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Abstract

Purpose of Review The optimal management of external ventricular drains (EVD) in the setting of acute brain injury remains
controversial. Therefore, we sought to determine whether there are optimal management approaches based on the current
evidence.

Recent Findings We identified 2 recent retrospective studies on the management of EVDs after subarachnoid hemorrhage (SAH)
which showed conflicting results. A multicenter survey revealed discordance between existing evidence from randomized trials
and actual practice. A prospective study in a post-traumatic brain injury (TBI) population demonstrated the benefit of EVDs but
did not determine the optimal management of the EVD itself. The recent CLEAR trials have suggested that specific positioning of
the EVD in the setting of intracerebral hemorrhage with intraventricular hemorrhage may be a promising approach to improve
blood clearance.

Summary Evidence on the optimal management of EVDs remains limited. Additional multicenter prospective studies are

critically needed to guide approaches to the management of the EVD.

Keywords External ventricular drain - Wean - Ventriculoperitoneal shunt - Length of stay - Vasospasm

Introduction

Placement of an external ventricular drain (EVD) is frequently
an emergent, lifesaving procedure in the acute management of
hydrocephalus and intracranial hypertension in the critically
ill neurological patient [1, 2, 3«¢]. After the EVD is in place,
important additional management goals are to optimize brain
tissue physiology, minimize complications, and determine if
and when the drain can be removed. However, the best way to
use the EVD to monitor intracranial pressure (ICP) or drain
CSF is unclear. It also remains unknown if the manner in
which the EVD is discontinued matters for clinically
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important outcomes such as ventriculoperitoneal shunt
(VPS) placement, length of stay, and hospital complications.

The available evidence, in the form of single-center ran-
domized trials, suggests that an intermittent CSF drainage
approach and rapid weaning of the EVD may be associated
with fewer complications and shorter length of stay in patients
following subarachnoid hemorrhage (SAH). However, recent
surveys of neurointensive care units across the USA and in-
ternationally demonstrate high practice variance, and the ma-
jority of institutions take the opposite approach of continuous
CSF drainage and a gradual EVD wean [4, 5¢]. This reflects a
paucity of evidence either to lead to a practice change or to
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justify the current predominant practice. There is even less
evidence to guide the management of the EVD in the setting
of traumatic brain injury (TBI), intracerebral hemorrhage with
intraventricular hemorrhage (ICH/IVH), or other disease pro-
cesses. Furthermore, interpreting existing evidence is hin-
dered by the variability in how ICPs are measured and report-
ed in the literature.

The purpose of this review is to describe the rationale be-
hind different EVD management approaches in the setting of
disease processes encountered in critically ill brain injured
patients, discuss controversies and the recent literature, and
propose future research focused on improving patient out-
comes and decreasing hospital complications and length of
stay. Since the use of the EVD and corresponding evidence
base differs based on clinical context, we have structured the
following discussion primarily around disease states. We will
also discuss ICP measurement issues common to all diseases.

Aneurysmal Subarachnoid Hemorrhage

Most existing evidence for management of the EVD is in the
patient with aneurysmal SAH and acute hydrocephalus. The
Neurocritical Care Society recently published an evidence-
based consensus statement which stated that “EVD weaning
should be accomplished as quickly as is clinically feasible so
as to minimize the total duration of EVD monitoring and
[ventriculostomy-related infection] risk.” [3+¢] However, no
strong recommendations for how to specifically manage the
EVD could be made based on the existing evidence. Here, we
will review two older single-center randomized trials and pro-
vide an update with two newer, retrospective studies which
have been published since a recent systematic review on EVD
management (Table 1) [12¢].

The most widely cited randomized trial on EVD management
addresses the optimal manner of EVD discontinuation or
weaning [6]. This study compared rapid versus gradual weaning
protocols. When the clinical determination was made that the
EVD was no longer needed, patients randomized to a rapid
EVD wean underwent an immediate closing of the drain. If there
were no clinical or radiographic signs of hydrocephalus over 24
h, then the EVD was discontinued. For the gradual wean group,
the EVD was raised from 10 cm H,O to 25 cm H,O in incre-
ments of 5 cm H,O per day, then closed for 24 h. The investiga-
tors found that the rapid EVD weaning protocol decreased ICU
and hospital length of stay as compared to the gradual weaning
protocol. There was also a decrease in the number of EVD de-
vice-days, as would be expected. A caveat of the study is that the
positive findings were prespecified secondary outcomes. The
authors did not find a difference in the primary outcome of
ventriculoperitoneal shunt (VPS) placement rate. This was likely
due to the fact that the study was designed to tolerate only a
single wean attempt failure prior to placing a VPS, which is
reflected in an unusually high rate of VPS placement (approxi-
mately 63% in both groups). Additional limitations were that the
study was not designed to see differences in rates of vasospasm,
31% of eligible patients did not complete the study protocol,
functional outcomes were not reported, and statistical analyses
were not adjusted for confounders.

Another controversy in EVD management is whether to
keep the EVD continuously open to drainage or to only open
when needed, referred to as intermittent or on-demand drain-
age. The rationale behind intermittent drainage is that continu-
ous drainage and a low ICP may not allow for the pressure
gradient necessary to re-establish the natural pathways of
CSF egress. Continuously open EVDs have been associated
with more EVD-related complications [7, 8]. There is conflict-
ing evidence around other outcomes, with older retrospective
data suggesting that continuous drainage is associated with

Table 1 Studies of rapid vs. gradual weaning and intermittent vs. continuous CSF drainage of EVDs after SAH
Reference Design Number of  Number of  Comparison Outcomes Findings
centers subjects
Klopfenstein ~ RCT 1 81 Rapid vs. gradual VPS, LOS Rapid had shorter ICU
2004 [6] and hospital LOS
Amato 2011 Prospective 1 37 Intermittent vs. continuous ~ VSP, EVD complications No difference
[7] observational
Kim 2011 [8]  Prospective 1 37 Intermittent vs. continuous ~ VSP, EVD complications No difference
observational
Olson 2013 [9] RCT 1 60 Intermittent vs. continuous ~ VSP, EVD complications Intermittent had fewer
EVD complications
Jabbarli 2018  Retrospective 2 965 Rapid vs. gradual VPS, LOS, complications Gradual had fewer VPS
[10e] and longer LOS
Rao 2019 Retrospective 1 152 Intermittent/rapid vs. VPS, VSP, LOS, EVD Intermittent/rapid
[11ee] continuous/gradual complications had fewer VPS and
shorter LOS

RCT, randomized clinical trial; VSP, symptomatic vasospasm; VPS, ventriculoperitoneal shunt placement; LOS, length of stay
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increased rates of delayed cerebral ischemia (DCI) and VPS
placement [13] and subsequent studies suggesting that more
robust CSF drainage is associated with a decreased risk for
vasospasm, delayed ischemic neurological deficits, and poor
outcome [14-16]. To partially address the controversy, a
single-center randomized trial was performed to determine
rates of vasospasm using a continuous versus intermittent
EVD management strategy [9]. The authors found no differ-
ence in their predefined primary outcome of vasospasm,
though there was a non-significant increase in angiographic
vasospasm in the intermittent group (35% vs. 21%). Both a
major finding and caveat is that the study was stopped early
by the Data Safety and Monitoring Board because an interim
analysis revealed a large and significant increase in EVD com-
plications in the continuous drainage group. The 53% versus
23% difference in complications was largely driven by more
EVD clogging in the continuous group. There was also a
higher, albeit not statistically significant, rate of ventriculitis
in the continuous group, although the rates of ventriculitis were
considerably higher than rates reported in other studies [17].

Despite the limitations of the 2 single-center randomized trials
discussed above, they are the only available randomized evi-
dence to guide management and suggest that rapid weaning
and intermittent drainage strategies are at least safe and could
potentially lead to reduced EVD duration, shorter ICU and hos-
pital length of stay, and fewer EVD complications. Since neither
of these studies can be considered practice changing, current
practice variability is likely to continue until more definitive data
is available. Furthermore, neither study was effectively powered
to detect DCI or symptomatic vasospasm, and neither addressed
the question of long-term functional outcomes associated with
the studied management approach. These limitations represent
important opportunities for future progress.

It is worth noting 2 recent retrospective studies that have
looked at EVD management approaches after SAH. One com-
pared rapid versus gradual weaning in two German hospitals
within the same health care system [10¢]. Standard of care at
one of the hospitals was a rapid wean and at the other hospital
was a gradual wean. The hospital with a rapid wean approach
had higher VPS rates but fewer delayed VPSs and was asso-
ciated with shorter hospital length of stay, consistent with the
aforementioned rapid versus gradual wean randomized trial.
A major limitation is that there was a set number of two wean
failures before a VPS was placed. It is possible that the re-
quirement that a VPS be placed after a predetermined number
of failures—rather than the influence of a rapid or gradual
wean—could have accounted for the greater number of
VPS's seen in the rapid group (Fig. 1). Indeed, a retrospective
study that focused on the effect of clamp trials on VPS place-
ment in aneurysmal SAH patients found that more clamp trials
were associated with a lower VPS rate [18¢]. Therefore, we
recommend not limiting the number of wean attempts in clin-
ical practice and in future studies.

Another recent retrospective study on EVD management
after SAH is one that took a before-and-after study design
approach during a change in EVD guidelines [11¢]. The au-
thors compared an epoch where CSF was by default continu-
ously drained and EVDs were gradually weaned (continuous/
gradual) to a shift in practice where CSF was intermittently
drained and the EVD was rapidly weaned (intermittent/rapid).
Importantly, there was no set limit to the number of EVD
wean attempts prior to placing a VPS. The authors found that
the intermittent/rapid group had a lower rate of VPS place-
ment, including delayed VPSs. Furthermore, the study found
shorter ICU and hospital length of stay and fewer EVD days in
the intermittent/rapid group, consistent with the rapid versus
gradual wean randomized trial. There were fewer EVD com-
plications, consistent with the intermittent versus gradual
drainage randomized trial. The study, however, was not
powered to detect a difference in rates of symptomatic vaso-
spasm, and rates of DCI and long-term functional outcomes
were not assessed. Future studies should test the generalizabil-
ity of these results and determine the effect of EVD manage-
ment on long-term functional outcomes.

Traumatic Brain Injury

The role of an EVD in the setting of TBI is controversial
[19-21], but it is often employed. Following TBI, an EVD
may serve both to monitor ICP and to divert CSF for decreas-
ing elevated ICP. In the modern era, a fiber optic
intraparenchymal monitor can be used if all that is needed is
measurement of ICP, and most clinicians in the industrialized
world adhere to the Brain Trauma Foundation guidelines that
advocate use of some form of ICP monitor [22¢]. Current
controversies around ICP monitoring itself are discussed else-
where [20, 21]. Here, we will focus on the issue of EVDs in
the management of TBI for therapeutic drainage of CSF.

A recent randomized trial compared the use of an EVD to
use of an intraparenchymal fiber optic ICP monitor alone [23].
The EVD group—which employed an intermittent CSF drain-
age approach—had fewer episodes of refractory ICP (52%
intraparenchymal monitor versus 21% EVD, p > 0.001).
There was better survival in the EVD group at both 1 and 6
months post-injury (90% vs. 77% p = 0.04 and 89% vs. 68% p
= 0.006). Furthermore, the Glasgow Outcome Scale was bet-
ter in the EVD group at 6 months post-injury (66% vs. 48% p
= 0.009 for favorable outcome). The study demonstrates that
the therapeutic benefit of draining CSF in the setting of ele-
vated ICP outweighed additional procedures and complica-
tions associated with EVDs. A major limitation of the study
was the inability to blind clinicians to the group. Regardless,
the study provides a reasonable level of evidence that EVDs
can be useful as a therapeutic measure [24, 25].
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Notably, the above study used an intermittent CSF drainage
approach in the EVD group, advocated by the American College
of Surgeons Trauma Quality Improvement Program [26].
Intermittent drainage—whereby the drain is kept closed and only
opened for the amount of time needed to control ICP—allows for
continuous ICP monitoring since it is not typically possible to
simultaneously drain CSF and measure ICP. However, there is no
high-quality evidence supporting the use of an intermittent CSF
drainage approach. Furthermore, the Brain Trauma Foundation
guidelines provide a conflicting recommendation that “continu-
ous drainage of CSF may be considered to lower ICP burden
more effectively than intermittent use” [22¢], based on a retro-
spective study which observed a greater ICP burden in patients
managed with intermittent drainage [27]. Although there are lim-
ited data to support either approach, among the 7 institutions
represented by the authors of this manuscript, all employ a
continuous CSF drainage approach.

The rationale behind the continuous approach is that constant
drainage could reduce the need for hyperosmolar therapy, which
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could then be used in a rescue situation. However, there is the
disadvantage of not being able to monitor ICP while the EVD is
open, with the exception of cases where there is a concomitant
fiber optic intraparenchymal probe or dual EVDs. While the de-
velopment of EVDs that can simultaneously drain and record ICP
could potentially resolve this issue [28e, 29¢], the utility and effi-
cacy of these devices are under debate [30, 31] and these novel
EVDs have not yet seen widespread adoption. Another consider-
ation with the continuously open EVD approach is that in the
setting of refractory intracranial hypertension, the ventricles often
collapse, leaving limited additional CSF available for drainage.
In conclusion, continuous and intermittent drainage are both
reasonable approaches in the setting of TBI. The single random-
ized study addressing the use of an EVD as compared to a fiber
optic intraparenchymal monitor took an intermittent drainage
approach in the EVD group and obtained superior outcomes.
Otherwise, there are no compelling data to make a recommen-
dation in favor of intermittent versus continuous drainage or
rapid versus gradual weaning of an EVD in the setting of TBL
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Intracerebral hemorrhage
with intraventricular extension

The management of the EVD in the setting of ICH/IVH is
different from SAH and TBI, owing to the difference in non-
communicating and communicating hydrocephalus. The evi-
dence to guide practice is very limited. There have been no
high-quality studies since the publication of a review article
appearing in this journal specifically focused on EVD man-
agement after ICH/IVH [32]. Therefore, we will focus this
section on promising new approaches that are in development.

The most well-known series of studies involving the man-
agement of EVDs following ICH/IVH have been carried out
by the CLEAR investigators [33]. Their goal has been to de-
termine the effect of intrathecal alteplase through an EVD to
lyse the blood clot, decrease mechanical factors that alter CSF
dynamics, and clear downstream effects of the blood itself that
may worsen patient outcome. Early studies established the
safety of the approach [34]. Further analysis of these early
studies revealed that blood clearance was primarily enhanced
in the midline ventricles [35]. This led the investigators to test
unique EVD placement strategies to improve blood clearance
from the lateral ventricles as well.

Phase III of CLEAR-IVH (CLEAR-III) investigated the ef-
fect of clearing IVH in the third and fourth ventricles with
alteplase on functional outcomes [36¢]. This was a negative
study as the primary outcome of good functional outcome
(mRS < 3) at 6 months was not different between the alteplase
and the control saline groups. However, additional analysis
revealed that good functional outcome was associated with
greater [VH clearance, and that IVH clearance was associated
with bilateral EVDs or an EVD placed ipsilateral to the greatest
clot burden. Although the level of evidence here is low, it raises
the possibility that more efficient IVH clearance via unique
EVD placement strategies could result in better outcomes.

Limitations of the CLEAR III trial include the lack of
evidence-based guidelines in the management of the IVH itself,
which could have affected participant selection and treatment.
There were also no uniform guidelines on which patients
should receive an EVD, or multiple EVDs. Furthermore, only
33% of patients in the alteplase group and 10% in the saline
group achieved the 80% IVH removal end point. Therefore,
studies designed specifically to determine whether EVD place-
ment strategies can influence IVH clearance and functional
outcome represent promising areas of future research.

ICP Measurement and Reporting

Determining best EVD management practices depends on the
accuracy and precision of [CP measurement. However, recent
observational studies, practice surveys, and reviews highlight
inconsistencies in how ICPs through the EVD are measured,

recorded, and reported [4, 37¢, 38e, 39+, 40-44]. A discussion
of ICP thresholds for intervention is beyond the scope of this
review. Here, we will highlight critical principles to keep in
mind regarding a few technical aspects of EVD management.
If ICP is to be a useful measurement it is important that the
reported values use a standardized unit of measure, have stan-
dardized reference points, and adhere to uniform reporting
practices. Furthermore, it is important for clinicians to recog-
nize that ICP is a dynamic process and that any one reported
number cannot fully capture the true ICP.

There are two dominant units of measure: millimeters of
mercury (mm Hg), and centimeters of water (cm H,O).
Millimeters of water (mm H,0) has also rarely been reported
in the literature. In a recent practice survey, 50% of clinicians
measured ICP in mm Hg, 29% in cm H,0, and 21% used both
mm Hg and cm H,O in the same patient [4]. In an observa-
tional study, roughly 31% measured ICP in mm Hg, 23% in
cm H,0, and 46% did not specify the unit of measure. The fact
that the survey study and observational practice study results
differ substantially highlights that differences can occur with
differences in research methodology. Another study summa-
rized 357 manuscripts wherein ICP was a reported variable
[45¢]. This study found that 96% of those reporting ICP use
mm Hg. It is unclear why there is such a discrepancy between
units reported in research as compared to clinically. However,
it seems reasonable to move towards a standard of reporting
ICP in mm Hg. Whereas many commercially available EVD
drainage management systems display both cm H,O and mm
Hg, most (if not all) commercially available bedside monitors
output pressure recordings as mm Hg and not as cm H,O.
Furthermore, modern electronic medical record (EMR) sys-
tems auto-populate discrete values directly from the bedside
monitor [39], and it is likely that most EMR values for ICP are
documented in mm Hg. At a minimum, it is clear that clini-
cians and investigators need to be aware that units are impor-
tant to be aware of, and to apply the appropriate conversions
when communicating the values to others.

The reference point for ICP measurements is important. In
a typical EVD system, fluid-filled tubing is connected to an
external strain-gauge transducer that converts mechanical pul-
sations into an electronic signal. The accuracy of the ICP
measurement requires that the system has an uninterrupted
column of fluid and is properly leveled (referenced) to an
anatomical landmark; however, there is no universally agreed
upon standard reference point [4, 43, 45¢]. The most common
landmark is the tragus of the ear (48.6%) as an approximation
of the center of the skull. The second most commonly-
reported reference point is immediately adjacent to the exter-
nal auditory meatus (35.4%) [4]. However, using either of
these locations on the left, for example, in a patient who is
lying on his or her right side would result in the transducer
being leveled (referenced) higher than the center of the pa-
tient’s skull. One group found that fewer than 50% of citations

@ Springer



94  Page 6 of 8

Curr Neurol Neurosci Rep (2019) 19:94

reported ICP site and only 23% reported patient position [45¢].
Therefore, it is important that future studies involving ICP
measurements include these methodological details.

Because ICP values vary over time, it is important to clear-
ly communicate the meaning of reported values. For example,
over a given time span, which ICP should be reported? A
random time point? The mean ICP? A range? One study used
simultaneous video and continuous ICP measurements and
analyzed 15-min epochs after EVD clamping [39¢]. They
found that there is a very low probability that any single ob-
servation made during the 15-min period is reflective of the
entire period. This concept is reinforced by others who have
examined ICP dynamics and noted that at rest ICP values may
fluctuate up to 4 mm Hg within a single respiratory cycle [46].
Furthermore, nursing care procedures common to critically ill
patients have been associated with >30 mm Hg changes in
ICP over <5 min [46, 47].

In the setting of an open EVD, there are minimal data to
suggest how long the EVD should be leveled and closed (set
to monitor) prior to recording an ICP value [48]. (For accurate
measurement of ICP, the EVD must be closed.) Current prac-
tice was likely set by an influential study from 1991 which
recommended use of the end-hour ICP—defined as a single
value documented at the end of a 60-min period—as an esti-
mate of ICP [49]. Following this recommendation, clinical
practice started leaning towards a single measure reported at
the end of an epoch of time. As mentioned by the authors of
the original study, this method is only an estimate of “true”
ICP and fails to capture key features of clinical interest such as
ICP waveform, maximum and minimum values, and transient
elevations. Therefore, it is important to keep in mind that
although it remains a common practice, the end-hour ICP
should be interpreted as only a snapshot of the ICP during
the previous several minutes, not for the duration of the epoch.

The dynamic nature of ICP actually represents an impor-
tant opportunity to capture additional data about acutely brain
injured patients. For example, investigators have been devel-
oping methods of ICP waveform analysis to predict the suc-
cess of an EVD wean trial. One such study tested the hypoth-
esis that when in homeostasis, pulses with similar mean ICP
will have a similar waveform morphology [50+]. Conversely,
when perturbed, ICP pulses will be morphologically different,
even with the same mean ICP. Therefore, by evaluating the
ICP pulse morphological difference, EVD wean failure could
be predicted. This study needs to be validated in a prospective
cohort, but represents the kind of future research that could be
accomplished when ICP dynamics are taken into account.

Conclusions and Recommendations

Management of the EVD in the setting of SAH, TBI, and ICH/
IVH likely influences patient outcomes and length of stay. The

@ Springer

optimal approach to EVD management, however, remains
unclear. At a minimum, rapid or gradual EVD weans and
intermittent or continuous CSF drainage strategies appear
safe. Therefore, determination of best EVD management ap-
proaches for specific disease states should be goals for future
multicenter prospective studies.
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