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ABSTRACT

Background: The use of intracranial catheters is a common procedure used for neurosurgical patients with a variety
of pathologies. Despite its frequency of use, shunt failure and revision have been reported to be a common problem.
Given that depth of insertion can significantly affect the catheter tip position, a single institution retrospective chart
review was performed to examine the accuracy of shunt and external ventricular drain (EVD) placement.

Methods: Computed tomography (CT) images of the head following shunt or ventriculostomy insertion were
analyzed to determine the delta between the final length of the intracranial catheter and the intended depth
described in the operative notes.

Results: We found that there was a statistically significant difference in the accuracy of placement when comparing
EVDs to shunts. The most used EVDs at our institution are marked with a solid black line in increments spaced
2 cm apart. The most used ventricular shunt catheter has a marking at 5 cm and 10 cm from the tip of the catheter.
We believe that the visual confirmation that is afforded by metric unit markings on the EVD allows for better final
placement of the catheter at the outer table of the calvarium.

Conclusion: The addition of regular millimeter metric unit markings by the manufacturer is imperative in
decreasing the chances of error in the insertion of ventricular catheters and preventing potential neurovascular
injury to the surrounding structures.
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INTRODUCTION

Intracranial catheters such as shunts and external ventricular drains (EVDs) are the most
common procedures in neurosurgical patients that allow for cerebrospinal fluid (CSF) diversion
or monitoring of intracranial pressures. This treatment option is used for a variety of pathologies,
such as severe traumatic brain injury to hydrocephalus of various etiologies. Despite intracranial
catheter insertion being a frequently performed procedure, shunt failure and revision have been
reported to be quite common. A recent meta-analysis on the rate of shunt failure due to all
reasons showed that the pooled mean shunt failure rate was 31.3% in the pediatric population
and 16.2% in the adult population within the 1% year.!'!

One of the major reasons for shunt revision is obstruction of the proximal catheter related to the
placement of the intracranial catheter."! The rate of proximal catheter malfunction requiring
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revision or replacement is reported in the literature as anywhere
between 12.4% and 88% within a follow-up period of up to
12 years in one study.'**1%13) Proximal ventricular catheter
mispositioning has been shown to be correlated with shunt
failure rates.® Specifically, Dobran et al. describe that proximal
catheter tips placed within the third ventricle or in contact with
the ventricular wall are associated with catheter malfunction.”
Misplaced catheters can cause severe complications by injuring
adjacent neural and vascular structures in addition to being
ineffective in the treatment of hydrocephalus.

According to a contemporary literature review conducted
by Vlasak et al., the average cost of diagnosing, material,
and procedural costs of placing ventricular catheters
was estimated to be between $1300 and $3200/
patient.?! Replacing obstructed catheters is associated with
more diagnostic imaging, which can substantially increase
hospital bills. It was also reported that there is an average
increase between 5.2 and 13 days for patients who contract
an EVD-associated infection, with an increased hospital stay
also adding to the cost per patient.?

Intraventricular catheter insertion is most commonly done
with a freehand technique utilizing cranial landmarks,
and depending on the type of shunt system being used, the
proximal catheter must be cut to size and connected to the
shunt valve. During this maneuver, the proximal catheter
depth may be altered, and the absence of metric unit
markings leaves few options for confirming the depth of the
catheter during the process of connecting the catheter to the
valve. There are a variety of proximal shunt catheters that
are Food and Drug Administration approved and marketed
without continuous markings on the catheter to determine
the depth of insertion, such as centimeters or millimeters with
numbers. While these markings are common in other high-
risk devices, such as an endotracheal tube, the ventricular
catheters have markings at each centimeter without any
numbers that would help the clinician determine the depth
immediately. At our institution, we use the Codman Bactiseal
EVD catheter that has numerical metric unit markings in two
cm intervals. This design forces the person performing the
procedure to guess the depth of the catheter between the two
markings. Many neurosurgeons use other methods to mark
the depth of the catheter desired in a particular patient with
either a suture tie or a pen mark. Both methods are fraught
with error as the tie can slip, and a pen mark can be erased
with blood or fluid. Most of the shunt catheters have only
markings every 5 cm, and a dot and no numbers represent
these. Given that depth of insertion can significantly affect
the catheter tip position, we conducted a single institution
retrospective chart review to examine the accuracy of shunt
and EVD placement. We analyzed computed tomography
(CT) images of the head following shunt or ventriculostomy
insertion to analyze the delta between the final length of the
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intracranial catheter and the intended depth described in
the operative notes. We hypothesized that EVD catheters are
placed more accurately than shunt catheters due to the visual
ability to confirm the depth of insertion with EVD catheters.

MATERIALS AND METHODS

We performed a retrospective chart review at a single
institution and queried shunt insertions, and EVD insertions
performed between 2018 and 2022 in subjects over 18 years
old. This study was approved by the State University of
New York Upstate Medical University institutional review
board as an exempt study. Demographic data, indication
for operation, need for shunt revision or EVD replacement,
use of navigation, and CT head images were collected.
Patient consent was not obtained as we only performed a
retrospective review of operative scans. We chose only to
evaluate frontal approach catheter placements to be able to
compare EVD insertions with shunt insertions.

3D slicer, a free, open-source platform, was used to perform
measurements of the intracranial catheter length from the
position at the outer table of the calvarium to the catheter
tip. We preferentially used axial CT head bone window scans,
which provided the most accurate visual of the catheter’s
pathway. The software allowed us to follow the trajectory of the
catheters slice-by-slice through the CT scans allowing for the
most accurate measurements possible. Catheter measurements
were performed to the second decimal place. Medical records
were reviewed for each subject, and the intended depth of the
intracranial catheter placement was collected.

A paired t-test was used to evaluate the mean difference
between the measured catheter lengths and descriptive
catheter lengths, which we termed delta. Analysis of variance
was used to compare variance in described catheter lengths
stratified by indication for the procedure. The significance
level was set to P < 0.05.

RESULTS

There were a total of 217 EVD insertions and 60 ventricular
shunt insertions performed at our institution between 2018
and 2022 after excluding subjects that underwent parietal/
occipital catheter insertions as well as subjects that did not have
an intended catheter insertion depth in their operative notes.
The mean age of patients in the shunt group was 54.7 years, and
56.9 years in the shunt group. The indications for EVD insertion
were intracranial hemorrhage (n = 135), hydrocephalus due to
leptomeningeal neoplastic process or obstructive neoplastic
process (n = 15), central nervous system infection (n = 7),
traumatic brain injury (n = 41), fulminant pseudotumor cerebri
(n = 1), ischemic stroke (n = 12), and other indications (n =
2). The indications for shunt insertions were posthemorrhagic
hydrocephalus (n = 14), postinfectious hydrocephalus (n
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= 3), hydrocephalus due to neoplastic processes (n = 11),
posttraumatic hydrocephalus (n = 1), normal pressure
hydrocephalus (1 = 23), pseudotumor cerebri (1 = 2), poststroke
hydrocephalus (n = 1), and other indications (n = 5).

The mean delta, or the difference between the measured
catheter length on the postoperative scan and the intended
depth in the operative note, in the EVD group was 0.45 mm
(standard deviation [SD] 0.37 mm), and in the shunt
group was 0.71 mm (SD 0.55 mm). There was a statistically
significant difference between the measured depth and
intended depth in the shunt group when compared to the EVD
group (P < 0.001) 95% confidence interval [-0.407, —0.109].
This indicates that shunt catheters, which have less frequent
markings as compared to EVDs, were inserted less precisely
[Figure 1]. When stratified by indication, there was a trend
toward a significant difference in the mean delta between
the EVD and shunts in the intracranial hemorrhage group
[Table 1]. 21 EVDs needed to be revised and replaced. Six
shunts needed revisions, and the reasons for revision were
distal shunt failure and valve failure. There were no significant
differences between the group demographics [Table 1]. Only
10 shunts were inserted under navigation, and due to the
small sample size, a stratified analysis comparing navigated
catheters to non-navigated catheters was not undertaken.

DISCUSSION

Use error is quite common in the practice of medicine,
as underscored by the 1999 Institute of Medicine report,
To Err Is Human.” In an article by Medical Device and
Diagnostic Industry, which is a resource for medical device
manufacturers,'” the authors state that medical device
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Figure 1: Box plot demonstrating differences between measured
catheter length on the postoperative scan and the intended depth
in the operative note between the external ventricular drain (EVD)
and the shunt groups. EVD group mean delta 0.45 mm (standard
deviation [SD] 0.37 mm). Shunt group mean delta 0.71 mm (SD
0.55 mm). P < 0.001, 95% confidence interval [-0.407, —0.109].
Asterisks represent significant outliers.

designers can play an active role in preventing or mitigating the
effects of use error in medicine. Designers in other industries
have succeeded in making nuclear power plants and airliners
safer by designing less error-prone controls. Of the many
guidelines that incorporate human factors design into medical
devices, a couple of them are critical to this study. One of
the guidelines is to make critical information legible and
readable."” Legibility and readability of the depth markings
during catheter insertion are critical. The display characters
should have numbers and letters that are easy to discriminate.
The other guideline is to have the information presented in a
usable form. Converting information from one form to another
(from a dot or a line into centimeters in this case) introduces
the opportunity for error and makes additional work. Cryptic
abbreviations or symbols can be misinterpreted, and unit
conversions can be performed incorrectly. To prevent these
mishaps, users should be provided immediate or direct access
to information in its final, most usable form. Designers should
look for ways to take the cognitive workload by their design.

Key results

We found that there was a statistically significant difference
between the accuracy of insertion depth when comparing EVD
insertions to shunt insertions. The standard EVD catheter that
is used at our institution is the Codman Bactiseal catheter
(Integra LifeSciences) and these are marked with a solid black
line in increments spaced 2 cm apart. The most commonly
used ventricular shunt catheter used at our institution is the
Codman MEDOS ventricular catheter (Integra LifeSciences),
which has a marking at 5 cm and 10 cm from the tip of the
catheter. We believe that the visual confirmation that is
afforded by metric unit markings on the EVD allows for
better final placement of the catheter at the outer table of the
calvarium. At our institution, EVD catheters are secured at
the exit site before closing the incision, ensuring the catheter
has not moved after initial insertion. Metric markings on
the shunt catheters in the operating room would be very
helpful in determining the final position of the catheter, as
the catheter is likely to move during the process of cutting the
ventricular catheter to an appropriate length and connecting
the intracranial catheter to the proximal shunt valve.

The distribution of delta measurements of both shunt and EVD
catheter placements were plotted on a frequency plot [Figure 2].
Qualitatively it appears as though shunt catheters had a much
wider variation in final catheter depth compared to the intended
depth. EVD catheter deltas appear to have a normalized
distribution, while shunt catheter deltas have a random
distribution from the ideal zero. This could be explained in part
due to the smaller sample size in the shunt group.

Out of the 217 EVDs inserted during this time, 21 of these
needed to be revised and replaced. Out of the 60 shunts
inserted, 6 of them needed a shunt revision. There was not
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Table 1: Patient demographics.

Variable EVD
Number of subjects 217
Gender Female=87

Mean age (years) 54.7+18.7

Mean Delta (mm) 0.45+0.37

Revisions 21
Navigation 0
Indications n Mean (mm)
Intracranial Hemorrhage 117 (18 bilateral) 0.41+0.35
Malignancy 15 0.48+0.31
NPH 0

Meningitis 7 -

TBI 45 -
Pseudotumor 1 -
Post-CVA 12 -
Other 2 -

Shunt
60
Male=130 Female=25 Male=35
P=0.421 56.9+18.6 P=0.421
P=0.001 0.71£0.55 P=0.001
6
10
P-value n Mean (mm) P-value
0.087 14 0.69+0.57 0.087
0.228 11 0.67+0.42 0.228
23
_ 3 _ _
_ 1 _ _
i 2 i .
_ 1 _ _
_ 5 _ _

NPH: Normal pressure hydrocephalus, TBI: Traumatic brain injury, CVA: Cerebrovascular accident, Bold: The mean delta indicates a significant difference
in the accuracy of EVD insertion depth as compared to shunt insertion depth
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Figure 2: Distribution of delta measurements of both shunt and
external ventricular drain catheter placements.

enough power to analyze if there was an effect on revision
or replacement rates. While it would be interesting to see
if there was a difference in revision rates due to discrepancy
in the length of catheter insertion, there are still a variety of
factors that would influence this, including contact with the
ventricular walls, 3" ventricle catheter placement, postinsertion
hemorrhage, and valve/distal catheter malfunction.”

At the start of our study, we intended to analyze the effect of
intraoperative neuronavigation on the accuracy of catheter
placement. However, the use of this technology has been a
recent addition to our institution’s practice in 2020. Ten shunts
were placed using intraoperative navigation, and no EVDs were
placed with neuronavigation. Given that only a small percentage
of total shunts were placed with navigation, we were unable to
apply meaningful statistics. There is a growing literature in the
realm of the accuracy of ventricular catheter placement using
navigation technology. However, the definition of accuracy is
varied throughout this literature. Examples include the tip of
the catheter within the intended ventricle, Euclidean distance
from the ipsilateral foramen of Monro, or a grading system
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described by Hayhurst et al. qualitatively describing the tip of
the catheter to its surrounding anatomy.'**'!! To the best of our
knowledge, there have been no studies describing accuracy in
terms of depth of insertion.

Limitations

One of the major limitations of this study was that there was
a discrepancy between the number of subjects in the EVD
group compared to the shunt group. The smaller sample size
of shunt catheters measured could have biased our mean delta
in the shunt group toward greater variance from the intended
depth of insertion. Another limitation of our study is that this
is a retrospective study, which may lead to missing information
as the catheters were not placed with this study in mind. It also
introduces confounding variables such as hospital course that
was not able to be controlled at the time of study. In addition, this
is a single institution study, which may limit our generalizability
to a larger population; however, other institutions similarly place
their catheters and utilize the same type of catheter.

Generalizability

This smaller sample size may limit the generalizability of
this study; however, because our sample included a variety
of individuals with a large age range, our results should be
applicable to individuals who receive intracranial catheters
for a variety of reasons.

Interpretation

The problem of not having continuous markings of depth
that the user easily interprets is not limited to ventricular
catheters. There are no markings on a much longer intrathecal
catheter used for intrathecal pumps (Medtronic Inc.). Precise
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drug delivery into the intrathecal space depends on knowing
the exact length of the catheter inserted and is prone to errors
in administering faulty amounts of medication. The Tuohy
needle used for epidural anesthesia does not have centimeter
markings that are easily interpreted by the user and involves
converting the shaded parts of the needle to depth.

CONCLUSION

Although this is a simple change in the design, the addition
of metric unit markings by the manufacturer would greatly
assist surgeons in assessing the depth of catheter insertion
and reduce malfunction as well as potential neurovascular
injury to surrounding structures.
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