele L, Tajsic T, 
Talibi S, Thanabalasundaram G, Vintu M, Wan Y, Watkins LD, 
Whitehouse K, Whitfield PC, Zaben M.
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