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Abstract

Background Intrahospital transport is associated with a
high rate of complications. Investigations of this problem
using neuromonitoring remain scarce.

Methods This is a monocentric, prospective observational
study. Patients with severe brain diseases and intracranial
pressure (ICP) monitoring were included. Continuous moni-
toring of ICP, cerebral perfusion pressure (CPP), oxygen
saturation (SpO,), heart rate, and mean arterial pressure was
measured during seven different periods of intrahospital
transport (baseline for 30 min, I = preparation, II = trans-
port LIIT = CT scan, IV = transportIl, V = postprocessing,
and follow-up for another 30 min). All complications were
documented.

Results Between July 2013 and December 2013, a total
number of 56 intrahospital transports of 43 patients were
performed from ICU to CT. Data recording was incomplete
in six cases. Fifty transports have been taken into account for
statistical analysis. Forty-two percent were emergency
transports. Mean duration of the procedure was 17" (prepa-
ration), 6’ (transport I), 9’ (CT scan), 6’ (transport IT), and 15’
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(postprocessing), respectively. Mean ICP at baseline was
8.53 mmHg. Comparing all periods of intrahospital trans-
port and the follow-up period to the baseline showed a
significant increase of ICP only during CT scan
(15.83 mmHg, p < 0.01), not during the transport to and
from the radiology department. An overall complication rate
of 36 % (n = 18) was observed. In 26 % (n = 13), addi-
tional ICP therapy was necessary due to an elevation of ICP
above 20 mmHg.

Conclusion There is a considerable rate of complications
during intrahospital transport of critically ill patients with
severe brain diseases, with a significant increase of ICP
during transport and CT scan. In one-fifth of all patients,
additional therapy was necessary. From our point of view,
transport of critically ill patients should only be performed
by trained staff and under monitoring of ICP and CPP.

Keywords ICP - CT - Intrahospital transport -
Staff - CPP - Neuromonitoring - ICU

Introduction

Increased intracranial pressure (ICP) has been observed
during several procedures in the management of critical ill
patients with severe brain diseases, such as tracheostomy or
prone positioning [1-3]. Transport of critically ill patients
is a daily routine in intensive care units. However, intra-
hospital transport is associated with an increased risk for
patients [4—6]. Studies report incidents in 4.2-70 % of
critically ill patients during intrahospital transport [7].
Possible complications known to occur include airway
management issues, extravasation, infiltration or displace-
ment of peripheral arterial or venous lines, and
cardiovascular alterations [8]. In addition, therapeutic
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intervention possibilities are limited during such transports
compared to those of an intensive care unit with its
infrastructural setting. Patients of a neurological/neuro-
surgical intensive care unit differ from those of a surgical-
or internal medicine-dominated critical care unit in many
factors, especially in the higher number of patient trans-
ports involved in neuroradiologic diagnostic procedures
[9]. Cranial computer tomography (cCT) is a frequently
performed and repeated procedure, especially in patients
with severe cerebral diseases, and is required for diagnosis
and decision-making during the critical phases of the
underlying condition.

Besides the general risk factors mentioned above, the
transport could per se determine an increase in the ICP
value (e.g., through respiratory complications leading to an
increased pCO, and a consecutive ICP rise). ICP could
increase due to the transport itself or could be evoked
during placement of the patient on the CT table. Up until
now, only a few studies have investigated complications of
intrahospital transport of patients of a neurointensive care
unit, especially with regard to the development of ICP and
cerebral perfusion pressure (CPP) [9-12].

Methods
Study Design and Setting

We performed a monocentric, prospective observational
study on the 12 beds in our neurointensive care unit
(NICU) in a tertiary hospital in Germany (Department of
Neurology and Department of Neurosurgery at Klinikum
Kassel) between July 2013 and December 2013.

Study Population

Cases were considered eligible for analysis if patients had
severe intracranial pathologies, presence of ICP monitoring,
and need of intrahospital transport (CT scan). [We also
perform MRI investigation; however, patients with ICP
devices are not suited to undergo MRI, and therefore such
patients were not included in the study.] ICP monitoring was
performed due to the necessity of monitoring patients with
reduced consciousness. Indication for monitoring ICP and
indication for intrahospital transport was made by the senior
neurointensivist on duty, and this study had no influence on
this decision. All patients were ventilated mechanically in a
pressure-controlled mode (BiPAP mode, EVITA®, Dréger,
Liibeck, Germany). A team of at least two staff members of
the NICU, including one physician, made intrahospital
transport. After preparing the patient for transport, the ven-
tilator was switched to a mobile device by the physician
(OXYLOG® 3000 plus, Driger, Liibeck, Germany). The

ventilation parameters were adapted, and FiO, was elevated
to 1 for preoxygenation (Phase I, “Preparation”). The team
always carried an emergency backpack with them including
relevant drugs and emergency tools such as resuscitator bag,
laryngoscope, or a manual suction pump. Both the NICU and
the CT suite are located on the ground floor of our hospital,
but in neighboring buildings. The patients were transported
in their own beds. Motor vehicles were not used (Phases 11
and IV “Transport”). Repositioning of the patients was
necessary only to transfer the patient onto the CT table, with
additional help from the radiological staff members (Phase
III “CT scan”).

Variables and Measurements

Due to treatment algorithms for certain diseases in the
Department of Neurology and the Department of Neuro-
surgery, CT scans are scheduled for certain days. For
instance, all patients receive CT scan 6 h after intradural
surgery. These transports were labeled “elective.” Trans-
ports due to an acute clinical deterioration that was not
predictable, such as occurrence of an anisocoria, were
categorized as “emergency” transports. Continuous moni-
toring (minute-to-minute measurement) of ICP, CPP,
oxygen saturation (SpO,), and mean arterial pressure
(MAP) was performed in all patients. Data recording
started 30 min before the procedure and was continued for
another 30 min after the end of the procedure (Infinity®
Delta, Dréger, Liibeck, Germany). ICP measurement was
performed using intraparenchymal cerebral pressure mea-
surement (NEUROVENT-P, Raumedic AG, Miinchberg,
Germany). The minute-to-minute individual measurements
were compiled as mean values for the individual phases of
the transport (I = preparation, II = transport to the radi-
ology department, IIl = CT scan, IV = transport back to
our critical care unit, and V = post-transport monitoring).
Primary endpoints were change in ICP and CPP in com-
parison with the initial baseline-levels. Secondarily
evaluated parameters were MAP, SpO,, and descriptive
data (the presence of external ventricular drainage and/or
decompressive hemicraniectomy, need for additional ICP
therapy during transport). Depth of sedation was measured
before each transport using the Ramsay Score (RS). Pos-
sible complications occurring during transport, such as
respiratory disturbances or displacements of peripheral
catheters, were documented separately.

Ethical Considerations
The study was approved by the local ethics committee

review at Philipps University of Marburg (ID 67/13). We
have prepared our publication according to the
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Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement [13].

Statistical Methods

The median values were calculated for ICP, CPP, and MAP
in all five phases of the transport and subsequently com-
pared to baseline. To detect differences between the
phases, we used pairwise Wilcoxon Test with Bonferroni—
Holm correction for multiple testing. A probability value of
p < 0.05 was considered significant. The analysis was
done with R (version 2.14.1, The R Foundation for statis-
tical computing).

Results

Between July 2013 and December 2013, a total number of
367 patients were treated on our NICU. Fifty-two of these
required ICP monitoring. We collected data prospectively
from 56 intrahospital transports involving 43 patients (2
transports in 5 patients, 3 transports in 1 patient, 4 trans-
ports in 2 patients). The mean age was 58 years, with a
range from 23 to 76 years [female n = 28 (56 %), male
n = 22 (44 %)].

Descriptive data of the patients are shown in Table 1.
Data recording was incomplete in six cases due to technical
hazards such as failure of the recording system. Fifty
transports have been taken into account for statistical
analysis. Forty-two percent were emergency transports.

Outcome Data

Mean duration of the procedure was 17’ (I = preparation),
6' (Il = transport I), 9’ (Il = CT scan), 6' (IV = transport
II), and 15’ (V = postprocessing), respectively. The pro-
cess of the procedure is illustrated in Fig. 1. Mean ICP
before beginning the transport was 8.53 mmHg. Compar-
ing all five phases of intrahospital transport and the follow-
up period to baseline revealed a significant increase of ICP
only during CT scan (15.83 mmHg, p < 0.01) (Fig. 2).
Corresponding to changes of ICP, there was a significant
decrease of CPP compared to baseline (82 mmHg) during
CT scan (72 mmHg, p < 0.01) (Fig. 3). Development of
MAP is illustrated in Fig. 4. SpO, did not show any sig-
nificant changes compared to the baseline value of 99 %.

Complications
There were two pulmonary complications that exceeded
the upper ventilation pressure of 30 mbar. Three additional

patients were agitated, with the need for deepening anal-
gosedation in order to perform the CT scan. Forty-two
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percent (n = 21) were emergency transports. Complica-
tions were observed in 36 % (n = 18). Unexpectedly, the
complication rate was lower in the “emergency” group
(33 %, n =7/21) than in the “elective” group (38 %,
n = 11/29). This difference was not statistically signifi-
cant. In 13 cases (26 %), ICP therapy with osmotherapy or
additional analgosedation was necessary. There is no sta-
tistically significant difference between patients with and
without hemicraniectomy in terms of additional ICP ther-
apy during the transport. All of these patients had a RS of 5
or 6 before transport. This is not surprising since all
patients in the critical phase of raised ICP are kept under
sedation on our ICU (64 % of all patients had a RS of 5 or
6). In case of raised ICP, we checked the measuring system
to exclude inaccurate measurements (due to replugging the
cables for the transport, incorrect values sometimes occur).
In cases of truly elevated ICP (>20 mmHg), we started
treatment immediately.

There were no catheter dislocations or severe hemody-
namic or respiratory complications in any of the 50
transports.

Discussion

We investigated ICP and CPP development during intra-
hospital transport of critically ill patients. The wide range
of patients with different underlying diseases represents the
typical collective of patients treated on our neurosurgical
and neurological ICU. Our results show a significant rise of
ICP with a corresponding drop of CPP during the phase of
CT scan compared to the baseline period. The overall rate
of complications during intrahospital transport was 32 %
and was, therefore, substantially elevated. This rate of
general complications is comparable to that seen in other
studies [8, 14, 15]. There are several recommendations for
lowering patient risk during intrahospital transport [7, 16,
17]. However, these studies and recommendations do not
focus on neurological intensive care patients. We observed
two kinds of complications in our study: (1) extracerebral
pulmonary complications exceeding the upper ventilation
pressure were very low; and (2) a group of patients were
anxious, restless, and agitated. Both complications were
easily managed by deepening analgosedation. In some
patients, only increased sedation was necessary because
they were agitated, suggesting that deepening sedation
before transport could have prevented this. Therefore, this
cannot be regarded as a real critical complication in the
narrow sense. Catheter dislocations [18] were not observed
in our study.

The number of complications was due to therapy-rele-
vant ICP elevation. It is of note that the mean baseline ICP
was very low in our cohort, increasing from 8 to 16 mmHg
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during CT scan, thus not exceeding the dangerous mean
ICP of 20 mmHg. In some cases, however, ICP increased
substantially. Furthermore, ICP-reducing therapy was
necessary in 13 cases (26 %) of all investigations. We
believe that this was due to the transfer of the patient from
their own bed to the CT table itself and the fact that a 30°-
45° head-up positioning could no longer be maintained
during CT scan. Median CPP during CT was 72.25 mmHg
with a mean CPP of 75.46 mmHg, respectively. This might

Table 1 Overview of patients

lead to the incorrect interpretation that CT scan can be
performed without additional endangerment of the patients
in any case. However, there was a statistically significant
decrease of CPP during the CT scan compared to baseline.
Furthermore, the minimum was 41 mmHg in one case,
although the majority of patients does not reach a CPP
level <60 mmHg during the phase of the CT scan, and the
minimum reached is 41.25 mmHg in one case.

ICP fortunately decreased again within a few minutes
after the end of the procedure, and this was accompanied
with an adequate increase of CPP. Furthermore, the duration
of the CT period, including transferring the patients from bed

. " to the CT table and back again after the investigation, was
Cause of admission manageable and lasted only for a mean of 9 min.
TBI 12 24 Whether or not the performed CT scan had immediate
SAH 24 48 clinical consequences was not part of this study. In order to
Infarct 4 8  reevaluate the necessity of performed scans, this would
ICH 6 12 have been an interesting aspect to analyze, especially in
Other 4 8 consideration of the (statistically not significant) higher
Urgency complication rate in the elective group. This will be taken
Elective 29 58  into account for future studies.
Emergency 21 42 Transport by motor vehicles or use of elevators is not
Ramsay score necessary in our hospital. The CT suite can be reached easily
RS 1 0 0 within a few minutes. This is only a single-center study, and
RS 2 0 o0 theconditions for intrahospital transport may differ and even
RS 3 5 10 be more complex in other intensive care units. There was no
RS 4 13 26 significant increase of mean ICP or decrease of mean CPP
RS 5 11 7p  during all other investigated periods of intrahospital trans-
RS 6 21 4»  port. However, transfer from bed to the CT table is always
External ventricular drainage necessary. This should be done with utmost caution. During
Yes 25 50  CT scan, the patient’s head should be positioned into correct
No 25 5o  axial alignment. Compression of the jugular veins should be
Hemicraniectomy avoided. Even a short-lasting elevation of ICP might harm
Yes 17 34  Patients during the critical phases of severe brain diseases.
No 13 66 The indication for intrahospital transport should always be
Gender critically questioned, and other diagnostic methods such as
Female 28 56 transcra‘nlal ultrasound or a pqrtable CT scan a}re pos'31ble
Male ” m alternatives [19]. In our opinion, a conservative attitude
regarding avoidable intrahospital transports for CT scans in
Er‘(g);olcofbw'cm study t=17' t=6' t=9' t=6" t=15
ICP =8.25 ICP=8.75 ICP=14.5 ICP=11.0 ICP=75
p=1.0 p=0.7835 p =0.0001 p=0.0008 p=1.0
[ [ [ [
Phase | Phase Il Phase Ill h @ Phase IV ) ( Phase V )
Preparation — Transport | CT scan | Transport Il —Postprocessing
= | (& - J y € | J
Baseline Follow-Up
t =30’ t=30"

ICP=75 minute-to-minute measurement of
ICP, CPP, SpO, & MAP

}»\ICF’J= 6.25
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critically ill patients is needed. In our clinic, alternative
procedures such as transcranial ultrasound, for example, in
patients who had undergone hemicraniectomy are increas-
ingly being put to use before CT scans are performed.
Some departments have outsourced intrahospital trans-
port to low-skilled staff and physicians who are not
involved in the routine therapy of the patients [20, 21]. In
our view, this is a worrying development. With regard to
the possible complications, especially ICP elevation and
CPP lowering, which often requires a therapeutic inter-
vention, we suggest that critical care unit personnel, who
are directly involved in the treatment of the patient, should

@ Springer

Treatment intervals

carry out such transports. In particular, it is plausible that
the lack of field-specific personnel resources and the
increase in outsourcing of certain activities lead to an
increased risk of harming patients.

From our point of view, transport of critically ill patients
should be performed only by trained staff and under moni-
toring of ICP and CPP. In order to further analyze subgroups
(hemicraniectomy vs. no hemicraniectomy, young vs. old,
etc.), acontinuation of the data collection is needed. One may
consider prophylactic ICP therapy immediately before CT
scan, for example by deepening sedation, but this must be
proven by further prospective studies.
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Fig. 4 Boxplot development
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