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Background: Intracranial pressure (ICP) monitoring in traumatic brain injury (TBI) usually requires 
the placement of a catheter into the ipsilateral ventricle. This surgical procedure is commonly performed 
via a freehand method using surface anatomical landmarks as guides. The current accuracy of the catheter 
placement remains relatively low and even lower among TBI patients. This study was undertaken to optimize 
the freehand ventricular cannulation to increase the accuracy for TBI. The authors hypothesized that an 
optimal surgical plan of cannulation should give an operator the greatest degrees of freedom, which could be 
measured as the range of operation angle, range of catheter placement depth, and size of the target area. 
Methods: An imaging simulation was first performed using the computed tomography (CT) images of 
47 adult patients with normal brain anatomy. On the reconstructed 3D head model, four different coronal 
planes of ventricular cannulation were identified: a 4-cm anterior, a 2-cm anterior, a standard (central), and a 
2-cm posterior plane. The degrees of freedom during the cannulation procedure were determined, including 
the relevant angles, lengths of cannulation, cross-sectional area, and bounding rectangle of the lateral 
ventricle. Next, a retrospective assessment was performed on the CT scans of another 111 patients with TBI 
who underwent freehand ventricular cannulation for ICP monitoring. Postoperative measurements were also 
performed based on CT images to calculate the accuracy and safety of catheter placement between coronal 
planes in practice.
Results: Our simulation results showed that the 2-cm anterior plane had more extensive degrees of 
freedom for ventricular cannulation, in terms of length of catheter trajectory (7% longer, P<0.001), cross-
sectional area of the lateral ventricle (14% larger, P=0.046), and length of the lateral ventricle (17% wider, 
P<0.001) than that of the standard plane, while both the 4-cm anterior and 2-cm posterior planes did not 
offer advantages over the standard plane in these ways. The mean length range of catheter trajectory in the 
2-cm anterior plane was 41 to 58 mm. Retrospective assessment of TBI patients with ICP monitor placement 
also confirmed our simulation data. It showed that the accuracy of ipsilateral ventricle cannulation in the 2-cm 
anterior plane was 70.6%, which was a significant increase from 42.9% in the standard plane (P=0.007).
Conclusions: Our imaging simulation and retrospective study demonstrate that different coronal planes 
could provide different degrees of freedom for cannulation, the 2-cm anterior plane has the greatest degrees 
of freedom in terms of larger target area and greater length range of the trajectory. The optimized surgical 
plan in this manner could improve cannulation accuracy and benefit a significant number of TBI patients.
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Introduction

Monitoring of intracranial pressure (ICP) in traumatic 
brain injury (TBI) patients usually requires placement of 
ICP transducer via fiberoptic or micro strain gauge devices 
placed in catheters. The most common placement sites of 
these transducers include the intraventricular space and 
brain parenchyma (1). Although parenchymal ICP provides 
equivalent, statistically similar pressure measurement 
compared to ventricular ICP in all cases and clinical 
settings (1,2), conventional opinions have suggested that the 
ventricular ICP represents a more global and representative 
measurement of pressure throughout the intracranial space 
(3,4). Additionally, ventricular drainage accompanied by 
ICP monitoring has also become generally accepted as a 
valuable adjuvant in the management of refractory ICP 
(2,5). Severe TBI is currently one of the most common 
indications for ventricular cannulation for ICP monitoring 
and simultaneous cerebrospinal fluid (CSF) drainage. Still, 
it also represents the most challenging concern in terms 
of accurate catheter placement. Previous studies using 
image-based neural navigation systems (6-16) reported 
an improved placement accuracy (17,18). However, they 
usually require the registration between the images and the 
patient’s position. These methods are time-consuming and 
expensive. Further, the navigation systems have not been 
widely accessible in many developing or under-developed 
countries and regions (4,19,20). As a result, the freehand 
method using surface anatomical landmarks remains 
the most common and standard method for ventricular 
cannulation (4,20-23).

Ventricular cannulation, also called ventriculostomy or 
external ventricular drain (EVD) placement, is also one of 
the most common neurosurgical procedures performed via 
a freehand method using surface anatomical landmarks as 
guides (24,25). During this procedure, the catheter starts 
its trajectory from a surface anatomical landmark, Kocher’s 
point (21), and follows a straight line determined by the 
intersection of two spatial planes: the sagittal plane through 
the ipsilateral medial canthus (IMC), and the coronal plane 
through two surface anatomical landmarks represented by 
the bilateral external auditory meatus (EAM). When the 
catheter tip reaches the lateral ventricle, CSF usually flows 
out of the catheter tail, and the ICP value is shown on a 
monitoring device, indicating that the procedure has been 
successfully accomplished (10). A detailed illustration of the 
procedure is shown in Figure 1.

Improved device technology has reduced failures and 

inaccuracies due to inherent problems. Still, the success 
rate of ventricular cannulation remains relatively low, 
ranging from 39% to 60% and even lower among TBI 
patients with a slit or atypical ventricle, or midline shift 
(11,21,22,26-30). One possible reason is the origination of 
the surface anatomical landmarks utilized by the surgeons 
during operation (31), including Kocher’s point, IMC, 
and EAM. Some of these points are derived from previous 
experience or knowledge rather than from a detailed 
analysis of the optimal angle or length of the trajectory. 
Previous studies assessing the relative optimal solution of 
different trajectories have largely focused on the varying 
sagittal directions of cannulation determined by several 
anatomical landmarks (32,33), such as IMC, contralateral 
medial canthus (CMC), and nasion. However, knowledge 
regarding another equally important factor for targeting at 
the lateral ventricle, the coronal direction determined by 
EAM or other landmarks, was less reported. 

In this paper, we first performed an imaging simulation 
and then conducted a retrospective study to understand the 
relationship between cannulation accuracy and different 
coronal directions of trajectory. We hypothesized that an 
optimal surgical plan of cannulation should give an operator 
the greatest degrees of freedom, which could be measured 
as the range of operation angle, range of catheter placement 
depth, and size of the target area.

Methods

This retrospective study was approved by the Medical 
Research Ethics Committee of Xiangya Hospital , 
Central South University (No.201307371). Written 
informed consents were obtained from legally authorized 
representatives for all participants that their data might be 
used for future retrospective studies. All subjects’ personal 
identification information has been removed. A group sample 
of 47 patients was randomly selected from the radiograph 
dataset with normal brain reports, regardless of their purpose 
of seeking medical care. CT images of these subjects were 
used to perform an imaging simulation to build a surgical 
plan of cannulation. Then, 111 patients with severe TBI who 
had cannulation for ICP monitoring were retrospectively 
evaluated to validate our proposed surgical plan.

Imaging simulation

Head CT data were collected using thin-cut (1 mm 
thickness, 512 × 512 matrix) CT scans (Siemens, Erlanger, 
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Germany) of 47 randomly selected adult outpatients with 
normal head structures. Mimics software (Materialise 
company, Leuven, Belgium) was used to reconstruct the 2D 
CT slices into 3D. 

To build up a surgical plan of ventricular cannulation 
from CT data, a specific coronal plane was first determined 
by three non-collinear surface landmarks. The standard 
(central) coronal plane was produced using these three 
non-collinear points, Kocher’s point and a pair of EAM. 
These points were previously marked on the surface of the 
scalp and then were used as reference points to reconstruct 
a coronal plane using multiplanar reconstruction (MPR) 
(Figure 1, left). Next, the desired trajectory was determined 
in this coronal plane, starting from Kocher’s point and 
ending in the ipsilateral ventricle (Figure 1, right). Similarly, 
to acquire three more coronal planes that all shared the 
Kocher’s point, three more pairs of points were marked on 
the scalp as well, located horizontally behind and in front 
of the EAM with the separation distance of 2 cm (Figure 2).  
Two centimeters was chosen because surgeons often use 
a thumb-width (almost 2 cm in a typical person) as an 
arbitrary measurement tool during operations. Then these 
four coronal planes, the 4-cm anterior (to EAM, the same 

below) plane, the 2-cm anterior plane, the standard (central) 
plane, and the 2-cm posterior plane could be reconstructed 
through these points.

The parameters related to the cannulation in each 
coronal plane were measured using the same software. Our 
rationale was that the optimal coronal plane would provide 
the widest-angle range (from maximum to minimum), 
longest length range (the difference between the longest 
length and shortest length), and greatest area (see Figure 3).  
As such, the operator would have the greatest degrees of 
freedom and higher accuracy. Using Kocher’s point as the 
vertex of an angle, the difference between the maximum 
angle (maxA) and the minimum angle (minA) that provided 
successful cannulation was measured (34). The maximum 
angle was defined as the angle producing a catheter 
trajectory along the medial edge of the lateral ventricle to the 
midline, while the minimum angle was defined as the angle 
producing a catheter trajectory along the lateral edge of the 
lateral ventricle to the midline (Figure 3A). Furthermore, the 
length range of a successful trajectory could be calculated 
by subtracting the shortest entry length (SL) from the 
longest exit length (LL) (35), which were the distance 
from the dural entry point to the nearest and the farthest 

Figure 1 Volume-rendered CT scan of a patient with normal anatomy. On the left side of the figure, Kocher’s point, and both external 
auditory meatus (EAM) were marked on the scalp. Kocher’s point was approximately 11 cm above the nasion and 3 cm from the midline. On 
the right side of the figure, a coronal plane was reconstructed from three non-collinear points, Kocher’s point, and both EAM. Starting from 
Kocher’s point, the cannulation was simulated in this coronal plane with the target in the ipsilateral ventricle.
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edge of the ipsilateral ventricle, respectively (Figure 3B).  
In addition, in each coronal plane, the cross-sectional area 
of the lateral ventricle representing the possible target 
field was measured (Figure 3C). To describe the geometric 
morphology of the lateral ventricle in the plane, a bounding 
rectangle was drawn closely around it, and the vertical and 
horizontal length of this rectangle was recorded (Figure 3C).

Clinical assessment

The second part of this study was a retrospective clinical 
study to evaluate the accuracy and safety of trajectories 
in the standard plane and other coronal planes. Patients 
suffering from severe closed TBI who underwent freehand 
ventricular cannulation for ICP monitoring in the 
Neurosurgery Department of Xiangya Hospital, Central 
South University, China, between 2015 and 2016 were 

studied. 
To reduce the influence of difference of the mean 

bicaudate index (BCI) between the imaging simulation study 
and clinical study, patients who experienced intracranial 
mass lesion evacuation and/or decompressive craniectomy 
were excluded. These excluded patients generally have a 
slit or atypical ventricle, or midline shift. The data from the 
111 patients who solely underwent the surgical operation of 
ICP monitoring during the hospitalization were included 
(Table 1). Seventeen of 111 (15.3%) patients had CT scan 
of midline shift less than 5mm. Placement of a ventricular 
catheter with a built-in transducer (Codman, New 
Brunswick, US or Sophysa, Orsay, France) was performed 
in freehand style by experienced staff in an operating room 
(OR) under general anesthesia (36). Each case had 1–3 
attempts to be supposed to achieve CSF flow from the 
lateral ventricle; an additional attempt was avoided from 

Figure 2 The upper figure shows the sagittal view of the volume-rendered head. Using the external auditory meatus (EAM) as the point of 
origin (0 cm), three other landmark points and their contralateral points could be acquired on either side of the head, anterior and posterior 
to the external auditory meatus with different separation distances (4 cm, 2 cm and –2 cm). A defined horizontal line in the figure is passing 
through the nasion and external occipital protuberance. Below the volume-rendered head is shown the multiplanar reconstructions of the 
four different coronal planes represented by the green lines above.

4 cm-anterior plane 2 cm-anterior plane Standard plane 2 cm-posterior plane
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causing unnecessary brain insult. The case without CSF 
flow after multiple attempts probably indicated that the 
tip of the catheter was located within brain parenchyma 
other than ventricular spaces (including the ipsilateral, 
contralateral, and 3rd ventricle). Because parenchymal ICP 
is statistically proved similar to ventricular ICP, these cases 
had not been revised until the use of CSF drainage was a 
necessary valuable means to control refractory ICP. 

Among the 111 patients who had ventricular cannulation, 
there were 51 cases (46%) with acute cerebral contusion, 38 
cases (34%) with acute subdural hematoma (SDH), 13 cases 
(12%) with intraventricular hemorrhage (IVH), and 9 cases 
(8%) with subarachnoid hemorrhage (SAH). Regarding the 

side of cannulation, 81 out of 111 (73%) had cannulation on 
the right side and 30 (27%) on the left side as determined 
by the clinical situation. Regarding the choice of coronal 
plane for cannulation, 77 out of 111 patients used the 
current standard procedure in the standard coronal plane, 
and 34 patients used the 2-cm anterior coronal plane to 
cannulate the ipsilateral ventricle. Postoperative CT was 
performed in all patients to confirm accuracy and safety.

Statistical analysis

Results are expressed as the mean ± standard deviation (SD). 
Frequencies and percentages are presented for categorical 

Figure 3 The degrees of freedom during the cannulation procedure. (A) The maximum and minimum angles and (B) the short and long 
lengths of ventricular cannulation demonstrated in one example plane. (C) The cross-sectional area and the bounding rectangle (dotted line) 
of the lateral ventricle. maxA, maximum angle; minA, minimum angle; LL, longest exit length; SL, shortest entry length; E, entry point of 
the dura corresponding to Kocher’s point on the scalp.

CBA

Table 1 Clinical data on 111 patients with TBI

Overall Standard plane 2-cm anterior plane

Patients (number) 111 77 34

Age (years) 48.5 48.3 49.4

Gender (M/F) 85/26 52/25 25/9

Admission diagnosis, n [%]

Contusion 51 [46] 37 [48] 14 [41]

SDH 38 [34] 26 [34] 12 [35]

IVH 13 [12] 9 [12] 4 [12]

SAH 9 [8] 5 [6] 4 [12]

TBI, traumatic brain injury; SDH, subdural hematoma; IVH, intraventricular hemorrhage; SAH, subarachnoid hemorrhage.
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variables. Normal distribution and homogeneity of variances 
were tested using the Shapiro-Wilk and Levene method, 
respectively. In the imaging simulation portion of the study, 
the significance of differences between the four groups 
was evaluated by one-way analysis of variance (ANOVA) 
followed by Dunnett’s test for multiple comparisons. In the 
retrospective clinical part, differences between groups were 
assessed by the Chi-Square test. Analyses were done with 
SPSS (IBM, NY, US) statistical analysis software. Tests were 
two-tailed tests, and P values less than 0.05 were considered 
significant after Bonferroni correction. 

Results

In the imaging simulation with normal CT data from 47 
patients, the mean BCI was 0.141±0.128, which was the 
ratio of the width of both lateral ventricles to the distance 
between the inner tables of the skull at the level of the head 
of the caudate nucleus. After a total of 188 coronal planes 
were reconstructed by MPR, the simulation of ventricular 
cannulation was performed on the right side of the brain in 
each coronal plane, which is the default side for operating 
because it does not control language function. During 
this process, the cross-sectional area, minA, maxA, angle 
range, SL, LL, and length range were measured. The data 
from the standard plane served as the control group, and 
a Dunnett’s test was used after the ANOVA to identify the 
pairs with significant differences (Figure 4). The cross-
sectional area of the bilateral ventricles, representing the 
target field of ventricular cannulation, was larger in the 
standard plane than in the 4-cm anterior and 2-cm posterior 
plane, but 14% smaller than in the 2-cm anterior plane 
(189.2±59.6 vs. 215.4±53.5 mm2, P=0.046). The maxA, 
the minA, and the angle range did not achieve statistical 
significance between the 2-cm anterior and the standard 
plane. The 4-cm anterior plane had the smallest angle range 
of ventricular cannulation among these four planes. The LL 
and the length range in the 2-cm anterior plane were both 
longer than that in the standard plane, while the SL had no 
significant difference among these four planes. The vertical 
distance of the bounding rectangle closely around the 
lateral ventricle was 17% greater in the 2-cm anterior plane 
than in the standard plane (17.37±2.91 vs. 14.88±2.64 mm, 
P<0.001), but the horizontal distance was not statistically 
significant. Because the 4-cm anterior and 2-cm posterior 
planes did not offer advantages over the standard plane, 
specific comparisons between only the 2-cm anterior plane 
and the standard plane are demonstrated in Table 2. 

In the retrospective study of 111 TBI patients’ data, 
each patient had only one catheter placed during the 
hospitalization. The postoperative CT scan showed that 
57 catheter tips were successfully placed into the ipsilateral 
ventricle, 7 in the contralateral ventricle, 10 in the third 
ventricle, and 37 in extra-ventricular spaces (Table 3). 
These 37 cases were not revised after the postoperative 
CT scan because either ventricular or parenchymal ICP 
could serve for the same purpose of ICP monitoring (37). 
Cannulation was performed in the standard plane in 77 of 
111 patients; of these, only 33 cannulas were placed into 
the ipsilateral ventricle, yielding an accuracy of ipsilateral 
ventricle placement of 42.9% (33/77). Cannulation was 
performed in the 2-cm anterior plane for 34 patients, 24 of 
whom had cannula placement into the ipsilateral ventricle, 
yielding an accuracy of 70.6% (24/34) (Figure 5). Our 
evaluation criterion for accuracy was more rigid than other 
standards because it was defined by whether the catheter 
tip was located inside the ipsilateral ventricle. The mean 
BCI of these 111 patients was 0.129±0.082 and had no 
significant difference with our previous imaging simulations 
(0.129±0.082, N = 111, vs. 0.141±0.128, N = 47, P=0.517). 
The burr hole location, which is the distance between 
midline and the center of the burr hole on the outer surface 
of the skull, was 2.71±0.33 cm, having no significant 
difference with 3 cm (P=0.09). A total of 5 patients (4.5%) 
demonstrated hemorrhage along the catheter path on 
postoperative CT scans, and none of them was significant 
hemorrhage; 3 of these (3.9%) were cannulated using the 
standard plane and 2 (5.9%) using the 2-cm anterior plane. 

Discussion

The question addressed by the present study was whether 
there was an optimal surgical plan for ventricular 
cannulation, which could give an operator the greatest 
degrees of freedom, leading to a better probability of 
successful cannulation. The main finding of our study was 
that the 2-cm anterior plane is a more optimal plane for 
cannulation with a larger target area and greater length 
range than the standard coronal plane used most often 
today. The accuracy of cannulation in this new coronal 
plane has been increased by about 28%, as demonstrated in 
patients cannulated in this study.

Determination of optimum operating plane

In the imaging simulation part, we found that cannulation 
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Figure 4 Parameters of cannulation simulation were measured in different coronal planes. The standard plane served as a baseline to 
compare with other three coronal planes by the Dunnett’s test, respectively. The 2-cm anterior plane had larger cross-sectional area and 
greater length range than the standard plane. The angle range between the 2-cm anterior and the standard plane had no statistical difference. *, 
P<0.05; **, P<0.01.
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in the 2-cm anterior plane offers improvements in several 
parameters that could make the catheter tip more likely 
to be accurately placed into the ipsilateral ventricle. By 
measuring these geometric parameters among the four 
coronal planes investigated here, we detected two primary 
parameters which could explain the advantages of the 
2-cm anterior plane. One advantage is the increased length 
range for successful cannulation. The LL of ventricular 
cannulation was 7% greater in the 2-cm anterior plane than 
the standard plane, while the SL was similar, demonstrating 
a greater length range that will result in successful 
placement within the ventricle. Another observed advantage 

is the cross-sectional area of the lateral ventricle, which is 
about 14% larger in the 2-cm anterior plane than in the 
standard plane. The increased cross-sectional area in the 
target field of ventricular cannulation means that there is a 
greater probability of placing a catheter tip into the lateral 
ventricle. 

Degrees of freedom

Ventricular cannulation is a core neurosurgical procedure 
that is commonly performed by young doctors. As these 
young doctors gain experience, the accuracy of their 

Table 3 Summary of clinical study between the 2 cm-anterior and the standard plane

Variables Total 2-cm anterior plane Standard plane P value

Cases 111 34 77

BCI 0.129±0.082 0.127±0.067 0.130±0.088 0.908

Location of catheter tip: n (%) 0.022*

Ipsilateral V. 57 (51.4) 24 (70.6) 33 (42.9)

Contralateral V. 7 (6.3) 3 (8.8) 4 (5.2)

Third V. 10 (9.0) 2 (5.9) 8 (10.4)

Extra-ventricular 37 (33.3) 5 (14.7) 32 (41.6)

Accuracy: % 51.4 70.6 42.9 0.007*

Postoperative Hemorrhage: n (%) 5 (4.5) 2 (5.9) 3 (3.9) 0.642

*, statistically significant P values. BCI, bicaudate index; V., ventricle.

Table 2 Summary of imaging simulation between the 2 cm-anterior and the standard plane

2cm-anterior plane Standard plane P value

Area of LV 215.37±53.46 189.22±59.64 0.046*

maxA 36.32±1.50 36.42±1.63 0.988

minA 24.98±3.83 26.03±3.38 0.196

Range of angle 11.34 ±3.70 10.39±3.02 0.246

LL 58.01±1.93 54.16±2.40 <0.001*

SL 39.71±3.17 41.07±3.74 0.102

Range of length 18.29±3.02 13.09±3.79 <0.001*

Bounding rectangle

Vertical 17.37±2.91 14.88±2.64 <0.001*

Horizontal 24.06±5.28 22.73±5.07 0.217

*, statistically significant P values. LV, lateral ventricle; maxA, maximum angle; minA, minimum angle; LL, longest exit length; SL, shortest 
entry length.
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cannulation would be expected to improve (4,28,30). 
Practicing with more degrees of freedom for cannulation 
may indicate a favorable case for catheter placement 
accuracy in which the target field is physically larger. Once 
the coronal plane has been confirmed, the angle and length 
of cannulation determine the probability of successful 
placement of the catheter into the ipsilateral ventricle. 
The angle of cannulation depends on the width of the 
lateral ventricle in this coronal plane and ranges from the 
minimum angle to the maximum angle. The length of 
cannulation relies on the height of the lateral ventricle. The 
length range is ideally shorter than the longest exit length 
and longer than the SL (Figure 3). In our study, there was 
no difference in either the maximum or minimum angle of 
cannulation between the 2-cm anterior and the standard 
plane. However, the longest exit length between these two 
planes did show a difference. It implied that the lateral 
ventricle probably had a morphological difference between 
the two planes. A bounding rectangle closely drawn around 
the lateral ventricle demonstrated that the vertical distance 
of the lateral ventricle in the 2-cm anterior plane was 17% 
greater than that in the standard plane, while the horizontal 
distance had no difference. This morphological difference 
suggests that the catheter tip has a greater probability of 
being successfully placed in the vertical direction in the 2-cm 
anterior plane.

Our study showed that the recommended length range 
of cannulation in the 2-cm anterior plane was 41 to 58 mm, 
which was the mean value calculated by normal CT data. 
The length range of cannulation could be derived from the 

actual measurement in the 2-cm anterior plane after the 
multiplanar reconstruction of CT scans for each patient. 
It would be more accurate than the mean value because of 
individual differences between patients. During ventricular 
cannulation, we suggest regarding the length range as 
the safe range to cannulate. If the path of cannulation 
was greater than 58 mm or the actual patient’s value, the 
catheter tip might depart from the ipsilateral ventricle and 
end up in the contralateral, or third ventricle, or extra-
ventricular space. This length range seemed less than earlier 
studies (21,35), but had greater consistency than these 
previous studies because of the difference in the definition 
of length range of cannulation. Previous studies used the 
skull surface as the starting point of the length, while our 
study used the dural surface because this was a convenient 
way for operators to identify the scale of a catheter during 
surgical operations. The difference in our reported length 
of cannulation and that of previous studies is approximately 
the thickness of the skull, as would be expected from this 
difference in measuring.

Choice of definition for accuracy

The accuracy of ventricular cannulation in the 2-cm 
anterior plane was shown to be increased compared to 
the standard plane in our retrospective clinical study. The 
definition of the accuracy of ventricular cannulation varies in 
different studies and their procedural purposes. Depending 
on varied purposes, ventricular cannulation could have 
different requirements than that of the measurement 

Figure 5 The postoperative CT scan of a traumatic brain injury (TBI) patient. The left part of the figure shows the 2-cm anterior plane (white 
line) on the sagittal view of the CT scan. On the right, an intracranial catheter for intracranial pressure (ICP) monitoring and cerebrospinal 
fluid (CSF) drainage placed directly into the ipsilateral ventricle in the 2-cm anterior plane. 
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of ICP. Kakarla et al. (28) and Hayhurst et al. (38)  
proposed a 3-grade score system based on the position of 
the catheter tip. O’Leary et al. (39) and Huyette et al. (21)  
defined the accuracy by measurement of the distance 
between the interventricular foramen and the catheter tip. 
Bogdahn et al. (40) thought the accuracy should be defined 
by the effectiveness of CSF drainage. In contrast, our study 
focused on improving the current freehand method to 
place the catheter tip directly into the ipsilateral ventricle 
rather than other brain structures, such as the contralateral 
ventricle, third ventricle, interhemispheric fissure, or other 
extra-ventricular spaces. Therefore, we defined the accuracy 
by whether the catheter tip was located inside the ipsilateral 
ventricle. Obviously, this accuracy seems more stringent 
than other evaluation criteria of earlier studies. If we 
revaluated their data following our criterion, the accuracy 
of ipsilateral ventricle cannulation would vary from 39% to 
60% (11,21,22,26-30). However, all of these data included 
hydrocephalus patients with a BCI of more than 0.19, 
which means the patients have expanded ventricle systems 
(39,41). In these patients, enlarged ventricles would mean 
an increased target and facilitate successful cannulation, 
leading to an overestimation of the accuracy when applied 
to patients with normal BCI. Our results in trauma patients 
with a normal BCI of about 0.13 showed that the accuracy 
of ipsilateral ventricle cannulation was 42.9% when using 
the standard plane and 70.6% when using the 2-cm anterior 
plane, representing a noticeable improvement. 

Iatrogenic hemorrhage during cannulation

Intracranial hemorrhage along the catheter path during 
cannulation is a well-recognized complication, which 
should deserve attention as equally as cannulation accuracy. 
However, most imaging simulation studies have a primary 
outcome of ventricular catheter tip location, while the 
corresponding complication may be considered as a second 
outcome. Reported hemorrhage rates are widely variable 
from different studies, ranging from 1% to 41% (42,43), 
of which two-thirds were associated with misplaced 
catheters (44). These data underscore a need to optimize 
cannulation techniques to safe catheter placement. Our data 
demonstrated the cannulation in the 2-cm anterior plane 
was as safe as in the standard plane, without any increase 
in intracranial hemorrhage risk. During cannulation in our 
study, operators generally identify major cortical vessels 
beneath the dura through naked eyes, which remains the 
principal method used to avoid vascular injury. Robertson 

et al. (45) recently reported an imaging simulation study 
using CT angiography (CTA) (46) with venography (CTV) 
data to identify potential cortical vessels, which suggested 
a method might lessen the risk of intracranial hemorrhage 
during cannulation in theory. It may be possible to 
implement our optimized surgical plan accompanied by 
CTA/CTV data in the ventricular cannulation, in this 
manner, it could improve accuracy and simultaneously 
reduce iatrogenic hemorrhage.

Clinical applications

To practice the optimized surgical plan as this study 
presented, only a slight change is needed: making a thumb-
width (2 cm) forward movement from the EAM to mark 
a 2-cm anterior EAM point as the reference point of the 
coronal plane. Then starting with Kocher’s point, imagine 
an intersection line of the sagittal and coronal plane as a 
trajectory for cannulation. This method could provide not 
only higher accuracy of cannulation than the conventional 
method into the ventricle, but also potential drainage of 
CSF from the ventricular structure, if necessary, to help 
relieve the ICP in severe brain trauma patients. This 
new method could also be widely used among patients 
with normal BCI, not only trauma patients but also other 
patients who need ventricular ICP monitoring or CSF 
drainage.

Limitations and future work

Kocher’s point we chose in this study is widely used in 
literature (11 cm posterior to nasion and 3 cm lateral to 
the midline), although different definitions of Kocher’s 
point exist (23,25,32). The use of a fixed entry point (burr 
hole) may be perceived as a limitation. The surgical plan 
mainly depends on the entry point, but in practice during 
the cannulation, this anatomical landmark is not necessarily 
to be used by all operators. We still need to consider other 
entry points to enhance robustness, such as mid-pupillary 
line and 2 cm from the midline. Another limitation is that 
we focused only on normal BCI patients. It lacks another 
group of severe TBI patients with a slit or atypical ventricle, 
or midline shift. As a result, the result of this study will 
only apply to TBI patients with normal BCI. Furthermore, 
the conditions under which the freehand cannulation 
performed was in the OR. Though OR could better avoid 
environmental contamination, we still need to consider 
other complex conditions in the future, like at the bedside 
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in the emergency department or intensive care unit. 
This is a retrospective study that could provide limited 

evidence to support our surgical plan proposed by the 
imaging simulation. In the future, the results can be 
significantly enhanced by a well-designed prospective 
study by including different cohorts of patients for various 
procedures, in a larger scale: ICP monitoring for severe TBI 
patients, EVD for IVH, and ventriculoperitoneal shunt for 
hydrocephalus. Further to test the accuracy of our proposed 
freehand operation, it will also be ideal to compare it with 
surgical navigation-assisted operations in prospective 
studies.

Conclusions

This study centered on the effect of different anatomical 
landmarks to build up an optimized surgical plan for 
cannulation. Our imaging simulation and retrospective 
study demonstrate that different coronal planes could 
provide different degrees of freedom for cannulation, the 
2-cm anterior plane has the greatest degrees of freedom in 
terms of larger target area and greater length range of the 
trajectory. The optimized surgical plan in this manner could 
improve cannulation accuracy and benefit a significant 
number of TBI patients.
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