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Ventriculostomy-associated hemorrhage: a risk assessment
by radiographic simulation

Faith C. Robertson, BS,"? Muhammad M. Abd-El-Barr, MD, PhD,"-*
Srinivasan Mukundan Jr., MD, PhD,-® and William B. Gormley, MD, MPH, MBA'-?

"Harvard Medical School; and 2Cushing Neurosurgical Outcomes Center and *Department of Neurological Surgery, Brigham and
Women’s Hospital, Harvard Medical School, Boston, Massachusetts

OBJECTIVE Ventriculostomy entry sites are commonly selected by freehand estimation of Kocher’s point or approxi-
mations from skull landmarks and a trajectory toward the ipsilateral frontal horn of the lateral ventricles. A recognized
ventriculostomy complication is intracranial hemorrhage from cortical vessel damage; reported rates range from 1% to
41%. In this report, the authors assess hemorrhagic risk by simulating traditional ventriculostomy trajectories and using
CT angiography (CTA) with venography (CTV) data to identify potential complications, specifically from cortical draining
veins.

METHODS Radiographic analysis was completed on 50 consecutive dynamic CTA/CTV studies obtained at a tertiary-
care academic neurosurgery department. Image sections were 0.5 mm thick, and analysis was performed on a venous
phase that demonstrated high-quality opacification of the cortical veins and sagittal sinus. Virtual ventriculostomy trajec-
tories were determined for right and left sides using medical diagnostic imaging software. Entry points were measured
along the skull surface, 10 cm posteriorly from the nasion, and 3 cm laterally for both left and right sides. Cannulation
was simulated perpendicular to the skull surface. Distances between the software-traced cortical vessels and the virtual
catheter were measured. To approximate vessel injury by twist drill and ventricular catheter placement, veins within a
3-mm radius were considered a hemorrhage risk.

RESULTS In 100 virtual lines through Kocher’s point toward the ipsilateral ventricle, 19% were predicted to cause corti-
cal vein injury and suspected hemorrhage (radius < 3 mm). Little difference existed between cerebral hemispheres (right
18%, left 20%). The average (+ SD) distance from the trajectory line and a cortical vein was 7.23 £ 4.52 mm. In all 19 im-
ages that predicted vessel injury, a site of entry for an avascular zone near Kocher’s point could be achieved by moving
the trajectory less than 1.0 cm laterally and less than 1.0 cm along the anterior/posterior axis, suggesting that empirical
measures are suboptimal, and that patient-specific coordinates based on preprocedural CTA/CVA imaging may optimize
ventriculostomy in the future.

CONCLUSIONS In this institutional radiographic imaging analysis, traditional methods of ventriculostomy site selection
predicted significant rates of cortical vein injury, matching described rates in the literature. CTA/CTV imaging potentiates
identification of patient-specific cannulation sites and custom trajectories that avoid cortical vessels, which may lessen
the risk of intracranial hemorrhage during ventriculostomy placement. Further development of this software is underway
to facilitate stereotactic ventriculostomy and improve outcomes.

https://thejns.org/doi/abs/10.3171/2016.8.JNS16538
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ENTRICULOSTOMY 1is one of the most common neu-
rosurgical procedures, with more than 40,000
performed annually for both diagnostic and thera-

peutic purposes.! Historically, ventriculostomy placement
involved freehand catheterization using skull surface anat-

omy to estimate an appropriate entry site, first performed
by Keen in 1890.1> Later, Kocher used a craniometer to
estimate ventricle location by anatomical skull landmarks,
followed by Dandy cannulating the anterior and occipital
ventricular horns in 1918 to the device-assisted method

ABBREVIATIONS CTA = CT angiography; CTV = CT venography.
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described by Ghajar in 1985. Ghajar’s approach involved
catheterization perpendicular to the skull surface at Ko-
cher’s point, which lies 1 cm anterior to the coronal suture
in the midpupillary line, or 10 cm above the nasion and
approximately 3 cm lateral to the sagittal suture. Cannu-
lation perpendicular to Kocher’s point continues to pre-
dominate in clinical practice.’-!13142> However, image
guidance and frameless stereotaxy are increasingly being
used to improve catheterization of the ipsilateral frontal
horn.2411172122 While new image-guided methods priori-
tize accuracy of ventricle entry, little is known about the
damage to cortical vasculature during ventriculostomy
and whether iatrogenic hemorrhage can be prevented.
Intracranial hemorrhage from cortical vessel tearing
during ventriculostomy is a well-recognized complica-
tion; reported rates range from 1% to 41%, although re-
cent meta-analyses provide a more accurate assessment
of risks of this procedure.>® Bauer et al. reported a 7.0%
cumulative rate of hemorrhage and 0.8% risk of signifi-
cant hemorrhage, defined as patient death or neurological
deficit requiring surgical intervention. Importantly, some
hemorrhages may be missed during clinical assessment,
despite their appearance on CT, so the authors conducted
a subgroup analysis to evaluate radiographically detected
hemorrhage. In this subset, rates of hemorrhage and sig-
nificant hemorrhage were 20.3% and 3.7%, respectively.
These data demonstrate the clinical relevance of iatrogen-
ic hemorrhage during ventriculostomy and underscore a
need to optimize ventriculostomy techniques in the future.
Preprocedural CT angiography (CTA) and venography
(CTV) and design of patient-specific cannula trajectories
may reduce the incidence of hemorrhage from ventriculos-
tomy. In this study, we used radiographic simulation to in-
vestigate the risk of cortical vessel injury during a planned
ventriculostomy. Additionally, we examined distances be-
tween the catheter and vessels to elucidate whether CTA/
CTV imaging could identify patient-specific cannulation
sites that minimize the risk of intracranial hemorrhage.

Methods

The study was performed under the supervision of
the Internal Review Board of Partners Health Care and
Brigham and Women’s Hospital.

Patient Population

Fifty consecutive dynamic CTA/CTYV studies were ex-
amined (July 2014 to June 2015). The cohort included the
most recent adult patients with normal ventricular anato-
my undergoing CTA with contrast within a tertiary-care
academic neurosurgery department. Patients with midline
brain shift or grossly abnormal frontal lobe anatomy due
to a large parenchymal lesion were excluded.

Radiographic Simulation of Ventriculostomy Trajectories
The dynamic CTA image sections were 0.5 mm thick,
and analysis was performed on a venous phase that dem-
onstrated high-quality opacification of the cortical veins
and sagittal sinus.> The approach for virtual ventriculos-
tomy was modeled after the Ghajar Guide technique de-
scribed in 1985 to direct a ventricular catheter at a 90°
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angle to the skull surface at Kocher’s point.? The entry
site where the twist drill or bur hole would be placed was
determined with medical diagnostic imaging software
(VitreaCore; Fig. 1) by measuring along the skull surface,
10 cm posteriorly from the nasion in the sagittal plane,
and 3 cm laterally in the coronal plane for both right and
left sides. Cannulation was simulated perpendicular to the
skull surface in the coronal plane. A virtual line marked
the catheter trajectory; the yellow-arrow tool allowed tra-
jectory visualization in all windows.

The 3D reconstruction was used to examine vascular
anatomy. Vessels were identified using software tools for
CT angiography vessel tracking and segmentation. In
cross-sections perpendicular to the virtual cannula, the
distance between vessels and the midline of the trajectory
was measured. To approximate cortical venous injury by
twist drill or cannulation, veins within a 3-mm radius were
considered at risk for iatrogenic damage and hemorrhage.
This distance was chosen because the thread diameter
of subarachnoid screws and twist drills are generally be-
tween 5.6 mm and 6 mm (Codman/Johnson & Johnson).
Therefore, any major cortical vessels beneath the dura in
that 3-mm radius of Kocher’s point were estimated to be
at risk. For the trajectories that involved vessel injury, the
surrounding area was surveyed for the nearest avascular
zone in which a cannula could be safely placed.

Results

The patient population (n = 50) consisted of 66%
women (n = 33) with a mean age of 50 years (range 20-76
years). The indication for CTA was tumor related in 79.6%
of cases. Other indications included stroke, sinus thrombo-
sis, hemorrhage, and arteriovenous fistula suspicion. Both
right and left hemispheres was examined, and of the 100
virtual lines through Kocher’s point toward the ipsilateral
ventricle, the average distance from the trajectory line to
the nearest cortical vein was 7.23 + 4.52 mm and half of
the vessels were more than 5.9 mm (Fig. 2).

Overall, 19% of simulated ventriculostomies were
within a 3-mm radius of a major cortical vein and were
predicted to cause vessel injury and suspected hemor-
rhage. There was no significant difference in vessel injury
by side (right 18%, left 20%). In all 19 patient studies that
predicted vessel injury, avascular zones more than 6.0 mm
in diameter were identified near Kocher’s point. A site of
entry for an avascular zone could be achieved by moving
the trajectory less than 1.0 cm laterally and less than 1.0
cm along the anterior/posterior axis (Fig. 3). This finding
suggests that each patient has a ventriculostomy site that
would allow accurate placement of a cannula without vas-
cular damage; however, the coordinates of the avascular
zone differed by patient (Fig. 4).

Discussion

Despite more than a century of technological advances,
ventriculostomy, one of the most common neurosurgical
procedures, continues to be performed as it was originally
described in 1890. Freehand ventricular catheter place-
ment according to anatomical landmarks remains the
principally used method, and is currently the standard of
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FIG. 1. Three-dimensional reconstructions performed using medical diagnostic imaging software to depict ventriculostomy
trajectory (yellow arrow) and risk of cortical vessel injury. The entry site was marked by measuring along the skull surface, 10 cm
posteriorly from the nasion in the sagittal plane (A), and 3 cm laterally in the coronal plane for both right and left sides (B), with
perpendicular entry. The rest of the images (C-F) demonstrate measurements between a ventricular catheter and the nearest
cortical vessel (C-E, red; F, blue). Figure is available in color online only.

care for ventricular cannulation.® While the freehand pass
approach allows for simplicity and efficiency at the bed-
side or in the operating room, 10%—-40% of cases require
revisions or have associated complications.'” In particular,
there is a considerable rate of iatrogenic damage to the
cortical vessels during catheter placement. A recent meta-
analysis of ventriculostomy-associated hemorrhage de-
tected on CT suggests that hemorrhagic complications are
present in 20.3% of ventriculostomy attempts, and rates of
significant hemorrhage are as high as 3.7%.* These com-
plication rates underscore the need to improve accurate
and safe catheter placement.

Introduction of the Ghajar Guide was intended to in-
crease the accuracy of ventricular cannulation by facilitat-
ing a truly perpendicular vector of entry at Kocher’s point.
When the Ghajar Guide was compared with the freehand
pass technique, the Ghajar Guide tended to permit accu-
rate ventricle placement in fewer attempts, although there
was no statistically significant difference between the two
techniques.” Since then, endoscopy, ultrasonography, and
neuronavigation are being increasingly used in selected
cases. A recent nationwide survey revealed that more than
half of neurosurgeons and neurosurgical residents in the
US prefer to use image-guided techniques,'® and recent
trials are aiming to use smartphone technology in con-
junction with MRI and CT images.">?° The development
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of an easy-to-use, portable, image-guided system could re-
duce the need for multiple passes and improve the rate of
accurate catheter placement in a more efficient, safe, and
cost-effective manner. Nonetheless, most image-guided
studies have a primary outcome of ventricular catheter tip
location, and while incidental hemorrhage may be consid-
ered as a secondary outcome, little attention is dedicated
to prevention of cortical vessel damage.

In this study, we aimed to use radiographic analysis of
CT angiograms to elucidate the incidence of cortical ves-
sel damage when the theoretical ventriculostomy approach
was taken, and to determine if patient vessel anatomy var-
ied in a way that suggested a more appropriate entry lo-
cation exists. Traditional methods of ventriculostomy site
selection using the premise of Ghajar’s guided technique
with entry perpendicular to the skull surface at Kocher’s
point predicted significant rates of cortical vein injury,
matching described rates in the literature: 19% of attempts
intersecting with a cortical vessel, compared with 20.3%
noted by Bauer and colleagues.* Additionally, our study
suggests that a more appropriate, patient-specific entry site
may exist. Vessel tracing revealed an average distance of
7.23 mm between the trajectory line and a cortical vessel,
and a site of entry for an avascular zone could be achieved
with minor adjustments to the trajectory (< 1.0 cm later-
ally and < 1.0 cm along the anterior/posterior axis) in all
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FIG. 2. Bar graph showing the distance between the ventricular catheter
and nearest cortical vessel, according to a simulated ventriculostomy
trajectory on CTA. Assuming a twist-drill diameter of 6 mm, vessels
within a 3-mm radius (red) were considered at risk for iatrogenic dam-
age. Figure is available in color online only.

19 cases of predicted vessel injury. However, it is critical
to acknowledge that the coordinates of the avascular zone
differed by patient. The anatomical variability suggests
that a new empirical entry site is not recommended, but
rather a patient-specific coordinate based on preprocedur-
al CTA/CTV.

While stereotactic planning to ensure ventricle cath-
eterization with minimal vessel injury would be ideal for
patient safety, there are important obstacles. Equipment
availability and the additional preparation time and cost
required for CTA scans may hinder its adoption, as a sur-
vey study found that 94% of neurosurgeons would not use
technology that could improve the accuracy of ventricu-
lostomy if it added more than 10 minutes to the proce-
dure.'® The concern that image guidance takes longer than
the freehand pass technique, and is not accessible outside

FIG. 3. Measuring avascular zones on CT angiograms. For those tra-
jectories that involved vessel injury, the cortical vessel anatomy was
viewed in a plane perpendicular to the trajectory, and the area was
surveyed for the nearest avascular zone in which a cannula could be
safely placed. The circles are 6 mm in diameter to reflect the area of the
twist drill. Red circles represent the empirical entry at Kocher’s point for
2 representative images (A and B) where vessel injury was predicted.
The distance from the empirical entry site to an avascular zone (green
circles) was measured (B). An avascular zone existed in all cases. Fig-
ure is available in color online only.
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FIG. 4. Calculating an ideal ventriculostomy site. Avascular zones near
Kocher’s point were attainable with minor adjustments to the trajectory
(< 1.0 cm laterally and < 1.0 cm along the anterior/posterior axis) in

all 19 cases of predicted vessel injury. The nearest avascular zone is
indicated by the black dots on the skull. Notably, the coordinates of the
nearest avascular zone differed by patient, underscoring the importance
of patient-specific ventriculostomy planning. Figure is available in color
online only.

of the operating room, represents a real problem. However,
many patients are already undergoing CT angiograms un-
der routine protocol, so the added cost and time could be
solely contingent on digital vessel analysis and the method
of projecting the trajectory. Furthermore, image-guidance
technology is rapidly improving and requiring less equip-
ment and effort by the neurosurgeon. To improve ventricu-
lar placement in a more user-friendly fashion, recent trials
are aiming to use smartphone technology in conjunction
with MR and CT images. In the smartphone VENTRI-
GUIDE trial, an entry point is projected onto the skull
and a rectangular trajectory orientation for the catheter is
displayed as a dotted line; it is simpler than the previous
bulky, expensive equipment.’®?° If venogram data could
be integrated into algorithms for handheld technology,
neurosurgeons may be able to perform bedside ventricu-
lostomy procedures that account for both patient-specific
ventricular and vascular anatomy.

This study was limited in scope to identify the per-
centage of times that Kocher’s point is associated with
potential peril. Because obtaining a venogram on patients
who undergo ventriculostomy is not standard practice in
our department, we were unable to include patients who
underwent CTA/CTV prior to ventriculostomy, and the
studies included were part of a separate preoperative as-
sessment by departmental skull-base surgeons, with mini-
mal overlap in these patient populations. Furthermore, this
cohort had grossly normal ventricular anatomy; patients
with intraventricular hemorrhage may present a greater
challenge due to midline shift, but this further emphasizes
the importance of image-guided ventriculostomy, as im-
aging facilitates navigation of aberrant patient anatomy.
Given these limitations, the study objectives were met,
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and based upon this initial analysis, it may now be pos-
sible to implement protocols that include CTA/CTV in
the pre-ventriculostomy workup and to translate this work
into a prospective study of patients undergoing ventricu-
lostomy. The speed of digital vessel mapping will impact
its adoption, and the development of real-time algorithms
that identify patient-specific ventriculostomy entry sites
are currently underway.

Conclusions

Given the prevalence of ventriculostomy and risk of as-
sociated hemorrhage, a significant number of patients may
benefit from a more strategic procedural method. In the
era of using advanced technology for personalized care,
we underscore the importance of exploring patient-specif-
ic image-guided ventriculostomy that incorporates corti-
cal vessel anatomy, as opposed to the ventricle anatomy
alone. Optimizing image-guided ventriculostomy in this
manner can improve accuracy, reduce complications, and
improve patient care.
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