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a b s t r a c t

Ventriculostomy placement is a life-saving procedure. Our aim was to determine the predictors of inac-
curate placement, our infection and hemorrhage rate. This was a retrospective study of EVD placements
between January - November 2019. Data related to hemorrhage, infection and catheter misplacement
were collected. Univariate and multivariate analyses of predictors of suboptimal catheter placement were
performed. 131 consecutive patients underwent freehand EVD placement. The indications were sub-
arachnoid hemorrhage in 36 (27.5%) patients, hemorrhagic stroke in 36 (27.5%), and trauma in 32
(24.4%) patients. Nine patients (6.8%) had culture-proven CSF bacterial infection. Sixteen (12.2%) patients
developed small tract hemorrhage, while 8 (6.1%) patients developed large intraparenchymal hemor-
rhage. There was no correlation between tract hemorrhage or large hemorrhage with the use of antipla-
telet or anticoagulation medicines on presentation, diagnosis or Kakarla grade. Trauma diagnosis (odds
ratio 2.59, p-value 0.05), left side of EVD placement (odds ratio 2.84, p-value 0.03), increasing midline
shift (odds ratio 1.09, p-value 0.03), and lower bicaudate index (odds ratio 0.56, p-value 0.02) were all
predictors of Kakarla grade 3 suboptimal placement. When Kakarla grade 2 and 3 were combined, similar
results were obtained except that midline shift was no longer statistically significant. The multivariable
regression model predicting Kakarla 3 suboptimal placement revealed that low bicaudate index and left
sided EVD were predictors of misplaced EVD.

� 2022 Elsevier Ltd. All rights reserved.

1. Introduction

Frontal external ventricular drain (EVD) placement is the gold
standard for monitoring intracranial pressure and managing acute
hydrocephalus. This life-saving procedure is commonly performed
by a neurosurgery resident at the bedside without neuro-
navigation, making it prone to increased complication rate.

EVD placement remains the most common procedure per-
formed in our neurosurgical intensive care unit (ICU). Complica-
tions including hemorrhage, infection and misplacement have
been followed with interest for decades. Several risk factors for
hemorrhage and infection have been recognized and protocols

were placed to improve outcomes [1]. In terms of
ventriculostomy-related infection, antibiotics-impregnated cathe-
ters, pre-procedural dose of antimicrobial agents, EVD duration
and manipulation of the closed system were largely debated in ret-
rospective studies. The rates of infection varied from 0% to 40%
based on the institutional criteria for diagnosis of device-related
cerebrospinal fluid (CSF) infection [2]. Intracranial hemorrhage is
another complication that may be associated with EVD placement
or withdrawal. In 2009, a meta-analysis on hemorrhagic complica-
tions of ventriculostomy placement reported an overall hemor-
rhage risk of 5.7% [3]. This study also reported a 0.61% rate of
clinically significant hemorrhage and found that in studies which
used routine post-placement CT scans, the hemorrhage rate was
10.06% vs. 1.53% in those that did not utilize post-placement CT
scans. Another meta-analysis in 2011 demonstrated an overall
hemorrhagic complication rate of 7% and a 0.8% of hemorrhages
were deemed clinically significant by the authors [4].

The rate of accurate catheter placement ranges from 40% to 80%
[5–7]. EVD placement is well recognized as an important skill in
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neurosurgical training but less frequently discussed in the litera-
ture. Therefore, we designed a study to mainly determine the pre-
dictors of catheter misplacement, and report on our hemorrhage
and infection rate.

2. Methods

Institutional Review Board (IRB protocol number: 53002)
approval for viewing images and medical records of patients
undergoing external ventricular drain placement was obtained
before the initiation of this retrospective study which was compli-
ant with the Health Insurance Portability and Accountability Act
(HIPAA). Written informed consent was waived.

Hospital records were searched retrospectively for patients who
had undergone external ventricular drain (EVD) placement at the
University of Kentucky Albert B. Chandler Hospital between Jan-
uary 1st-November 30th, 2019. Inclusion criteria were: patients
with EVD performed at the bedside by a neurosurgery resident.
Exclusion criteria were: non-frontal ventriculostomy placement,
shunt at the same surgical site, previous EVD or patients without
a post-procedure CT scan.

We performed a literature review on EVD complications follow-
ing PRISMA guidelines to identify the data variables closely related
to catheter misplacement, post-procedure hemorrhage and post-
procedure infections. Details of the literature review are not
reported in this article because it was only intended to help iden-
tify the variables for the study. Hospital charts were reviewed for
demographics, indication for ventriculostomy placement, pre-and
post-procedure platelets anti-aggregation and anti-coagulation
medicines, and methamphetamine use. Patients on anti-
coagulation medicines were reversed according to hospital phar-
macy protocols. Patients on antiplatelets were given one or two
units of platelets prior to EVD placement.

Laboratory studies were reviewed for all cerebrospinal fluid
(CSF) samples and peri-procedural (a day before, the day of and
day after the procedure) blood, urine and respiratory cultures.
CSF cultures and gram stains, CSF nucleated cells, and CSF glucose
levels were studied. Pre-procedural CT scans were reviewed by a
PGY-4 neurosurgery resident to calculate the bicaudate index.
We chose to have a neurosurgery resident rather than a radiologist
calculate this because it is not a standardly reported finding by
radiology. Rather, it would be a clinically applicable index used
‘at the bedside’ by neurosurgery providers. Pre- and post-
procedure midline shift (MLS), catheter location, and type of
catheter-related hemorrhage (small tract, or large intraparenchy-
mal hemorrhage) were extracted from the radiology reports.

At our medical center, ventriculostomies are typically placed by
junior neurosurgical residents (PGY 1, 2, 3) under direct supervi-
sion. When EVD placement does not result in reliable CSF drainage,
a CT scan is obtained to evaluate the location of the catheter and
rule out hemorrhage. EVDs are typically placed at Kocher’s point
without Ghajar guide or image guidance. Kocher’s point is identi-
fied by measuring 10–11 cm from nasion in the sagittal plane
and then measuring 3–4 cm from midline in the coronal plane.
The insertion site is shaved with a clipper, prepared and draped
in a sterile fashion. The catheter exits the scalp at a depth of
approximately 5 cm. Patients do not receive antibiotics specifically
for EVD placement, and the catheters are not impregnated with
antibiotics. Catheter-related infection was defined with a positive
CSF culture only. Post-procedure CT scans are not routinely per-
formed in our department unless clinically indicated.

A series of univariate and multivariate logistic regression anal-
yses were performed to investigate the relationship between clin-
ical characteristics and suboptimal EVD placement. We used
Kakarla grading system to analyze our data [6]: Grade 1, optimal

placement in the ipsilateral frontal horn; Grade 2, functional place-
ment in the contralateral lateral ventricle; and Grade 3, placement
in eloquent cortex or cerebrospinal fluid cisterns, with or without
functional drainage. For one set of analyses, suboptimal placement
was defined as a Kakarla grade 3. Next, a sensitivity analysis was
performed to determine how changing the definition of suboptimal
placement impacted findings by including Kakarla grade 2 and
Kakarla grade 3 together. Multivariable logistic with regression
was performed to predict suboptimal placement (Kakarla 3). All
variables that were statistically significant in the univariate analy-
sis were included in the multivariable model. For continuous pre-
dictors of suboptimal placement (e.g., MLS and bicaudate index), a
receiver operating characteristic (ROC) analysis was performed to
determine optimal cut off points for maximizing sensitivity and
specificity. All analyses were performed with SAS version 9.4
(SAS Institute, INC). Statistical significance was defined as p � 0.05.

3. Results

Table 1 presents the descriptive statistics for the 131 consecu-
tive patients who underwent freehand frontal EVD placement at
a virgin surgical site. The average age was 47.9 (SD = 20.1; range
1 – 87), and 56 (42.7%) patients were female. The indications for
the procedure were: subarachnoid hemorrhage in 36 (27.5%)
patients, hemorrhagic stroke in 36 (27.5%) patients, trauma in 32
(24.4%) patients and other diagnoses in 27 (20.6%) patients.

3.1. Accuracy of EVD placement

3.1.1. Kakarla Grade 3
Of the 131 EVD placements, the majority received a Kakarla

grade 1 (n = 95; 72.5%). Fourteen (20.7%) patients received a
Kakarla grade 2, and 22 (16.8%) patients received a Kakarla grade
3. The first portion of Table 2 presents the clinical variables related
to suboptimal EVD placement, where suboptimal placement is
defined as a Kakarla grade 3. All EVDs with Kakarla grade 3 were
functional. Trauma diagnosis, side of EVD placement, midline shift,

Table 1
Characteristics of patients who underwent EVD
placement.

Age, mean (SD) 47.9 (20.1)
Sex
Male 75 (57.3%)
Female 56 (42.7%)
Diagnosis (Main Groups)
Trauma 32 (24.4%)
SAH 36 (27.5%)
Hemorrhagic Stroke 36 (27.5%)
Other diagnoses 27 (20.6%)
Diagnosis (including subgroups)
1a: Trauma-cerebral edema 14 (10.7%)
1b: Trauma + IPH 16 (12.2%)
1c: Trauma + IPH + IVH 2 (1.5%)
2a: SAH Only 24 (18.3%)
2b: SAH + IVH 9 (6.9%)
2c: SAH + IVH + IPH 3 (2.3%)
3a: Hemorrhagic stroke only 4 (3.1%)
3b: Hemorrhagic stroke + IVH 32 (24.4%)
4: Tumor 12 (9.2%)
5: Infection 7 (5.3%)
6: External hydrocephalus 1 (0.8%)
7: CSF leak 1 (0.8%)
8: Posterior fossa stroke 4 (3.1%)
9: shunt failure 2 (1.5%)
Kakarla Score
1 95 (72.5%)
2 14 (10.7%)
3 22 (16.8%)
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and bicaudate index were all related to suboptimal EVD placement,
though trauma diagnosis was at the nominal cutoff of a = 0.05.
Suboptimal placement was more likely for those with a trauma
diagnosis or a left-sided EVD placement. Larger degrees of midline
shift were also directly related to the probability of a suboptimal
placement. Larger bicaudate indices were associated with a lower
odds of suboptimal placement; an increase in the bicaudate index
of one standard deviation (0.07 units) was associated with a 44%
reduction in the odds of suboptimal placement.

An ROC analysis was additionally performed for midline shift
and bicaudate index to assess the utility of different cut points. A
cut point of 0.13 for the bicaudate index resulted in a sensitivity
of 0.64 and a specificity of 0.63 (Area Under the Curve = 0.66,
p = 0.015). No cut points on midline shift achieved a sensitivity
greater than 0.33, but using a cut point of 1 cmwas associated with
a sensitivity of 0.33 and specificity of 0.80 (Area Under the
Curve = 0.58, p = 0.185).

A stepwise selection for the multivariable logistic with regres-
sion resulted in two variables being selected in the final model:
bicaudate index and EVD side. Individuals who had an EVD on
the left side were more likely to have suboptimal placement
(Kakarla grade 3) than those on the right (OR = 3.22; 95% CI:
1.13 – 9.22; p = 0.029). Higher levels of the bicaudate index were
associated with lower rates of suboptimal placement. For an
increase of one standard deviation in the bicaudate index
(SD = 0.07), the rates of suboptimal placement were nearly halved
(OR = 0.53; 95% CI: 0.31 – 0.90; p = 0.019). In the multivariable
model, trauma diagnosis was found to be highly correlated with
the lower bicaudate index and consequently was dropped out of
the model. When both were included, the regression estimates
became unstable due to multicollinearity, therefore only bicaudate
index was selected.

3.1.2. Kakarla grade 2 and 3
Similar results are obtained when suboptimal placement is

defined as Kakarla grade 2 and 3, presented in the latter half of
Table 2. However, midline shift was no longer significantly related
to suboptimal placement. Suboptimal placement was between two
to three times more likely for those with a trauma diagnosis or a
left sided EVD placement. Larger bicaudate indexes were associ-
ated with lower odds of suboptimal placement – a standard devi-
ation increase was associated with a 35% reduction in the odds of
suboptimal placement.

An ROC analysis for the bicaudate index found that a cut point
of 0.20 was associated with high sensitivity, 0.85, but low speci-
ficity at 0.33 (Area Under the Curve = 0.61, p = 0.037).

3.2. Hemorrhage

Of the 131 EVD placements, 16 (12.2%) developed small tract
hemorrhage, 8 (6.1%) developed large intraparenchymal hemor-
rhage; thus, 24 (18.3%) developed any hemorrhage. No EVD place-
ment resulted in isolated new intraventricular hemorrhage. Any

hemorrhage that is more than a small amount of blood identified
by radiology along the tract of the EVD catheter was categorized
under large/intraparenchymal hemorrhage. None of the patients
with intraparenchymal hemorrhage required surgical intervention.
Trauma diagnosis, Kakarla score, EVD placement side, MLS bicau-
date index, and preoperative medicines including antiplatelets
and anticoagulant medicines were all investigated for any associa-
tion with hemorrhage. However, none of these variables were sig-
nificantly related to the presence of any type of hemorrhage
(Table 3).

Table 2
Univariate predictors of suboptimal placement.

Predictor Kakarla grade 3 Kakarla grade 2 and 3

Odds Ratio p-value Odds Ratio p-value

Trauma Diagnosis 2.59 (0.99–6.80) 0.054 2.72 (1.17–6.33) 0.020
Left-Side EVD Placement 2.84 (1.07–7.57) 0.037 2.54 (1.07–6.07) 0.035
Midline shift1 1.09 (1.01–1.19) 0.038 1.07 (0.99–1.16) 0.092
Bicaudate Index2 0.56 (0.34–0.92) 0.022 0.65 (0.44–0.98) 0.041

1 Per 1 unit increase
2 Per 0.07 unit increase

Table 3
Analysis of post-procedural hemorrhage in patients with EVD placement. Small/tract
Hemorrhage

Predictor Odds Ratio p-value

Side of EVD (ref = R) 0.47 (0.10–2.20) 0.336
Midline Shift 0.97 (0.85–1.11) 0.662
Bicaudate index 0.94 (0.56–1.56) 0.799
Diagnosis
SAH vs Trauma 1.13 (0.28–4.63) 0.643
Hemorrhagic Stroke vs Trauma 1.13 (0.28–4.63) 0.643
Trauma vs Other 0.56 (0.09–3.32) 0.403
Kakarla grade
1 vs 3 3.63 (0.45–29.19) 0.181
2 vs 3 1.62 (0.09–28.12) 0.888
Preop Medicine
Anticoagulation vs None 0.87 (0.10–7.54) 0.948
Antiplatelets vs None 0.87 (0.23–3.12) 0.93

Large/intraparenchymal Hemorrhage
Predictor Odds Ratio p-value
Side of EVD (ref = R) 1.10 (0.21–5.76) 0.911
Midline Shift 1.05 (0.93–1.19) 0.446
Bicaudate index 1.44 (0.74–2.82) 0.2857
Diagnosis
SAH vs Trauma 1.82 (0.15–21.11) 0.953
Hemorrhagic Stroke vs Trauma 1.82 (0.15–21.11) 0.953
Trauma vs Other 3.88 (0.38–39.63) 0.221
Kakarla Score
1 vs 3 1.42 (0.16–12.40) 0.898
2 vs 3 1.62 (0.09–28.12) 0.795
Preop Medicine
Anticoagulation vs None 8.76 (1.25–61.42) 0.099
Antiplatelets vs None 3.83 (0.73–20.20) 0.743

Any type of hemorrhage
Predictor Odds Ratio p-value
Side of EVD (ref = R) 0.64 (0.20–2.06) 0.454
Midline Shift 1.01 (0.91–1.11) 0.903
Bicaudate index 1.10 (0.72–1.68) 0.651
Diagnosis
SAH vs Trauma 1.30 (0.37–4.60) 0.829
Hemorrhagic Stroke vs Trauma 1.30 (0.37–4.60) 0.829
Trauma vs Other 1.23 (0.32–4.89) 0.96
Kakarla Score
1 vs 3 2.67 (0.58–12.38) 0.218
2 vs 3 1.67 (0.21–13.43) 0.981
Preop Medicine
Anticoagulation vs None 2.67 (0.60–11.85) 0.309
Antiplatelets vs None 1.52 (0.53–4.41) 0.908
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3.3. Infection

Sixty-eight patients (51.9%) had at least one CSF sample col-
lected as part of fever or infection work-up. Nine patients (6.8%
of patients) had a culture-proven CSF bacterial infection. Species
included Staphylococcus epidermidis (N = 4), Staphylococcus aur-
eus (N = 3), Weissella confusa (N = 1), and Cupriavidus pauculus
(N = 1). Among the patients with bacterial meningitis, all CSF
nucleated cells were elevated (median: 430/mL, range: 12–3505/
mL), and CSF glucose levels were low (median: 40 mg/dL, range:
3–73 mg/dL) except for 2 patients – one infected with Weissella
confusa and one infected with Staphylococcus epidermidis. None
of the patients with bacterial meningitis presented to the hospital
with positive methamphetamine on their urine drug screen; 3
patients (33.3%) had associated positive blood cultures, and 2
patients (22.2%) had associated positive urine cultures.

4. Discussion

The optimal location of the ventriculostomy catheter tip is in
the ipsilateral frontal horn of the lateral ventricle close to the fora-
men of Monroe (Kakarla grade 1). This was achieved in 72.5% of
EVD placements whereas 16.8% of placements were deemed inac-
curate (Kakarla 3). Several variables were found to be statistically
related to inaccurate EVD placement (Kakarla grade 3) including:
trauma diagnosis, low bicaudate index, high midline shift and
left-sided placement. When all are included in a multivariable
model with regression, trauma diagnosis drops out due to multi-
collinearity with bicaudate index and only left-sided placement
and bicaudate index remain statistically significant.

Among other studies, the desired target of EVD was achieved in
40% [5], 73% [8], 77% [6] of placements. Inaccurate placement leads
to significantly higher revision rate [5] and insertional injury to
eloquent brain structures similar to what is observed in Deep Brain
Stimulator (DBS) microlesioning effect [9]. However, the clinical
sequelae of suboptimal EVD placement is difficult to isolate from
the main pathology and some studies report no clinical morbidity
associated with misplaced catheter [6].

The bicaudate index, ratio of width of two lateral ventricles at
the level of the head of the caudate nucleus to the distance
between outer tables of skull at the same level, is a novel radio-
graphic predictor of EVD misplacement. It was selected over Evans
ratio to reflect the volume of the desired target (frontal horn) espe-
cially in patients with cerebral edema or compressed frontal horns.
To our knowledge, low bicaudate index was never reported as a
predictor of EVD misplacement before.

Guidance devices:
Freehand EVD placement is a blind procedure that relies on the

operator’s ability to visualize the anatomy of the ventricles espe-
cially when they are displaced. One way to improve the accuracy
of EVD placement is to use navigation system. Shtaya et al. demon-
strated lower complication rates and higher optimal EVD location
with image guidance when compared to freehand technique. Their
results were especially significant when the ventricles were small
[10]. Other examples of navigation systems that showed superior
results to freehand technique are: CT scan guidance [11], bedside
electromagnetic neuro-navigation guidance [12], bedside wearable
mixed-reality technology [13], integrated flat detector CT with flu-
oroscopic guidance (iGuide) [14], and Smart Stylet guidance [15].

Patients with traumatic brain injury are often young with base-
line small ventricles and fully developed brains occupying the
entire cranial vault. As we age, our brain parenchyma atrophies
allowing the ventricles to enlarge. Our study found a significant
correlation between high bi-caudate index and older patients
(r = 0.448, p < 0.001). Trauma patients require an EVD for ICP mon-

itoring in the setting of cerebral edema, or hydrocephalus. TBI-
related acute coagulopathy is also a problem that is extensively
documented to associate with delayed brain injury and poor out-
comes [16,17]. It is primarily due to hemodilution and fluid resus-
citation followed by a course of disseminated intravascular
coagulation [18]. In this study, our trauma subgroup had a signifi-
cantly higher misplaced catheters (Kakarla grade 3) calculated to
be 28.1% of TBI patients with EVD which is close what Kakarla
et al. and other researchers reported [6]. Post-EVD hemorrhage;
however, was not significantly higher in the trauma population.

There was no correlation between post-procedural hemorrhage
and the use of antiplatelet or anticoagulation medicines on presen-
tation, Kakarla grade or diagnosis (Table 3). Several articles have
investigated the same questions but the conclusion is still unclear.
Leschke et al. 2017 reported that there was not a significant differ-
ence in hemorrhage rates between patients taking anti-platelet
medication at presentation and those who were not on anti-
platelet medication. They reported that 25% of patients on anti-
platelet medication experienced post-EVD hemorrhage compared
to 14.3% that were not on the anti-platelet medication (p = 0.29)
[19]. Similarly, Yuen et al. 2018 conducted a retrospective study
and reported that anticoagulation/antiplatelet use did not increase
the rate of hemorrhage at their center [20].

Catheter-related CSF infection is difficult to define especially in
the presence of intracranial hemorrhage [21]. Our study demon-
strated that 6.8% of patients were infected based on gram stain
and culture. To reduce infection rate, several institutions imple-
mented a protocol for EVD placement to standardize the steps of
placement and to prospectively detect potential causes of infection
[1,22]. In 2010, Harrop et al. published their findings on the impact
of a standardized protocol and antibiotic-impregnated catheters on
EVD-related infections in cerebrovascular patients. They found that
patients who had EVD placement with a standardized protocol and
antibiotics-impregnated catheters had the lowest infection rate
(0.9%; p = 0.0001) [23].

5. Study limitation

There are several limitations to our retrospective study includ-
ing the lack of documentation of the number of EVD passes, the
year of training of the operator, environment of the procedure,
the type of ventriculostomy catheters other than being unimpreg-
nated with antibiotics, and a focused neurological exam tailored to
the possible injury caused by a misplaced catheter.

6. Conclusion

Risk factors for inaccurate EVD placement are left sided EVD
placement, trauma diagnosis, midline shift and low bicaudate
index. When they are recognized, the use of a navigation system
may be helpful.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

References

[1] Rahman M, Whiting JH, Fauerbach LL, Archibald L, Friedman WA. Reducing
ventriculostomy-related infections to near zero: the eliminating
ventriculostomy infection study. Jt Comm J Qual Patient Saf. 2012;38
(10):459–64.

[2] Zhu Y, Wen L, You W, Wang Y, Wang H, Li Gu, et al. Influence of Ward
Environments on External Ventricular Drain Infections: A Retrospective Risk
Factor Analysis. Surg Infect (Larchmt). 2021;22(2):211–6.

M. Maher Hulou, B. Maglinger, C.J. McLouth et al. Journal of Clinical Neuroscience 97 (2022) 7–11

10

http://refhub.elsevier.com/S0967-5868(21)00637-8/h0005
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0005
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0005
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0005
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0010
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0010
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0010


[3] Binz DD, Toussaint 3rd LG, Friedman JA. Hemorrhagic complications of
ventriculostomy placement: a meta-analysis. Neurocrit Care. 2009;10
(2):253–6.

[4] Bauer DF, Razdan SN, Bartolucci AA, Markert JM. Meta-analysis of hemorrhagic
complications from ventriculostomy placement by neurosurgeons.
Neurosurgery. 2011;69(2):255–60.

[5] Toma AK, Camp S, Watkins LD, Grieve J, Kitchen ND. External ventricular drain
insertion accuracy: is there a need for change in practice? Neurosurgery.
2009;65(6):1197–201.

[6] Kakarla UK, Kim LJ, Chang SW, Theodore N, Spetzler RF. Safety and accuracy of
bedside external ventricular drain placement. Neurosurgery. 2008;63:
ONS162-6; discussion ONS6-7.

[7] Lee KengSiang, Zhang JY, Bolem N, Leong MayLian, Goh ChunPeng, Hassan R,
et al. Freehand Insertion of External Ventricular Drainage Catheter: Evaluation
of Accuracy in a Single Center. Asian J Neurosurg. 2020;15(1):45. https://doi.
org/10.4103/ajns.AJNS_292_19.

[8] Wilson MP, O’Kelly C, Jack AS, Rempel J. Utilizing preprocedural CT scans to
identify patients at risk for suboptimal external ventricular drain placement
with the freehand insertion technique. J Neurosurg. 2018;1–7.

[9] Thuberg D, Buentjen L, Holtkamp M, Voges J, Heinze HJ, Lee H, et al.
Deep Brain Stimulation for Refractory Focal Epilepsy: Unraveling the
Insertional Effect up to Five Months Without Stimulation. Neuromodulation.
2021;24:373–9.

[10] Shtaya A, Roach J, Sadek A-R, Gaastra B, Hempenstall J, Bulters D. Image
guidance and improved accuracy of external ventricular drain tip position
particularly in patients with small ventricles. J Neurosurg. 2019;130
(4):1268–73.

[11] Nowacki A, Wagner F, Söll N, Hakim A, Beck J, Raabe A, et al. Preliminary
Results of Emergency Computed Tomography-Guided Ventricular Drain
Placement-Precision for the Most Difficult Cases. World Neurosurg.
2018;114:e1290–6.

[12] Mahan M, Spetzler RF, Nakaji P. Electromagnetic stereotactic navigation for
external ventricular drain placement in the intensive care unit. J Clin Neurosci.
2013;20(12):1718–22.

[13] Li Y, Chen X, Wang N, Zhang W, Li D, Zhang L, et al. A wearable mixed-reality
holographic computer for guiding external ventricular drain insertion at the
bedside. J Neurosurg. 2018;1–8.

[14] Fiorella D, Peeling L, Denice CM, Sarmiento M, Woo HH. Integrated flat
detector CT and live fluoroscopic-guided external ventricular drain placement
within the neuroangiography suite. J Neurointerv Surg. 2014;6(6):457–60.

[15] Patil V, Gupta R, San José Estépar R, Lacson R, Cheung A, Wong JM, et al. Smart
stylet: the development and use of a bedside external ventricular drain image-
guidance system. Stereotact Funct Neurosurg. 2015;93(1):50–8.

[16] Stein SC, Young GS, Talucci RC, Greenbaum BH, Ross SE. Delayed brain injury
after head trauma: significance of coagulopathy. Neurosurgery. 1992;30
(2):160–5.

[17] Talving P, Benfield R, Hadjizacharia P, Inaba K, Chan LS, Demetriades D.
Coagulopathy in severe traumatic brain injury: a prospective study. J Trauma.
2009;66(1):55–62.

[18] Zhang J, Jiang R, Liu Li, Watkins T, Zhang F, Dong J-F. Traumatic brain injury-
associated coagulopathy. J Neurotrauma. 2012;29(17):2597–605.

[19] Leschke JM, Lozen A, Kaushal M, Oni-Orisan A, Noufal M, Zaidat O, et al.
Hemorrhagic Complications Associated with Ventriculostomy in Patients
Undergoing Endovascular Treatment for Intracranial Aneurysms: A Single-
Center Experience. Neurocrit Care. 2017;27(1):11–6.

[20] Yuen J, Selbi W, Muquit S, Berei T. Complication rates of external ventricular
drain insertion by surgeons of different experience. Ann R Coll Surg Engl.
2018;100(3):221–5.

[21] Reyes MM, Munigala S, Church EL, Kulik TB, Keyrouz SG, Zipfel GJ, et al.
Comparing External Ventricular Drains-Related Ventriculitis Surveillance
Definitions. Infect Control Hosp Epidemiol. 2017;38(5):574–9.

[22] Flint AC, Toossi S, Chan SL, Rao VA, Sheridan W. A Simple Infection Control
Protocol Durably Reduces External Ventricular Drain Infections to Near-Zero
Levels. World Neurosurg. 2017;99:518–23.

[23] Harrop JS, Sharan AD, Ratliff J, Prasad S, Jabbour P, Evans JJ, et al. Impact of a
standardized protocol and antibiotic-impregnated catheters on
ventriculostomy infection rates in cerebrovascular patients. Neurosurgery.
2010;67(1):187–91.

M. Maher Hulou, B. Maglinger, C.J. McLouth et al. Journal of Clinical Neuroscience 97 (2022) 7–11

11

http://refhub.elsevier.com/S0967-5868(21)00637-8/h0015
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0015
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0015
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0020
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0020
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0020
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0025
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0025
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0025
https://doi.org/10.4103/ajns.AJNS_292_19
https://doi.org/10.4103/ajns.AJNS_292_19
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0040
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0040
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0040
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0045
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0045
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0045
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0045
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0050
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0050
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0050
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0050
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0055
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0055
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0055
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0055
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0060
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0060
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0060
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0065
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0065
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0065
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0070
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0070
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0070
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0075
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0075
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0075
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0080
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0080
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0080
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0085
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0085
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0085
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0090
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0090
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0095
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0095
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0095
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0095
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0100
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0100
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0100
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0105
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0105
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0105
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0110
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0110
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0110
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0115
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0115
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0115
http://refhub.elsevier.com/S0967-5868(21)00637-8/h0115

	Freehand frontal external ventricular drain (EVD) placement: Accuracy and complications
	1 Introduction
	2 Methods
	3 Results
	3.1 Accuracy of EVD placement
	3.1.1 Kakarla Grade 3
	3.1.2 Kakarla grade 2 and 3

	3.2 Hemorrhage
	3.3 Infection

	4 Discussion
	5 Study limitation
	6 Conclusion
	Declaration of Competing Interest
	References


