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Abstract
Background An external ventricular drain (EVD) is typically indicated in the presence of hydrocephalus and increased intracra-
nial pressure (ICP). Procedural challenges have prompted the development of different methods to improve accuracy, safety, and
logistics.
Objectives EVD placement and complications rates were compared using two surgical techniques; the standard method (using a
14-mm trephine burrhole with the EVD tunnelated through the skin) was compared to a less invasive method (EVD placed
through a 2.7–3.3-mm twist drill burrhole and fixed to the bone with a bolt system).
Methods Retrospective observational study in a single-centre setting between 2008 and 2018. EVD placement was assessed using
the Kakarla scoring system. We registered postoperative complications, surgery duration and number of attempts to place the EVD.
Results Two hundred seventy-two patients received an EVD (61 bolt EVDs, 211 standard EVDs) in the study period. Significant
differences between the bolt system and the standard method were observed in terms of revision surgeries (8.2% vs. 21.5%, p =
0.020), surgery duration (mean 16.5 vs. 28.8 min, 95% CI 7.64, 16.8, p < 0.001) and number of attempts to successfully place the
first EVD (mean 1.72 ± 1.2 vs. 1.32 ± 0.8, p = 0.017). There were no differences in accuracy of placement or complication rates.
Conclusions The two methods show similar accuracy and postoperative complication rates. Observed differences in both need
for revisions and surgery duration favoured the bolt group. Slightly, more attempts were needed to place the initial EVD in the
bolt group, perhaps reflecting lower flexibility for angle correction with a twist drill approach.
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Introduction

Placement of an external ventricular drain (EVD) is one of the
most common and important surgical procedures in the acute
neurosurgical setting. Indications for EVD placement can be
increased intracranial pressure (ICP) secondary to for instance
subarachnoid haemorrhage (SAH), intracranial or intraventric-
ular haemorrhage (ICH and IVH) and traumatic brain injury
(TBI). Despite the use of anatomical landmarks to determine
Kocher’s point and our knowledge of estimating the trajectory
toward the ipsilateral frontal horn, accurate EVD placement can
be challenging. Numerous studies have assessed ways of
optimising drain placement [12, 14, 16, 19]. Thus, developing
and improving surgical methods to improve accuracy and min-
imise complications rates continue to be of great interest.

From 2015 and onwards, our department adopted a less
invasive method, a so-called bolt system and partly replaced
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our previous standard technique of using a tunnelated drain.We
therefore sought to evaluate whether this new technique pro-
vides any clear benefit over an already standardised procedure.

The aim of the present study was to assess and compare the
two different surgical methods in terms of accuracy of EVD
placement in accordance with the Kakarla scoring system
[14]. Furthermore, we wished to review complication rates,
and determine whether there were any additional factors indi-
cating superiority of one method over the other.

Materials and methods

Data collection

The current study was a retrospective study. We used the
Nomesco Classification of Surgical Procedures (NCSP) to
identify all patients who had received an EVD at the neuro-
surgical department at St. Olavs University Hospital,
Trondheim, Norway in the period between January 1 2008
and January 1 2019. After extracting these data, three authors
reviewed all patient records to identify which of these patients
fulfilled the inclusion criteria. One author then reviewed the
data and checked for consistency.

The inclusion criteria were as follows: (1) adult patients
over the age of 18, who (2) had received an EVD using one
of the two surgical methods and (3) were admitted primarily to
the aforementioned institution. Following the introduction of
the minimally invasive method in 2015, the choice of surgical
method used in each case was by default not randomised, but
rather determined by the surgeon’s own preference. There
were no exclusion criteria in regard to indication for
performing the surgery. However, patients receiving an EVD
as part of other surgeries, such as tumour resection, aneurysm
clipping and endoscopic procedures were excluded.

We extracted and recorded baseline data for all patents in-
cluding gender, age, comorbidities, diagnosis/indication for sur-
gery and characteristics of preoperative imaging (CT or MRI);
calculating the Evans index, measuring midline shift if any,
assessing the modified Graeb Scale (mGS), Fischer score for
aneurysmal SAH and calculating the volume of ICH if any.
Furthermore, we extracted data on the characteristics of the
EVD procedure itself, including surgery duration, number of
passes to place the EVD, (established from the operation notes),
frequency of revision, and if revisions were performed, the
reasons for the revision(s). We assessed the placement of the
EVD by reviewing postoperative imaging using the Kakarla
scoring system [14]; Grade 1 means optimal placement in the
ipsilateral frontal horn or third ventricle; Grade 2 means a func-
tional placement in the contralateral lateral ventricle or
noneloquent cortex; and Grade 3 means suboptimal placement
in the eloquent cortex or nontarget cerebrospinal fluid space,
with or without functional drainage (Fig. 1).

Surgical procedure

The two surgical methods we evaluated were as follows (1)
standard technique and (2) the bolt system.

In our department, the standard technique entails estimat-
ing Kocher’s point using anatomical landmarks (approximate-
ly 1–2 cm frontal to the coronal suture and 2–3 cm lateral to
the midline), and making a 14-mm burrhole using an automat-
ic trephine. Thereafter, the dura is opened, usually in a cruciate
manner, followed by a small corticotomy before the drain is
placed. Following cerebrospinal fluid (CSF) response, the
drain in tunnelated through a separate skin incision, where
the catheter is secured with a suture before the skin is closed
with continuous sutures.

The bolt method utilises the same standard preparation to
assess Kocher’s point, but instead a 2.7–3.3-mm twist drill
burrhole ismade using amanual drill. The dura is either lacerated
by the drill or opened by using a pointed awl to prick a small hole
in the dura. The drain is then placed estimating the trajectory
similarly to the standard technique.After CSF response, the drain
is then fixed to the skull bone using a bolt system (Spiegelberg).

While the standard method is primarily performed in a
neurosurgical operating room (NOR), the less invasive meth-
od is more frequently performed bedside in the intensive care
unit (ICU). The procedure is usually performed with local
anaesthesia, with or without sedation. Navigation or ultra-
sound is not routinely used for EVD placement in our depart-
ment, and was not used in the current study. The patients were
routinely given one doze of cefalotin 2 g intravenously at the
time of surgery. In case of penicillin allergy, clindamycin
600 mg intravenously was used.

Statistical analysis

All statistical analyses were performed using SPSS, IBM ver-
sion 25. The 2-sample t test was used to compare groups for
all continuous variables and data was expressed as means ±
standard deviation. The chi-square test or Fisher’s exact test
was used for all categorical data and expressed as frequencies
with counts and percentages. The p value for statistical signif-
icance was determined to be 0.05.

Results

Patient demographic and characteristics

A total of 272 patients were included in the present study. Two
hundred eleven patients received a tunnelated EVD, and 61
patients received a bolt EVD. Table 1 provides a summary of
patient characteristics; the baseline characteristics were similar
for both groups with the exception of preoperative Evans ratios.
The most common diagnosis in both groups was SAH, with
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approximately 50% in each group. Of all patients presenting
with intracranial haemorrhage, intraventricular blood was pres-
ent in approximately 80% in both groups. For all patients with
aneurysmal SAH, a Fischer score was assigned, with similar
results in both groups. In case of IVH, the mGS score was
calculated for each case, showing similar results in both groups.

Characteristics of the procedure and EVD placement

As seen in Table 2, surgery duration between the two groups
differed significantly; mean surgery duration in the tunnelated
group was 28.8 ± 16.8 (range 4, 52), versus 16.5 ± 10.1 (range
8, 89) minutes in the bolt group (95% CI 7.64, 16.8, p = 0.00).
The number of passes in the two groups differed significantly
with a mean of 1.32 ± 0.8 and 1.72 ± 1.2 (95%CI − 0.74, 0.08,
p = 0.017) for the tunnelated and bolt group, respectively.
There was a trend towards lower frequencies of Kakarla 1
scores in the tunnelated group compared to the bolt group,
not reaching statistical significance (p = 0.089), and similarly

a higher frequency of Kakarla 2 scores, reaching statistical
significance (p = 0.043). The two groups had similar Kakarla
3 scores of 12.3% and 12.5% for the tunnelated and bolt
group, respectively (p = 0.977).

Surgical complications

There was a statistically significant difference in the frequency
of EVDs requiring later revision(s), with 21.4% in the
tunnelated group versus 8.2% in the bolt group (p = 0.020).
The cause of revision surgery was similar in both groups,
showing a trend where occlusion and accidental removal were
more common in the tunnelated group, however not reaching
statistical significance. Postoperative haematoma occurred in
a total of 5 (2.7%) patients in the tunnelated group, and 3
patients (5.3%) in the bolt group (p = 0.340) (Table 3). The
haematomas were all characterised as track haematomas,
without clinical significance, nor did any of these patients
consequently require surgery. Postoperative meningitis

Fig. 1 a–d Postoperative CT
scans. a Kakarla score 1; tip of
EVD in third ventricle. b Kakarla
2; tip of EVD in contralateral
ventricle. c, d Kakarla 3; tip of
EVD in basal cisterns-prepontine
cistern (this patient underwent
revision surgery)
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occurred in 15 cases (7.1%) in the tunnelated group and in 1
case (1.6%) in the bolt group (p = 0.110).

Discussion

The current study evaluates 11 years of EVD placement using
the standard tunnelated technique with a standard trephine

hole versus the newly adopted twist drill and bolt system.
The current data indicates that the two methods are similar
in terms of accuracy and complication rates. Advantages of
the bolt system are the shorter surgery duration and the less
frequent need of revision surgery. Hence, the bolt system
seems to serve as a valuable tool in our practice with clinically
relevant benefits.

We found a significant difference in the duration of surgery,
where the use of the bolt system proved an efficient method
for placing an EVD, despite the mean number of passes being
greater than in the tunnelated group; hence, it seems appropri-
ate to conclude that the surgical method is responsible for the
longer duration of surgery and not necessarily the number of
passes. Longer surgery duration in the standard tunnelated
group is likely due to the more comprehensive task of opening
and closing the skin and dura. To our knowledge, no other
studies have reviewed and compared these two surgical tech-
niques in terms of surgery duration as a premise for benefit
and success. Studies assessing surgery duration and risk of
surgical site infection (SSI) in neurosurgical procedures found
that longer surgery duration was clearly associated with in-
creased risk of surgical site infections (SSI) [2, 10].
Although surgery duration in the aforementioned studies were
generally longer, and occurrence of SSI was not assessed in

Table 1 Baseline characteristics

Tunnelated Bolt p value

N = 211 (%) N = 61 (%)

Age, mean (SD) 56.9 (14.6) 58.6 (15.5) 0.429

Gender, male 117 (55.5) 29 (47.5) 0.275

Evans index, mean (SD)1 0.32 (0.07) 0.30 (0.05) 0.036

Midline shift, mean (SD) 1.05 (2.48) 1.09 (2.89) 0.906

Diagnosis

SAH 104 (49.3) 32 (52.5) 0.663

IVH 3 (1.4) 4 (6.6) 0.026

ICH 42 (19.9) 14 (23.0) 0.604

TBI 23 (10.9) 7 (11.5) 0.900

Meningitis 7 (3.3) 2 (3.3) 0.988

Tumour/malignancy 24 (11.4) 0 (0.0) 0.006

Other 8 (3.8) 2 (3.3) 0.851

Comorbidities

Hypertension 69 (32.7) 22 (36.1) 0.775

Cerebrovascular disease 29 (13.7) 9 (14.8) 0.850

Cardiovascular disease 28 (13.3) 14 (23.0) 0.162

Diabetes 16 (7.6) 4 (6.6) 0.832

Chronic pulmonary disease 24 (11.4) 6 (9.8) 0.814

Tumour/malignancy 20 (9.5) 2 (3.3) 0.251

Haematological disease 4 (1.9) 1 (1.6) 0.857

p values marked in italics indicate significance
1 Confidence interval − 0.039, − 0.001. SD standard deviation, SAH sub-
arachnoid haemorrhage, IVH intraventricular haemorrhage, ICH intracra-
nial haemorrhage, TBI traumatic brain injury

Table 2 Characteristics of the
surgical procedure Tunnelated Bolt p value

no/total no no/total no

Surgery duration in minutes, mean (SD) 161/211 28.8 (16.8) 59/61 16.5 (10.1) 0.000

Number of passes, mean (SD) 142/211 1.32 (0.8) 36/61 1.72 (1.2) 0.017

1 pass (%) 118/146 80.8 25/36 69.4 0.136

> 1 pass (%) 28/146 19.2 11/36 30.6 0.136

Placement, n (%)

Kakarla 1 170/211 85 (49.4) 56/61 35 (62.5) 0.089

Kakarla 2 68 (40.0) 14 (25.0) 0.043

Kakarla 3 21 (12.3) 7 (12.5) 0.977

p values marked in italics indicate significance

SD standard deviation

Table 3 Surgical complications

Tunnelated
N = 211 (%)

Bolt
N = 61 (%)

p value

Postoperative haematoma 5/186 (2.7) 3/57 (5.3) 0.340

Postoperative meningitis 15 (7.1) 1 (1.6) 0.110

Frequency of revisions 45 (21.3) 5 (8.2) 0.020

Cause of revisions

Misplacement 10 (4.7) 2 (3.3) 0.625

Occlusion 29 (13.7) 2 (3.3) 0.023

Accidental removal 13 (6.2) 1 (1.6) 0.159

p values marked in italics indicate significance
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the current study, it still highlights that duration of surgery
does indeed matter, and should be an important factor when
reviewing surgical methods and which method to utilise.

A major advantage of the bolt system is the possibility to
perform the procedure by the bedside with limited additional
personnel. Our study demonstrates that the bolt system could
be preferable in patients with acute hydrocephalus in need of
quick intervention. One study reviewing the occurrence of
complications and accuracy of EVD placement in the OR
versus the ICU, favoured placement in the OR, especially in
high-risk patients [7]. This is not in line with our data, andmay
not be relevant, as it did not review the bolt system. A recent
review found no convincing evidence that EVD placement
outside of the OR presented increased risk in itself [8].

In the current study, we failed to detect differences in the
occurrence of postoperative hematoma in the two groups, and
the frequency was also considerably lower than previous re-
ports [6, 9, 17, 18, 21–23]. Studies have previously reported
rates of close to non-existent to approximately 40% [9, 17,
22]. One radiographic simulation estimated a haemorrhage
risk of 19% when reviewing multiple possible trajectories
[19]. One study reported a lower frequency of postoperative
haematoma in the bolt-group and an overall postoperative
haematoma rate of 17.9% [21]. Our findings are more consis-
tent with that of two meta-analyses [1, 4]. Notably, the authors
highlighted that in the instances where postoperative CTscans
were routinely performed, the rate of postoperative
haematoma was much higher [1, 4]. In our study, postopera-
tive CT or MRI scans were available for 186 of the 211 pa-
tients in the tunnelated group, and 57 of the 61 patients in the
bolt group. Had scans been available for all patients, the rates
of postoperative haematoma might have been affected.

One study also reviewed the incidence of haematoma as a
consequence of EVD removal, and found a surprisingly high
frequency of 22.5% [18]; the scope of occurrence of postop-
erative haematoma might be greater than previously reported
had this been more frequently been reviewed. From a clinical
perspective however, the most valuable aspect of any compli-
cation is when a complication results in new symptoms and/or
require additional surgery, which was not the case in our study
for any of the postoperative haematomas. This is similar to
previous studies which report clinically significant hemato-
mas of well under 1% [1, 4].

Several studies have assessed possible risk factors for de-
veloping postoperative haematomas [17, 20, 22]. .In the cur-
rent study, the number of attempts to place the EVD was
higher in the bolt group; a natural assumption is that increased
number of passes used to place the EVD could correlate to the
occurrence of postoperative haematoma and perhaps also the
type/severity of haematoma. A recent study reported a clear
association between number of attempts to place the EVD and
increased risk of haemorrhage [18]. We found no such link
however. In a multivariate analysis, one study found that age

> 75 years was an independent risk factor of postoperative
haematoma [22]. Another study found that patients receiving
antiplatelet medicationwithin 96 h of EVD placement were 13
times more likely to exhibit new or enlarged intracerebral
bleed [20]. One study found increased risk of postoperative
haematoma in patients with established cerebrovascular dis-
ease [17]. However, evaluating risk factors for the clinically
relevant postoperative haematomas represents a greater chal-
lenge, as the incidence is so low.

Occurrence of postoperative meningitis was low in both
groups, and no differences were found. The definition of
catheter-associated infection varies across studies. In the cur-
rent study, meningitis was defined as positive CSF findings
with increased levels of leukocytes and suspected infection
either due to further lab findings such as elevated white blood
cells (WBC) and/or C-reactive protein (CRP) and/or clinical
findings. The difficulties in assessing catheter-induced central
nervous system (CNS) infection remain however challenging
and have previously been acknowledged [8, 15]. Reports of
infection rates have previously varied and reported as high as
30%, but most commonly around 10% [8, 15]. Both groups in
our study are well below these numbers. Infection rates can
possibly be influenced by the predisposing diagnosis and hos-
pitals’ bacterial flora, as well as irrigation and duration of
EVD treatment with potential increased risk with a longer
duration, but not necessarily in a linear manner [8, 15]. This
was however not assessed in the current study.

Studies have previously examined accuracy of freehand
EVD placement, which is the current practice in our depart-
ment, and have found that there is a considerable amount of
inaccuracy regardless of method [11]. One study reported in-
creased accuracy with the freehand technique using the bolt
system compared to the tunnelated standard method [3]. In
terms of EVD placement, there was only a significant differ-
ence in the proportion of patients with a suboptimal placement
(Kakarla 2), favouring the tunnelated method. However, see-
ing as a Kakarla score of 2 usually will still give a functional
EVD, this does not seem to be of great clinical relevance.
Importantly, the placement of the drain in eloquent areas is
similar in both groups (Kakarla 3), and these are the EVDs
that most likely will require revision surgery.

An important factor that may have influenced these results is
the difference in Evans ratio, favouring the tunnelated group;
this may have resulted in improved accuracy in this group, as
well as a lower number of attempts needed to place the EVD.
Further analyses failed nonetheless to show any specific trends
in terms of Evans ratio and number of attempts. It could be
speculated however that if the first attempt of placing an EVD
fails, the small twist drill hole could be a disadvantage in the
flexibility in angle correction in subsequent attempts.

Furthermore, we did not assess whether EVD accuracy
correlated with the surgeon’s skill or experience; previous
studies have not found significant differences between
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midlevel practitioners and experienced neurosurgeons in
terms of accuracy or complication rates (haemorrhage, infec-
tion) [5, 14].

In the literature, data on the difference in rate of revision
surgery are conflicting [3, 13, 21]. In the current study, revi-
sions were required more frequently in the tunnelated group.
The cause of revision was most often due to occlusion. One
reason for occlusion could be the presence of intraventricular
blood, with blood clotting the tip of the EVD. The assessment
of the IVH in terms of mGS however proved to be similar in
both groups. It is difficult to explain why there was a greater
occurrence of occlusion in the tunnelated group, but this may
have been associated with misplacement; in the tunnelated
group, there was a trend towards fewer EVDs in optimal
placement compared to the bolt group. One recent study re-
ported that permanent catheter occlusion was however more
frequently correlated to small catheter diameter and therapeu-
tic anticoagulation, whilst a non-ideal catheter position was
only marginally significant [6].

Limitations of the current study include those inherent of
an observational study, and it would be preferable to have
conducted a randomised controlled trial to avoid any risk of
selection bias. However, we believe there is no significant
selection bias in the current study; when reviewing the oper-
ation notes, only a minority of surgeons consistently chose to
perform the standard method throughout the study period.
Most surgeons adopted the bolt method with a gradual in-
crease in use after 2015, resulting in most surgeons choosing
to exclusively performing bolt surgery regardless of indication
(CT findings etc.,) by the end of 2018. We therefore feel that
the choice of method has rather been determined by the avail-
ability of the bolt method from 2015 and surgeons own pref-
erence, and not patient characteristics such as ventricular size.
An RCT would however be useful to further explore the cur-
rent findings. Additionally, the bolt group was relatively small
compared to the tunnelated group. Another limitation was
missing data for some patients, such as number of attempts,
postoperative imaging, direct references to antibiotic regimes
and surgery protocols. Strengths of this study include high
external validity, the pragmatic study design and relatively
large number of patients. Although three authors contributed
to extracting the data, one of the authors reviewed all the
collected data and checked for inconsistencies and reassessed
any areas of conflict, in this way assuring uniformity in the
collected data.

Conclusions

The standard tunnelated and bolt techniques are similar in
regard to accuracy and postoperative complication rates.
Advantages of the bolt system are the significantly shorter
surgery duration and lower frequency of revision surgery,

features that should impact on the decision making in regard
to the choice of method utilised. The current study highlights
some important factors in regard to method superiority
favouring the bolt system with potential implications for sur-
geons and patients in the acute neurosurgical settings where
available time in the operating room can be a limiting factor.

Funding Information Open Access funding provided by NTNU
Norwegian University of Science and Technology (incl St. Olavs
Hospital - Trondheim University Hospital).

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval For this type of study, formal consent is not required.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Bauer DF, Razdan SN, Bartolucci AA, Markert JM (2011) Meta-
analysis of hemorrhagic complications from ventriculostomy place-
ment by neurosurgeons. Neurosurgery 69(2):255–260

2. Bekelis K, Coy S, Simmons N (2016) Operative duration and risk
of surgical site infection in neurosurgery. World Neurosurgery
94(C):551–555.e6

3. Bergdal O, Springborg JB, Holst AV, Hauerberg J,Way S, Breum P,
Romner B (2013) Accuracy of tunnelated vs. bolt-connected exter-
nal ventricular drains. Clin Neurol Neurosurg 115(10):1972–1975

4. Binz DD, Toussaint LG III, Friedman JA (2009) Hemorrhagic com-
plications of ventriculostomy placement: a meta-analysis. Neurocrit
Care 10(2):253–256

5. Ellens NR, Fischer DL,Meldau JE, Schroeder BA, Patra SE (2018)
External ventricular drain placement accuracy and Safety when
done by midlevel practitioners. Neurosurgery 84:235–240

6. Fargen KM, Hoh BL, Neal D, O’connor T, Rivera-Zengotita M,
Murad GJA (2016) The burden and risk factors of ventriculostomy
occlusion in a high-volume cerebrovascular practice: results of an
ongoing prospective database. J Neurosurg 124(6):1805–1812

7. Foreman PM, Hendrix P, Griessenauer CJ, Schmalz PGR, Harrigan
MR (2015) External ventricular drain placement in the intensive
care unit versus operating room: evaluation of complications and
accuracy. Clin Neurol Neurosurg 128:94–100

8. Fried HI, Nathan BR, Rowe AS, Zabramski JM, Andaluz N,
Bhimraj A, Guanci MM, Seder DB, Singh JM (2016) The insertion
and management of external ventricular drains: an evidence-based
consensus statement. Neurocrit Care 24(1):61–81

Acta Neurochir (2020) 162:755–761760

http://creativecommons.org/licenses/by/4.0/


9. Gardner PA, Engh J, Atteberry D, Moossy JJ (2009) Hemorrhage
rates after external ventricular drain placement. J Neurosurg 110:
1021–1025

10. Golebiowski A, Drewes C, Gulati S, Jakola AS, Solheim O (2014)
Is duration of surgery a risk factor for extracranial complications
and surgical site infections after intracranial tumor operations? Acta
Neurochir 157(2):235–240

11. Huyette DR, Turnbow BJ, Kaufman C, Vaslow DF, Whiting BB,
Oh MY (2007) Accuracy of the freehand pass technique for
ventriculostomy catheter placement: retrospective assessment using
computed tomography scans. J Neurosurg 108:88–91

12. Jakola AS, Reinertsen I, Selbekk T, Solheim O, Lindseth F, Gulati
S, Unsgård G (2014) Three-dimensional ultrasound-guided place-
ment of ventricular catheters. World Neurosurgery 82(3-4):536.e5–
536.e9

13. Jensen TS, Carlsen JG, Sørensen JC, Poulsen FR (2016) Fewer
complications with bolt-connected than tunneled external ventricu-
lar drainage. Acta Neurochir 1–4

14. Kakarla UK, Chang SW, Theodore N, Spetzler RF, Kim LJ (2008)
Safety and accuracy of bedside external ventricular drain place-
ment. Operative Neurosurgery 63:ONS162–ONS167

15. Lozier AP, Sciacca RR, Romagnoli MF, Connolly ES Jr (2002)
Ventriculostomy-related infections: a critical review of the litera-
ture. Neurosurgery 51:170–182

16. Manfield JH, YuKKH (2017) Real-time ultrasound-guided external
ventricular drain placement: technical note. Neurosurg Focus 43(5):
E5–E5

17. Maniker AH, Vaynman AY, Karimi RJ, Sabit AO, Holland B
(2006) Hemorrhagic complications of external ventricular drainage.
Operative Neurosurgery 59:ONS–419–ONS–425

18. Miller C, Tummala RP (2016) Risk factors for hemorrhage associ-
ated with external ventricular drain placement and removal. J
Neurosurg 126(1):289–297

19. Robertson FC, Abd-El-Barr MM, Mukundan S, Gormley WB
(2017) Ventriculostomy-associated hemorrhage: a risk assessment
by radiographic simulation. J Neurosurg 127(3):532–536

20. Rowe AS, Rinehart DR, Lezatte S, Langdon JR (2018)
Intracerebral hemorrhage after external ventricular drain place-
ment: an evaluation of risk factors for post-procedural hemorrhagic
complications. BMC Neurol:1–6

21. Schödel P, Proescholdt M, Ullrich O-W, Brawanski A, Schebesch
K-M (2012) An outcome analysis of two different procedures of
burr-hole trephine and external ventricular drainage in acute hydro-
cephalus. J Clin Neurosci 19(2):267–270

22. Sussman ES, Kellner CP, Nelson E, McDowell MM, Bruce SS,
Bruce RA, Zhuang Z, Connolly ES Jr (2014) Hemorrhagic compli-
cations of ventriculostomy: incidence and predictors in patients
with intracerebral hemorrhage. J Neurosurg 120:931–936

23. Wiesmann M, Mayer TE (2001) Intracranial bleeding rates associ-
ated with two methods of external ventricular drainage. J Clin
Neurosci 8(2):126–128

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Acta Neurochir (2020) 162:755–761 761


	Accuracy...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Data collection
	Surgical procedure
	Statistical analysis

	Results
	Patient demographic and characteristics
	Characteristics of the procedure and EVD placement
	Surgical complications

	Discussion
	Conclusions
	References




