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Abstract

Background Current guidelines recommend routine

clamping of external ventricular drains (EVD) for intra-

hospital transport (IHT). The aim of this project was to

describe intracranial hemodynamic complications associ-

ated with routine EVD clamping for IHT in neurocritically

ill cerebrovascular patients.

Methods We conducted a retrospective review of cere-

brovascular adult patients with indwelling EVD admitted

to the neurocritical care unit (NICU) during the months of

September to December 2015 at a tertiary care center. All

IHTs from the NICU of the included patients were exam-

ined. Main outcomes were incidence and risk factors for an

alteration in intracranial pressure (ICP) and cerebral per-

fusion pressure after IHT.

Results Nineteen cerebrovascular patients underwent 178

IHTs (79.8 % diagnostic and 20.2 % therapeutic) with

clamped EVD. Twenty-one IHTs (11.8 %) were associated

with post-IHT ICP C 20 mmHg, and 33 IHTs (18.5 %)

were associated with escalation of ICP category. Forty

IHTs (26.7 %) in patients with open EVD status in the

NICU prior to IHT were associated with IHT complica-

tions, whereas no IHT complications occurred in IHTs with

clamped EVD status in the NICU. Risk factors for post-

IHT ICP C 20 mmHg were IHT for therapeutic procedures

(adjusted relative risk [aRR] 5.82; 95 % CI, 1.76–19.19),

pre-IHT ICP 15–19 mmHg (aRR 3.40; 95 % CI,

1.08–10.76), pre-IHT ICP C 20 mmHg (aRR 12.94; 95 %

CI, 4.08–41.01), and each 1 mL of hourly cerebrospinal

fluid (CSF) drained prior to IHT (aRR 1.11; 95 % CI,

1.01–1.23).

Conclusions Routine clamping of EVD for IHT in cere-

brovascular patients is associated with post-IHT ICP

complications. Pre-IHT ICP C 15 mmHg, increasing

hourly CSF output, and IHT for therapeutic procedures are

risk factors.

Keywords Intrahospital transport � Neurocritical care �
Critical care � External ventricular drain � Complications

Introduction

Intrahospital transport (IHT) of critically ill patients can be

associated with perturbations in hemodynamic and respi-

ratory parameters [1–5]. Neurocritically ill patients

undergo IHT for computed tomography (CT), magnetic

resonance imaging (MRI), and for procedures in the

operating room and neuroradiology suites. In this group,

secondary brain insults such as hypoxia, hypocarbia or

hypercarbia, systemic hypotension, as well as high

intracranial pressure (ICP) occurring during IHT can be

position related or device related and may lead to reduction

in cerebral perfusion pressure (CPP) and cerebral ischemia

[2, 6–9].

An external ventricular drain (EVD) is the gold standard

method when both ICP monitoring and external cere-

brospinal fluid (CSF) diversion are required. Between 1988
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and 2010, an estimated 500,000 ventriculostomy proce-

dures were performed in the USA, most commonly in

patients with subarachnoid hemorrhage (SAH) and intrac-

erebral hemorrhage, with an increasing trend over time

[10]. Current guidelines recommend routine clamping of

EVD during IHT due to concerns for CSF overdrainage

[11–13]. While typical hourly CSF drainage in adults is

generally under 20 mL, complications of overdrainage at

any time and over many days are not benign. Overdrainage

of CSF from an EVD can certainly lead to intracranial

hypotension, which in patients with a ruptured and unse-

cured cerebral aneurysm can promote re-bleed due to

sudden increase in transmural pressure (MAP-ICP)

[14–16]; subject patients to subdural hemorrhage due to

bleeding from disruption of bridging veins [17–19]; and

also potentially contribute to reverse brain herniation [20].

Intracranial hypertension has also been reported in many

clinical studies on IHT in neurocritically ill patients, but

none address specific EVD management during IHT

[7, 9, 21]. A recently published prospective study by

Kleffmann et al. [22] demonstrated ICP elevation during

IHT in neurocritically ill patients. However, there was no

discussion on EVD management in 50 % of the patients

who had indwelling EVD.

Despite the guidelines and checklists that have been

developed to improve the safety of critically ill patients

during IHT [23–30], the frequency and severity of

intracranial hemodynamic complications associated with

routine EVD clamping are largely unknown. However,

there is a lack of specific recommendations for testing

tolerance to EVD clamping prior to initiation of IHT,

regarding EVD clamping protocols or regarding ICP

monitoring during IHT in neurocritically ill patients.

Additionally, the most recently published guidelines for the

management of EVD do not include IHT recommendations

[31]. To bridge this gap in knowledge, we examined the

incidence and factors associated with intracranial hemo-

dynamic complications associated with routine EVD

clamping during IHT in neurocritically ill cerebrovascular

patients.

Methods

Study Center and Data Sources

A retrospective cohort study was conducted at Harborview

Medical Center (HMC) using the Online Record of Clinical

Activity (ORCA) and the electronic Anesthesia Informa-

tion Management System (AIMS). Institutional review

board approval was obtained from the University of

Washington and the project was deemed appropriate as an

institutional quality improvement project.

Harborview Medical Center is a 413-bed Level-I trauma

center affiliated with the University of Washington and has

a dedicated 30-bed neurocritical care unit (NICU) spe-

cialized in care for patients with stroke, traumatic brain and

spinal cord injury, and neuraxial tumors. At HMC, all

patients with indwelling EVD must be admitted to the

NICU. Our protocol for transporting ICU patients man-

dates the presence of a registered ICU nurse (RN) to

accompany patients at all times. If the patient is intubated,

a respiratory therapist accompanies the RN. If the patient is

transported for anesthesia care, an anesthesia provider will

be present for the entire transport. We follow the American

Association of Neuroscience Nurses practice guidelines for

management of EVD and lumbar drains [19]. Thus, by

default, all EVDs are expected to be clamped while in IHT.

However, ICP monitoring is left to the discretion of the

transport personnel. There is no protocol for a standardized

testing tolerance to EVD clamping at HMC, and its use is

left to the clinician’s discretion. EVD clamping in patients

with SAH and ICH follows the conventional pattern of

incremental increases in ‘‘setting of EVD.’’ As the setting

of EVD changes throughout the hospital course, patient’s

neurological condition, absolute and trend in ICP and serial

evaluation of ventriculomegaly on non-contrast CT scan

will be considered before decision for EVD removal or

plans made for ventriculoperitoneal shunt.

Patient Population

Patients at least 18 years old who were diagnosed with

nontraumatic intracranial hemorrhage and admitted to the

NICU from September to December of 2015 were identi-

fied via daily chart screening at NICU admission. To be

eligible, patients must have had an EVD placed within 24 h

after admission and undergo at least one IHT from the

NICU. We continued follow-up of all IHTs of enrolled

patients until they were discharged from the NICU. Indi-

vidual IHTs were excluded from analysis if the IHTs

occurred without an EVD or if there were missing or

unreliable ICP measures within 4 h prior to or after com-

pletion of IHT.

IHT Variables

IHT was classified for diagnostic or therapeutic procedures.

IHTs for diagnostic procedures were defined as transports

to CT, MRI, or angiography suite and included time spent

during return of the patient to the NICU (round trips). IHTs

for therapeutic procedures were defined as any transports

from NICU to either the angiography suite or the operating

room (one way trips) and did not include time spent during

the procedure or return to the NICU since the EVD is

normally reset and open to drain during the procedures.
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The beginning of IHT was defined from the time the last

NICU vital signs were recorded before departure for both

diagnostic and therapeutic IHTs. For diagnostic proce-

dures, the end of IHT was defined as the time the first vital

signs were recorded following the patient’s return to the

NICU. For therapeutic procedures, the end of IHT was

defined as the first vital signs recorded at the final

destination.

Outcomes

The main outcome of interest was incidence of intracranial

hemodynamic complications associated with IHT, which

were defined as an alteration in ICP and CPP after IHT. We

categorized changes in ICP into three severity categories as

follows: Category 1, ICP < 15 mmHg; Category 2, ICP

15–19 mmHg; and Category 3, ICP C 20 mmHg. IHT

associated with ICP change was defined as (1) post-IHT

ICP C 20 mmHg or (2) escalation into a higher ICP cate-

gory. IHT associated with CPP complications was defined

as post-IHT CPP < 50 mmHg.

We also examined factors associated with complications

such as duration of IHT (10-min increments), number of

days since admission when IHT took place, average hourly

CSF output prior to IHT, EVD clamp status in NICU prior

to IHT, unscheduled IHT, purpose of IHT, and intubated

condition during IHT.

Data Collection

Clinical patient characteristics included age, gender,

admission diagnosis, admission Glasgow Coma Scale

(GCS) score, duration of EVD, presence of endotracheal

intubation, hospital length of stay (LOS), ICU LOS, and

discharge outcome. All IHTs from NICU in every patient

were captured, and the following data were abstracted from

the medical record and AIMS: purpose of IHT (diagnostic

or therapeutic), destination (CT, MRI, Angiography,

operating room), duration of IHT, vital signs, ICP and CPP

both pre- and post-IHT, EVD clamp status, and CSF

draining. EVD setting in NICU was classified as open or

clamped. CSF drainage was measured in mL/h in the 24 h

preceding the IHT.

Statistical Analysis

We tested the distributions of ICP, CPP, MAP and SBP,

pre-IHT GCS score, days since NICU admission, duration

of IHT, and pre-IHT ICP with the Kolmogorov–Smirnov

test. Differences in median values and interquartile ranges

(IQR) of those variables were then reported and evaluated

using a Wilcoxon matched-pairs signed rank test for

comparing pre- and post-IHT by patient and using the

Wilcoxon rank sum test when comparing IHT character-

istics by NICU EVD clamp status (open vs. clamped).

Additional IHT characteristics (i.e., pre-IHT

ICP C 15 mmHg, IHT for diagnostic purposes, unsched-

uled IHT, intubation during IHT, and post-IHT ICP

of C 20 mmHg) were evaluated by comparing the char-

acteristics of IHTs by EVD clamp status in the NICU and

tested with a two-sample test for binomial proportions.

Escalation of ICP category by EVD clamp status was tested

with a Fisher exact test to compare categorical levels. Two-

tailed statistical tests were considered significant at

a < 0.05.

A multilevel mixed-effects Poisson regression was used

to calculate the relative risk (RR) for transport character-

istics associated with post-IHT ICP C 20 mmHg. Ordinal

logistic regression was used to calculate the odds ratios

(OR) associated with increasing ICP category. Due to the

small sample size, patient level characteristics (age, sex,

diagnosis, and GCS score) were not included in the mod-

els, but both models were clustered by patient to account

for individual level characteristics; individual IHTs were

the unit of analysis. All RRs and ORs report the risk of

those individual characteristics, adjusting for all other

transport characteristics. As a secondary analysis, receiver

operating characteristic (ROC) curves were constructed to

test the ability of pre-IHT ICP and CSF drainage to predict

both post-IHT ICP C 20 mmHg and increasing ICP cate-

gory. All analyses were performed using Stata version 13

[32].

Results

Characteristics of 19 Patients

During a 3-month period, 19 cerebrovascular patients with

indwelling EVDs were admitted to the NICU. The most

common admission diagnosis was SAH (79.0 %), the

majority (ten patients) having high-grade SAH. Fourteen

patients (73.7 %) were mechanically ventilated during at

least one IHT. Seventy-one IHTs (39.9 %) occurred when

the patients were intubated and on controlled mechanical

ventilation. Patient details are presented in Table 1.

Characteristics of 178 IHTs

There were a total of 207 IHTs from NICU. We excluded

13 IHTs performed without indwelling EVD and 16 IHTs

with missing pre- or post-IHT ICP. A total of 178 IHTs

were included in the final analysis (Fig. 1).
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EVD Characteristics

Of all 178 IHTs, 145 (81.5 %) had an open EVD clamp

status in the NICU prior to IHT, and 33 (18.5 %) IHTs had

clamped EVD status in 24 h before IHT. When actively

drained, the mean hourly CSF output was 7.1 ± 3.8 mL/h.

Destination

Among the 50 unscheduled IHTs, 30 (60 %) were for an

emergency CT scan and 10 (20 %) were for a therapeutic

angiogram for treatment of cerebral vasospasm. While

diagnostic IHTs were spread over the entire admission

Total IHT from ICU 
n = 207

Excluded 
without EVD (n = 13) 
missing pre/post ICP (n = 16) 

IHT included for analysis 
n = 178

Diagnostic procedure 
n = 142 (79.8%)

CT
n = 112 (78.9%) 

MRI
n = 20 (14.1%) 

Diagnostic angiogram 
n = 10 (7.0%) 

Therapeutic procedure
n = 36 (20.2%)

Therapeutic angiogram
n = 24 (66.7%) 

n = 82 (72.8%) n = 20 (100%) n = 9 (90.0%) n = 24 (100%) n = 10 (83.3%) 
EVD clamp status in 

NICU (open) 
n = 145 (81.5%)

n = 17 (20.7%) n = 2 (10.0%) n = 1 (11.1%) n = 12 (50.0%)  n = 8 (80.0%) ICP complications 
n = 40 (27.6%)  

Operating room
n = 12 (33.3%)

•
•

Fig. 1 Flowchart of included 178 intrahospital transports (IHT) of 19 neurocritically ill cerebrovascular patients with indwelling external

ventricular drains (EVD) from NICU admission to discharge from September to November 2015

Table 1 Clinical characteristics

of 19 neurocritically ill

cerebrovascular patients with

indwelling external ventricular

drains (EVD) admitted to

neurocritical care unit (NICU)

from September to November

2015

All patients (n = 19) N (%)

Age (years)a 64 (48–76)

Female 12 (63.2 %)

Admission Glasgow Coma Scalea 9 (8–14)

Hunt and Hess scale (n = 15)a 4 (3–4)

Diagnosis

Subarachnoid hemorrhage 15 (79.0 %)

Ruptured arteriovenous malformation 2 (10.5 %)

Intracerebral hemorrhage 2 (10.5 %)

Duration of EVD (days)a 18 (16–22)

Ventilator days (days)a 4 (3–11)

ICU length of stay (days)a 20 (16–23)

Hospital length of stay (days)a 24 (22–34)

Discharge outcomes

To home 7 (36.8 %)

To skilled nursing facility 4 (15.8 %)

To rehabilitation 5 (26.3 %)

Death 4 (21.1 %)

Data are presented as median with interquartile ranges or number (%)
a Data are presented as median with interquartile ranges
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period while in the NICU, therapeutic IHTs occurred early

in the NICU stay, in which 15 IHTs (41.7 %) occurred

within the first three days. Median number of IHTs per

patient was 8 (IQR 6–13). The most common IHT was to

CT (median number of IHT per patient 5 [IQR 4–8].

Duration

Mean duration of diagnostic IHT was 50 ± 24 min, while

that of therapeutic IHT was 26 ± 16 min. IHTs to MRI

accounted for the longest IHT duration (66 ± 25 min)

followed by diagnostic angiogram and CT (64 ± 32 and

46 ± 22 min, respectively). Mean duration of IHT for a

therapeutic angiogram was 29 ± 17 min and to the oper-

ating room was 20 ± 12 min. Mean IHT duration was

shorter in patients with lower pre-IHT GCS; for pre-IHT

GCS score of 3–8, 9–13, and 14–15, mean IHT durations

were 38 ± 19, 42 ± 22, and 57 ± 29 min, respectively.

IHT Complications

Median post-IHT ICP was higher compared to pre-IHT

ICP (9 mmHg [5–14] vs. 7 mmHg [3–11], respectively,

[p < 0.001]). Median post-IHT CPP was lower after

therapeutic IHT (pre-IHT CPP of 74 (69–92) mmHg and

post-IHT CPP 71 (50–82) mmHg, [p = <0.001]). How-

ever, there was no difference observed between pre- and

post-CPP for diagnostic procedures. There was no differ-

ence between MAP and SBP before and after IHT for all

IHTs and in the therapeutic subgroup (Table 2).

Pre- and post-IHT ICP remained below 15 mmHg in

most IHTs (129, 72.5 %). Twenty-one IHTs (11.8 %)

were, however, associated with a post-IHT

ICP C 20 mmHg. Among those, 14 IHTs (66.7 %) had

newly developed intracranial hypertension associated with

IHT. Six IHTs had post-IHT ICP elevated to more than

30 mmHg, five of which were observed in a single patient

with high-grade SAH.

Thirty-three IHTs (18.5 %) were associated with esca-

lation to a higher ICP category; 29 IHTs were from pre-

ICP Category 1, and 4 IHTs were from pre-ICP Category

2. Cerebral hypoperfusion (CPP < 50 mmHg) occurred in

9 IHTs (5.1 %), with all occurring in patients without

preexisting intracranial hypertension.

EVD Clamping Status Prior to IHT

Of 178 IHTs, 81.5 % IHTs (n = 145) were conducted

while the EVDs were open and actively draining CSF in

the NICU prior to IHT. Of these, forty IHTs (27.6 %) were

associated with either a post-IHT ICP C 20 mmHg or

escalation of ICP category. None of the 33 IHTs (18.5 %)

in patients whose EVD status was clamped in the NICU T
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were associated with IHT-related ICP complications. The

characteristics of IHT by EVD clamp status are presented

in Table 3.

Factors Associated with IHT-Related ICP Complications

Factors associated with post-IHT ICP C 20 mmHg were

therapeutic IHT (adjusted relative risk [aRR] 5.82; 95 %

CI, 1.76–19.19), pre-IHT ICP 15–19 mmHg (aRR 3.40;

95 % CI, 1.08–10.76), and post-IHT ICP > 20 mmHg

(aRR 12.94; 95 % CI, 4.08–41.01). Therapeutic IHT was

associated with escalation of ICP category (aOR 22.83;

95 % CI, 3.97–131.07).

Each 1 mL of average hourly CSF drained in the 24 h

prior to IHT increased the risk of post-IHT

ICP C 20 mmHg by 11 % (aRR 1.11; 95 % CI, 1.01–1.23)

and escalation of ICP category by almost 20 % (aOR 1.21;

95 % CI, 1.06–1.38). There was no association between

ICP complications and the following IHT characteristics:

number of days since ICU admission, unscheduled IHT,

mechanical ventilation, and duration of IHT (Table 4).

Predictors of IHT Associated with Complications

Using generated ROC curves, we identified pre-IHT

ICP C 10 mmHg to be a good predictor for post-

IHT C 20 mmHg (area under the curve [AUC] = 0.84,

SE = 0.05) with a sensitivity of 81.2 % and specificity of

25.2 %, and a fair predictor of escalation of ICP category

(AUC = 0.72, SE = 0.05) with a sensitivity of 60.0 % and

specificity of 22.1 %. Pre-IHT CSF drainage of C 5 mL/h

was found to be a poor predictor of post-IHT

ICP C 20 mmHg (AUC = 0.69, SE = 0.04) with a sen-

sitivity of 95.2 % and specificity of 56.9 % and a poor

predictor of ICP category escalation (AUC = 0.69,

SE = 0.05) with a sensitivity of 82.6 % and specificity of

57.4 %.

Outcomes in 19 Patients

Fourteen patients (73.7 %) had at least one ICP compli-

cation. Patients with low-grade SAH (Hunt and Hess I–III)

accounted for only four (9.3 %) of the total IHTs with post-

IHT ICP C 20 mmHg, and six IHTs (13.9 %) had escala-

tion of ICP category; while the high-grade group (Hunt and

Hess IV–V) accounted for 15 IHTs (14.9 %) with post-

IHT C 20 mmHg, and 21 IHTs (20.8 %) had escalation of

ICP category. Five patients in our study died during hos-

pitalization. These five patients accounted for 47 IHTs; 10

IHTs (21.3 %) had post-IHT C 20 mmHg and 10 IHTs

(21.3 %) had escalation of ICP category. Among the 14

patients who were alive at discharge, 11 IHTs (8.4 %) had

post-IHT C 20 mmHg and 23 IHTs (17.6 %) had escala-

tion of ICP category.

Discussion

The main findings of this study are that (1) neurocritically

ill cerebrovascular patients experienced significantly large

number of IHTs, especially for head CT scans; (2) IHTs

occurred in the more critically ill patients and early, during

Table 3 Characteristics of intrahospital transport (IHT) by EVD clamp status (open vs. clamped) at the neurocritical care unit prior to IHT

IHTs with open EVD (n = 145) IHTs with clamped EVD (n = 33) p value

Median (IQR) Median (IQR)

Pre-IHT Glasgow Coma Scale 9 (7–13) 14 (13–14) <0.001

Days since NICU admission 6 (2–10) 18 (16–21) <0.001

Duration of IHT (min) 40 (27–60) 57 (30–60) 0.243

Pre-IHT ICP (mmHg) 8 (4–12) 6 (2–8) 0.030

N (%) N (%)

Pre-IHT ICP C 15 mmHg 19 (13.1 %) 1 (3.0 %) 0.049

IHT to therapeutic procedure 34 (23.4 %) 2 (6.1 %) 0.012

Unscheduled IHT 48 (33.1 %) 2 (6.1 %) <0.001

Intubated 71 (49.0 %) 3 (9.1 %) <0.001

Post-IHT ICP C 20 mmHg 21 (14.5 %) 0 (0 %) N/A

Escalation of ICP category 33 (22.8 %) 0 (0 %) N/A

Data are presented in medians and interquartile ranges (IQR) and number of IHTs and percent

ICP intracranial pressure
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the first few days after NICU admission; (3) the first testing

for tolerance to EVD clamping often occurred during IHT

and predisposed patients to ICP complications; and (4)

factors associated with IHT-related complications were

pre-IHT EVD clamp status, pre-IHT ICP, hourly EVD CSF

output, and IHT purpose. These findings suggest that the

practice of routine EVD clamping for IHT in neurocriti-

cally ill patients should be reconsidered.

When assessing patients whose EVDs are actively

drained in the NICU, our study shows that clinicians need

to consider the purpose of IHT (diagnostic vs. therapeutic),

baseline pre-IHT ICP, and the amount of CSF output prior

to IHT. In our study, those patients transported for thera-

peutic procedures were more critically ill at baseline with

higher baseline pre-IHT ICP and lower pre-IHT CPP, thus

predisposing them to either post-IHT ICP C 20 mmHg or

escalation of ICP category. The findings of elevated

baseline ICP C 15 mmHg are consistent with that of

Picetti et al. [9], who prospectively observed neurocriti-

cally ill patients being transported to the CT scanner and

found that ICP remained high during IHTs of all patients

with pre-IHT ICP > 20 mmHg. In these patients with

elevated baseline ICP, further increase in ICP could be

prevented by treatment of intracranial hypertension within

2 h prior to IHT [6]. One recent study demonstrated that a

mean 24-h CSF output of >130 mL, at an EVD setting of

+15 mmHg, was associated with EVD clamp trial failure

in SAH patients during the EVD weaning period [33].

While this study was not conducted within the context of

IHT, the findings suggest some patients with high hourly

CSF output rely on external CSF diversion. Given these

three risk factors, patients at high risk of ICP complications

may benefit from continuing CSF diversion during IHT in

addition to aggressive intracranial hypertension treatment

prior to IHT. These three risk factors may also help pri-

oritize ICP monitoring in resource-limited environments.

In this study, a large number of IHTs of neurocritically

ill patients with indwelling EVDs were associated with ICP

complications. Loss of cerebral autoregulation, changes in

patient’s position, and altered ventilation make these

patients more susceptible to CPP effects including cerebral

ischemia during IHT. Since the reduction in CPP in our

project was primarily related to elevation in ICP, it might

stand to reason that ICP should be routinely monitored and

recorded during IHT. However, while prospective studies

include meticulous ICP and vital sign monitoring and

recording, documentation of ICP or, for that matter, any of

the vital signs during IHT on paper or in the electronic

medical record is not standard of care in real-world prac-

tice. In a prior study assessing an implementation of a

standardized evaluation plan for IHTs with a specialized

team for transporting critically ill patients, documentation

of transport data did not occur 15.5 % of the time [34].

This illustrates the challenges of consistent data collection.

These missing data during a vulnerable period are not only

problematic for patient care but also underestimate the

actual incidence of IHT-related complications, resulting in

delayed recognition and delayed treatment of intracranial

hypertension. Other than administration of hyperosmolar

agents and/or transient hyperventilation, unclamping of the

EVD to allow CSF drainage may also be a therapeutic

option. Therefore, monitoring and documentation of ICP

and other vital signs during IHT in neurocritically ill

patients with indwelling EVD is warranted.

In this cohort, ICP complications during IHT occurred

only in those patients whose EVD was being actively

Table 4 Risk of complications associated with intrahospital transport (IHT) by potential risk factors and alterations in intracranial pressure

(ICP) adjusted for other covariates included in the model, clustered by patient and procedure

aRR for post-IHT ICP C 20 mmHga aOR of escalation of ICP categorya

IHT for therapeutic (n = 36) versus diagnostic (n = 142) 5.82 (1.76–19.19) 18.02 (3.95–82.31)

Pre-transport ICP category

Pre-IHT ICP < 15 mmHg 1.00 (ref) 1.00 (ref)

Pre-IHT ICP 15–19 mmHg 3.40 (1.08–10.76) 1.52 (0.43–5.32)

Pre-IHT ICP C 20 mmHg 12.94 (4.08–41.01) N/A

Intubated 0.58 (0.24–1.41) 1.16 (0.41–3.29)

Duration of IHT in 10-min increments 0.95 (0.91–0.99) 1.05 (0.91–1.22)

Days since ICU admission 0.97 (0.86–1.08) 0.97 (0.88–1.06)

Hourly CSF drained (mL/h) 1.11 (1.01–1.23) 1.21 (1.06–1.38)

Unscheduled IHT 1.20 (0.62–2.32) 0.55 (0.12–2.46)

aRR adjusted relative risk, aOR adjusted odds ratio, ICU intensive care unit, and CSF cerebrospinal fluid
a Each RR and OR have been adjusted for all other IHT characteristics
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drained in the NICU prior to IHT and then clamped for and

during IHT. This finding is important because many

patients in their early NICU stay are dependent on CSF

diversion to maintain normal ICP, especially early in their

hospital course when many IHTs occur. Routine EVD

clamping for IHT in these patients results in a testing for

tolerance to EVD clamping, which according to this study,

they fail during IHT. Present data suggest that tolerance to

EVD clamping should be tested in the NICU prior to

deciding on whether or not to clamp EVDs for IHT.

Current national guidelines on EVD management during

IHT do not address testing for tolerance to EVD clamping

and are driven largely by concerns of CSF overdrainage. It is

also unknown to what extent the tests are routinely per-

formed in NICUs across the USA, and it is unclear as to how

test for tolerance to EVD clamping is defined. Bérubé et al.

[35] defined ICP monitoring and presence of EVD as risk

factors for transport-related complications and suggested

evaluating the patients in dorsal decubitus position 10 min

before leaving the unit. While a significant proportion of

IHTs are unscheduled and cannot be avoided, it is still pru-

dent to understand risks involved with these IHTs. We think

that testing for tolerance to EVD clamping should probably

replicate IHT conditions and destination characteristics.

Potential elements to be considered include addressing head-

of-bed positioning, simulated time of IHT, vertical posi-

tioning of EVD chambers, ICP targets and CSF volume for

opening and clamping EVD during IHT, and monitoring of

ICP. In a prospective observational study, 26 % of the IHTs

of patients with ICP monitoring required additional ICP

therapy during IHT [22]. According to the data, patients at

high risk may require the transport personnel to carry med-

ications such as sedation or hyperosmolar agents to treat high

ICP that potentially occurs during IHT. Furthermore, EVD

management must occur in the context of physiology that

affects ICP, including targets for PaCO2, and blood pressure.

Since longer head-of-bed to zero-positioning periods such as

occur with MRI and diagnostic angiograms may not be tol-

erated in patients with poor intracranial compliance despite

open EVD and active CSF drainage, the risk benefit ratio of

the IHT should be considered and reassessed. Our study

suggests that patients whose EVD is clamped in the NICU

without ICP complications prior to IHT may be able to tol-

erate IHT without additional risk. Regardless of tolerance to

EVD clamping in the NICU, however, ICP monitoring

during IHT and at the final destinations should follow similar

monitoring and documentation standards as they would in

the NICU.

One of the strengths of our study is the fact that 178

IHTs were studied, thus making it one of the largest IHT

studies on neurocritically ill patients. This gave us the

opportunity to cluster the results at a patient level to

identify risk factors for post-IHT ICP complications. Some

limitations of this study are its retrospective single-center

design and small patient sample size, which may limit

study generalizability. We were unable to collect real-time

IHT data on hemodynamic and ICP monitoring, actual

EVD management during IHT (clamped or open), actual

duration of EVD clamping, and precise IHT duration.

Since changes in ICP can be multifactorial (head-of-bed

positioning, pain, agitation, hypoxia, hypercarbia, and

hypocarbia), contributions of such factors during IHT in

addition to effect of clamping of EVD on ICP could not be

determined. Moreover, we were unable to demonstrate

duration of ICP elevation or its effect on cerebral O2

delivery since none of our patients received PbtO2 moni-

toring. We were not able to include some patient factors

such as age, sex, diagnosis, admission GCS, and survival

outcomes into a multivariate analysis model for risk factors

associated with complications due to small sample size,

although IHTs were clustered by patient to control for these

individual characteristics. In addition, the majority of the

patients had a SAH, which may limit generalization of our

findings to other neurocritically ill patients.

In summary, results from this small study provide new

and clinically relevant information, suggesting that routine

EVD clamping for IHT in neurocritically ill cerebrovascular

patients is associated with post-IHT ICP C 20 mmHg and

escalation in ICP category. Findings also suggest that a

formal approach to evaluating the potential for ICP com-

plications during IHT such as by testing tolerance to EVD

clamping and simulating IHT conditions is warranted.

Finally, all neurocritically ill cerebrovascular patients with

indwelling EVD should receive ICP monitoring during IHT.
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