Wm gce,trlerocritical Neurocrit Care (2013) 18:298-304
il society DOI 10.1007/s12028-012-9802-1

ORIGINAL ARTICLE

Intra-hospital Transport of Brain-Injured Patients:

A Prospective, Observational Study

Edoardo Picetti - Marta Velia Antonini - Maria Chiara Lucchetti -
Serena Pucciarelli - Adriana Valente - Ilaria Rossi - Paolo Schiavi -

Franco Servadei - Maria Luisa Caspani - Mario Mergoni

Published online: 1 December 2012
© Springer Science+Business Media New York 2012

Abstract

Introduction Discrepant data exist regarding the incidence
and severity of clinical problems related to intra-hospital
transport of brain-injured patients and no consensus exists
whether modern-day intra-hospital transport represents a
safe or potentially problematic environment for neuroin-
tensive care unit (NICU) patients.

Methods We examined the incidence of clinical compli-
cations and physiological derangements that occurred in
160 neurologically injured patients (90 males, 70 females,
mean age 57 £ 17 years) who underwent intra-hospital
transport (288 cases, 237 scheduled, 51 unscheduled) for
computed tomography scans.

Results  Our findings indicate that (1) at least one significant
complication (predominantly hemodynamic) occurred in over
one-third (36 %) of all transports (p = n.s scheduled vs.
unscheduled) necessitating the deployment of interventions
designed to treat changes in arterial pressure (2) despite the
presence of trained medical personnel and availability of spe-
cialized equipment, intra-cranial pressure was not adequately
monitored during transports (especially in patients with intra-
cranial hypertension prior to transport) (3) intra-hospital
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transfer was associated with minor but statistically significant
clinical changes, including a reduction in arterial partial pres-
sure of oxygen (Pao, )/inspired oxygen fraction (Fip,) (only in
the scheduled transport population), decreased arterial lactate
levels (scheduled transport population), lowered body tem-
perature (scheduled transport population), and increased
arterial partial pressure of carbon dioxide (Paco,) (scheduled
transport population).

Conclusions Intra-hospital transport of brain-injured
NICU patients may present some hazards even if performed
by skilled personnel with specialized equipment. In Trauma
Centers such as ours, an improvement in the frequency of
neuromonitoring [intra-cranial pressure (ICP) and end-tidal
CO; (ETco,)] during transport is recommended.

Keywords Intra-hospital transport -
Traumatic brain injury - Intensive care - Neurocritical care -
Complications - Monitoring

Introduction

Neurointensive care unit (NICU) patients, with differing
cerebral injuries, undergo intra-hospital transport for ther-
apeutic and diagnostic reasons that expose those patients to
various hazards [1-15]. A number of problems have been
previously associated with NICU patient transport,
including a worsening of the patient’s clinical condition,
loss or failure of the instruments required for patient
monitoring and treatment, depletion of oxygen and battery
power, etc. [1-15]. These unforeseen events can lead to
additional hemodynamic (hypo/hypertension, arrhythmias,
etc.), respiratory (hypoxia, hypo/hypercapnia, etc.), and
neurologic (intra-cranial hypertension, etc.) complications.
As one of the primary goals of NICU care is to prevent the
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development of secondary insults (hypoxia, hypotension,
intra-cranial hypertension, etc.) to the injured brain
[16-19], the thoroughness of clinical care during transports
should approximate that found in NICU. However, previ-
ous studies provide discrepant data regarding the incidence
and severity of clinical problems related to intra-hospital
transports [1-15] and no consensus exists whether modern-
day intra-hospital transport represents a safe or potentially
dangerous environment for NICU patients. The objective
of this study was to prospectively analyze the incidence of
technical and clinical problems related to intra-hospital
transport of 160 neurologically injured NICU patients and
to evaluate the contribution of the transport to physiolog-
ical derangements observed in this patient population.

Methods

This study was reviewed by the Ethics Committee of the
Parma Hospital and the need for informed consent was
waived, as our prospective cohort observational study did not
necessitate modification of standard intensive care unit
(ICU) practice related to intra-hospital transports. Of 670
patients admitted to our ICU, 230 received a diagnosis of
neurological injury or disease. Of these 230 patients, 160
who required a computed tomography (CT) scan over a
1-year period were enrolled (see Table 1). In general, in our
department, a patient is brought to the CT scan for diagnostic
reasons due to a worsening of the clinical picture (e.g.,
neurological worsening or increased intra-cranial pressure
(ICP)] or as a control (e.g., postoperative period). Inclusion
criteria were: age over 18 years, established catheters for
blood pressure monitoring, confirmed diagnosis of neuro-
logical injury or disease, and need for an intra-hospital
transport for CT scan. During the ICU stay, patients were
treated according to published guidelines related to trau-
matic brain injury (TBI) [20], subarachnoid hemorrhage
(SAH) [21], intra-cerebral hemorrhage (ICH) [22, 23], and
acute ischemic stroke [24]. ICP monitoring was performed
using subdural, intra-ventricular, or intra-parenchymal
probes (Codman, Johnson & Johnson, Raynham, MA, USA).
Monitoring of ICP during the transfer was performed at the
discretion of the physician involved in the transport. Per-
sonnel involved in the transport included an ICU physician
and two members of the intra-hospital transport staff. The
transport team travels with a backpack containing an emer-
gency kit of airway supplies and medications. During
transportation, when indicated, the patient’s head was kept at
midline in a neutral position and elevated to 25-30°.
Transports were classified as (1) scheduled or (2) unsched-
uled. Scheduled transports were arranged a minimum of 1 h
before, while unscheduled transports typically organized
immediately following the decision to obtain the CT scan.
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Table 1 Diagnoses of patients at ICU admission
Diagnosis Number of patients (%)
TBI 56 (35) [36 with politrauma]
SAH 30 (18.75)
ICH 28 (17.5)
Postoperative of brain tumor resection 20 (12.5)
Acute ischemic stroke 16 (10)
Meningitis 7 (4.375)
Acute hydrocephalous 2 (1.25)
Epilepsy 1 (0.625)

Five minutes before the transport, an arterial blood gas
analysis (ABL 800 Flex, Radiometer Medical, Brgnshgj,
Denmark, Europe) was obtained and a measurement of body
temperature through a tympanic device (Genius II, Covidien,
Mansfield, MA, USA) was recorded. The same measure-
ments were repeated 5 min following the end of the
transport. All patients were transported on a stretcher
(Translife, Maquet, Rastatt, Germany, Europe) and the
bedside monitor (Infinity Delta, Draeger, Lubeck, Germany,
Europe) followed the patient allowing for monitoring of
cardiac rhythm, heart rate, invasive blood pressure, arterial
blood oxygen saturation (Spp,) and ICP. A portable
mechanical ventilator (Oxilog 2000 Plus, Draeger, Lubeck,
Germany, Europe) was utilized, when necessary, with
identical respiratory settings (inspired oxygen fraction,
positive end expiratory pressure and minute ventilation) as
the NICU bedside mechanical ventilator. During CT scan
examination, an anesthesia machine ventilator was utilized
(Primus, Draeger, Lubeck, Germany, Europe).
The following data were recorded:

e Type of transport (scheduled or unscheduled)

e Transport time (min)—the transport began (7 = 0)
when the patient was placed on the stretcher and ended
when the patient was returned to the NICU bed

e The requirement for sedatives, analgesics, and muscle
relaxants

e Blood gas analysis parameters (pH, Pao,, Paco,, arterial
lactate) prior to, and after the transport

e Pag,/Fip, ratio prior to, and after the transport

e Any occurrence of arterial oxygen desaturation
(Spo, < 90 %) immediately prior to, and during the
transport

e Any type of intervention for respiratory problems
during the transport

e The occurrence of hypotension (systolic arterial
pressure < 90 mmHg) immediately before and during
the transport

e The types of interventions utilized for hemodynamic
problems during the transport

@ Springer



300

Neurocrit Care (2013) 18:298-304

e The presence of intra-cranial hypertension (ICP > 20
mmHg) and low cerebral perfusion pressure (CPP <
60 mmHg) immediately before and during the transport

e The type of ICP monitoring

e The type of interventions utilized for neurologic
problems during the transport

e The occurrence of technical problems during the
transport such as: accidental extubation, loss of chest
tubes, mechanical ventilator malfunctioning, depletion
of oxygen cylinders, monitor malfunction, loss of intra-
vascular devices (peripheral venous catheters, arterial
catheters, central venous catheters), infusion pumps
malfunctioning, loss of ICP probes, ICP monitor
malfunction, loss of gastric tubes and loss of urinary
catheters

e Any need to cancel the transport and its causes.

Statistical Analysis

Continuous variables are expressed as mean =+ standard
deviation or as median and interquartile ranges (Q1-Q3).
Categorical variables are expressed as proportions. The
Shapiro—Wilks test was used for normality assessment. The
continuous variables were found to follow a non-normal
distribution; therefore, a non-parametric test was used for
comparison of continuous variables measured before and
after transport (Wilcoxon signed-rank test). Categorical
variables were compared with Chi-squared test or Fisher’s
exact test, as appropriate. A “p” value lower than 0.05 was
considered as significant. To take into account the effect of
multiple comparison when analyzing the overall population
and the two sub-group of patients submitted to scheduled
or unscheduled transport, a Bonferroni correction was
introduced and a “p” value lower than 0.0167 was con-
sidered as significant. Data analysis was performed using
STATA (Version 9.1, StataCorp. College Station, Texas,
USA) software package.

Results

The median SAPS II and GCS at ICU admission for all 160
patients enrolled in the present study were 43 (range = 31—
54) and 5.5 (range = 3-10), respectively. Of the 288 total
intra-hospital transports, 237 (83 %) were scheduled and
51 (17 %) were unscheduled. The mean duration of all
intra-hospital transports was 31 + 13 min. In 236 (82 %)
of all 288 transports, the patients were intubated and
mechanically ventilated. An artificial airway was present
during 264 transports (185 endotracheal tubes, 79 trach-
eostomies). In 28 transports, the patients have a tracheos-
tomy and breathed spontaneously. The average number of
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transports for each patient was 2 (range 1-10). Thirty-six
percent (103) of all 288 transports was found to be associ-
ated with at least one complication, including 20 (40 %) in
the unscheduled transport group and 83 (35 %) in the
scheduled transport group (p = n.s. between transport
groups). Further analysis revealed that over 50 % of all
patients enrolled in our study (82 of 160) had, during their
ICU stay, at least one transport associated with one or more
complications.

The utilization of sedatives, analgesics, and muscle
relaxants during all transports is outlined in Table 2. Seventy
(44 %) study patients received bedside ICP monitoring
during their ICU stay that included the use of ventricular (92
cases), subdural (20 cases), or intra-parenchymal [15]
probes. ICP monitoring was performed “en route” in only 32
(11 %) transports (21 scheduled, 11 unscheduled), using
ventricular (24 cases), subdural (2 cases), or intra-paren-
chymal probes (6 cases). Twenty-five percent of the patients
requiring bedside ICP monitoring also required ICP moni-
toring during transport. Forty percent of patients with an
intra-parenchymal ICP probe at bedside required ICP mon-
itoring during transport (p = n.s. when compared to those
patients with an intra-ventricular (26 %) or a subdural
(10 %) probe).

Neurologic Complications

Intra-cranial hypertension during transport was observed
during 21 transports (16 scheduled vs. 5 unscheduled;
p = n.s; Fig. 1). In nine of these transports, intra-cranial
hypertension was documented before the transport was ini-
tiated. In the 12 cases, who developed elevated ICP during
transport, who did not display intra-cranial hypertension at
the bedside, the treatment was as follows: sedation (7 cases),
cerebrospinal fluid (CSF) drainage (1 case), CSF drain-
age + sedation (1 case), reduction of PEEP and sedation
(1 case), sedation + osmotherapy + increase in minute
volume ventilation (1 case), and rapid replacement of a

Table 2 Sedatives, analgesics, and curares utilized during transports

Drugs Number of
transports (%)
Sedative + analgesic + muscle relaxant 75 (26.04)
Sedative + muscle relaxant 128 (44.44)
Sedative + analgesic 15 (5.21)
Analgesic + muscle relaxant 5(1.74)
Sedative 39 (13.54)
Muscle relaxant 3 (1.04)
Analgesic 1(0.35)
None 22 (7.64)

Sedative propofol or midazolam, Analgesic fentanyl of remifentanyl,
Muscle relaxant vecuronium bromide or cisatracurium besylate
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161 ICP not monitored

288 transports

127 ICP monitored pre-transport

95 stop ICP monitoring
for the transport

32 ICP monitored during transport

23 cases with 9 cases with

ICP < 20 mmHg ICP > 20 mmHg

pre-transport pre-transport
\

52,2% developed 100% with

ICP > 20 mmHg ICP > 20 mmHg

during transport during transport

Fig. 1 Flowchart of ICP monitoring and episodes on intra-cranial
hypertension during transports

malfunctioning portable mechanical ventilator (1 case). As
no episodes of low CPP were observed either prior to or
during transport, treatments aimed at increasing CPP were
not employed. Although intra-cranial hypertension
(ICP > 20 mmHg) prior to transport was present in 24
cases, ICP was monitored only during 9 (37 %) transports.

With the exception of the nine cases with documented
intra-cranial hypertension before and during transport, the
increase of ICP was transient and the patients returned to the
ward with a normal ICP. In eight of the nine patients who
have returned with intra-cranial hypertension, the level of
medical care was increased and in one case a surgical
intervention to remove a cerebral hematoma was performed.

Combining the data from our database with the records
of the operating room, we find that in seven cases after
transport, a catheter to monitor ICP was inserted because
the CT scan has shown a progression of the lesion.
Moreover, in nine cases, a surgical procedure was per-
formed because the CT scan has shown an enlarging
hematoma.

Respiratory Complications

During intra-hospital transport, a Spy, lower than 90 %
developed in 14 cases (5 %). The treatment for this respira-
tory complication varied between: manual positive pressure
ventilation with 100 % oxygen (eight cases), broncoaspira-
tion (five cases), and withdrawal of endotracheal tube (one
case). One patient developed bronchospasm that resolved
following administration of salbutamol. A second patient
developed ventilatory dyssynchrony that required a supple-
mentary dose of neuromuscular blocking drug. No significant
statistical differences were observed in the incidence of
arterial oxygen desaturations between scheduled and
unscheduled transports (Table 3). The respiratory parameters
(Pag,/Fip, and Pacp,) before and after scheduled and
unscheduled transports are outlined in Table 4.

Hemodynamic Complications

During 50 transports (17 %), a supplemental dose of sed-
ative drugs was required to treat an increase in blood
pressure (42 incidents during scheduled transports vs. 8
during unscheduled transports; p = n.s. Table 3). In 22
transports (7 %), a reduction in blood pressure required
clinical intervention (17 incidents during scheduled trans-
ports vs. 5 during unscheduled transports, p = n.s.
Table 3); in 11 of these, systolic blood pressure was lower
than 90 mmHg (8 incidents during scheduled transports vs.
3 during unscheduled transports, p = n.s., Table 3). The
interventions required for reduction in blood pressure were
noradrenaline administration (11 cases), ephedrine (9
cases), ephedrine plus noradrenaline (1 case), or ephedrine
plus cristalloids infusion (1 case). Arterial lactate levels
before and after scheduled and unscheduled transports are
presented in Table 4.

Body Temperature

Before intra-hospital transport, the mean body temperature of
all patients was 36.8 £ 0.8 °C; after the transport, the mean
temperature was 36.6 £ 0.8 °C (p < 0.0001). Further
analysis revealed that mean body temperature before and

Table 3 Intra-cranial

. . Scheduled Unscheduled p value

hy pertensmq, resplrat'ory', and transports transports

hemodynamic complications

during transport Intra-cranial hypertension (ICP > 20 mmHg) 16 5 0.34
Spo, < 90 % 11 3 0.72
Bronchospasm 0 1 -
Ventilatory dyssynchrony 1 0 -
Increases in BP requiring interventions 42 8 0.84
Reductions in BP requiring interventions 17 5 0.52
Arrhythmia 3 0 N

BP blood pressure
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Table 4 Pao,/Fio,, Paco,, arterial lactate and 7 °C before and after transports

Variables Overall population (n = 288) Scheduled transports (n = 237) Unscheduled transports (n = 51)
Before trsp  After trsp p value  Before trsp  After trsp p value  Before trsp  After trsp p value
Mean £ SD Mean + SD Mean £ SD Mean + SD Mean £ SD Mean + SD
Pao,/Fio, 314 + 137 302 £+ 131 0.0365 311 + 137 301 £+ 130 0.0112 327 + 130 341 £ 126 0.3632
Paco, (mmHg) 371 £72 384+66 <0.0001 372+75 38.6+69 <0.0001 365+53 375452 0.1325
Arterial lactate (mmol/l) 1.23 & 0.76 1.08 &£ 0.66 <0.0001 1.15 £ 0.64 1.02 +0.59 <0.0001 1.57 £ 1.12 1.36 + 0.84 0.049
T (°C) 36.8 +0.8 36.6+08 <0.0001 36.8+08 36.7+08 <0.0001 366+ 1.0 365+09 0.1747

trsp transport, T body temperature

after scheduled transports was significantly different in the
scheduled transport group (36.8 = 0.8 vs. 36.7 + 0.8 °C;
(p < 0.0001). While the mean body temperature before and
after unscheduled transports remained relatively unchanged
36.6 & 1.0 vs. 36.5 &+ 0.9 °C, p = n.s.). The variations of
body temperature before and after scheduled and unsched-
uled transports are described in Table 4.

Technical Complications

Technical complications occurred during only 17 trans-
ports (6 %) and included malfunction of ICP monitor (6
cases), loss of ICP probe (1 case), malfunction of portable
mechanical ventilator (3 cases), depletion of oxygen cyl-
inder (1 case), monitor malfunction (2 cases), arterial line
malfunction (2 cases), loss of peripheral vein (1 case), and
infusion pump malfunction (1 case). 11 complications
occurred during scheduled transports versus 6 during
unscheduled transports (p = n.s.). We determined that, in
only one case, was a technical problem associated with a
clinical complication: a malfunction of the portable
mechanical ventilator, causing an increase of the ICP that
was resolved with a quick replacement of the ventilator.

Discussion

The movement of critically ill patients from NICU for
diagnostic purposes represents a daily practice and it is
important for the care of patients with neurological damage.
Our findings indicate that (1) in 36 % of all intra-hospital
transports (both scheduled and unscheduled), at least one
significant (predominantly hemodynamic), clinical compli-
cation arises during transport, necessitating the deployment
of interventions designed to treat changes in arterial pres-
sure; (2) infrequent ICP monitoring occurs during transport,
particularly in patients exhibiting intra-cranial hypertension
prior to transport; (3) scheduled intra-hospital transfers was
associated with statistically significant reductions in Pag,/
Fip,, decreased arterial lactate levels, lowered body tem-
perature and increased Paco,.
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Andrews et al. [4] prospectively evaluated secondary
insults in head-injured patients who required intra-hospital
transport in 35 patients who were transported from the ICU
to CT scan suite or operating room and 15 patients trans-
ported from the emergency department to CT scan suite.
The most common insults observed in this study were
arterial hypertension (14 %), hypotension (8 %), and intra-
cranial hypertension (17 %). Our results concerning
hemodynamic complications during intra-hospital transport
directly support these previous observations. We observed
an increase in blood pressure requiring intervention that
occurred during 50 transports (17 %) that could consis-
tently be attributed to an insufficient level of sedation.
When transporting a patient, it is therefore important to
closely monitor levels of sedation that may change during
the differing phases of transport.

We observed a marked incidence of intra-cranial hyper-
tension during intra-hospital transport (66 %), particularly
in patients who had previously exhibited intra-cranial
hypertension at the NICU bedside. Based on these obser-
vations, we suggest that ICP monitoring during all transports
should be mandatory in this ICU patient population.
Somewhat surprisingly, we did not observe a statistically
significant difference in the incidence of complications
during scheduled versus unscheduled transports. We believe
that the lack of differences between these groups may be
related to not only lower number of unscheduled transports
with respect to those that were scheduled but also height-
ened level of alertness and attention by the transport team to
a more unstable patient population that comprised the
unscheduled, emergent transport group. The lack of clini-
cally significant changes in arterial lactate levels or decrease
in body temperature suggests us that the level of patient
scrutiny and clinical care during transport was comprehen-
sive. Swanson et al. [15] retrospectively examined 100
transfers of 45 NICU patients (26 TBI, 19 SAH), comparing
mean Pbtg, before and after transport. These authors report
that intra-hospital transport negatively affected brain oxy-
gen levels that was related to a derangement in respiratory
function. A significant decrease in respiratory function
(Pag,/Fip,) was observed during in our scheduled transport
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population (311 £ 137 before transport vs. 301 + 130 after
transport; p = 0.0112). However, we believe that this small
worsening can be explained by the fact that our patients
were not manually ventilated as in the study of Swanson
et al. During all transports, we utilized a portable mechan-
ical ventilator that allowed us to ventilate patients in as
similar a manner as possible to the bedside. We suggest that
the use of specialized equipment is essential to minimize
potential respiratory problems related to intra-hospital
transports. In addition, we observed a statistically significant
elevation in mean Paco, immediately following transport
(38.4 mmHg vs. 37.1 mmHg pre-transport, p < 0.0001
for all transports and 38.6 mmHg post-transport vs.
37.2 mmHg, p < 0.0001 in those patients in the scheduled
transport group). Yoshihara et al. [25] have reported that in
head-injured patients, a blood volume change of 0.5 ml was
sufficient to produce an ICP change of as little as 1 mmHg.
Additionally, Stocchetti et al. [26] observed a mean (£SD)
blood volume change of 0.72 £ 0.42 ml for each mmHg
change in Paco, in TBI patients. We therefore consider the
rise of CO, observed in our study to be of little clinical sig-
nificance except in patients with severely impaired cerebral
compliance.

Although only one negative clinical consequence related to
a technical complication was observed in our study popula-
tion, we believe that an elevated level of vigilance must be
maintained, as previously advocated [10, 27, 28-30], con-
cerning the proper maintenance of all devices used in intra-
hospital transportation of ICU patients (mechanical ventilator,
monitors, infusion pumps, etc.). Other factors that should be
considered are represented by an adequate education and
training of the personnel involved in the transfer of the crit-
ically ill [29, 31].

Several important limitations may be associated with
our study, including its single-center design (a multicenter
study might have provided broader and more widely
applicable results). Additionally, our study design did not
require any changes in our normal clinical practice; for
example, we did not use capnography during transfers
despite the fact that this monitoring technique is recom-
mended by the ESICM (European Society of Intensive
Care Medicine) in the monitoring of TBI patients [25]. It is
possible, therefore, that we could not detect small changes
in CO, during transports. Differently from other papers
[4, 9, 15], in our study we analyzed only the problems that
may be encountered during the transport without consid-
ering a wide range of time before and after the transfer.

Despite significant recent advances in patient monitoring
in the critical care setting and the publication of new
guidelines [25, 30] many patients do not receive ICP
monitoring during transportation. It is possible, therefore,
that significant episodes of intra-cranial hypertension dur-
ing intra-hospital transport may go unnoticed. The fact that

ICP is monitored more frequently in those patients who
have an intra-parenchymal probe may be related to its ease
of use. Considering the importance of a proper control of
ICP in neurological patients at risk of secondary damage,
the results of our study suggest that the quality of intra-
hospital transport could be improved if ICP monitoring was
maintained during transport, regardless of the system used.
If ICP monitoring is unavailable during transport, the risks
and dangers of intra-hospital transports should be carefully
weighed against the necessity of potentially lifesaving
radiological scans. In this regard, it is important to note that
in our population only 5.5 % of CT scan examination has
led to a new surgical decision (e.g., ICP monitoring,
hematoma evacuation). Futile CT scan examinations make
the dangers of transport, although rare, unacceptable while
some hazards are justified in case of lifesaving exams.

One possible solution to avoid uncalculated risks of intra-
hospital transfers is to perform bedside CT diagnostic pro-
cedures [32]. Gunnarsson et al. [33] performed a study related
to the utilization of a mobile CT scanning in a NICU setting
and reported that its use minimizes the risk of secondary
injury to the brain, decreased the patient’s time spent outside
the ICU and reduced staff workload. However, we must also
consider that patients receive twice the radiation dose of
conventional CT scanning and that image resolution of larger
CT scanners is somewhat superior to the mobile system for
the detection of subtle alterations in attenuation [33].

Future studies should be dedicated to differentiate
between true transport related events and interventions
which would also be necessary if the patient is treated in
the NICU; this could be done comparing patients during
transport with a matched cohort of patients that remain in
NICU during the same time period.

Conclusions

The results of this study suggest that intra-hospital trans-
ports of NICU patients may present some hazards even if
performed by skilled personnel and specific equipment.
Whenever possible, more rigorous neuromonitoring (ICP
and ETco,) during transport is warranted.
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