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Letter to the Editor

Safety and Feasibility of a Very Early
Verticalization in Patients With Severe
Traumatic Brain Injury

A

N EARLY REHABILITATION of patients hospitalized in the intensive care unit (ICU) in the
acute phase of traumatic brain injury (TBI) can improve
patients’ outcomes.1–9 However, the rehabilitation treatment is generally limited to a passive mobilization and
an attempt to regain a sitting position on the bed, because the possibility of a very early verticalization can
be limited by the occurrence of syncopal symptoms.10,11
Recently, a tilt-table has been developed with an integrated stepping device that decreases the risk of syncope,
reducing venous stasis.12,13
We hypothesized that a very early verticalization and
mobilization, using this tilt-table with stepping device
during hospitalization in the ICU, could lead to a faster
and maybe better neurological improvement in patients
with TBI.
The first step, and the aim of this study, is to evaluate
the feasibility and safety of the very early use of a tilttable with stepping device in neuro-ICU patients with
severe disorders of consciousness due to TBI.
From June to December 2013, we enrolled 4 patients
(mean age = 39.5 ± 3.9 years) with TBI and related
severe disorder of consciousness (Glasgow Coma Scale
score ≤8), diagnosed as vegetative state or minimally
conscious state,14 on the third day from the injury. Two
patients had a diffuse axonal injury, and 2 patients had
multiple brain bleedings (see Table 1, part A). They
did not have respiratory failure, instable hemodynamics,
uncontrolled intracranial pressure, deep vein thrombosis, or fractures (at thoracic, abdominal, or lower limbs
level).
The treatment consisted of 30-minute daily sessions
(5 days per week for 3 consecutive weeks) of patient
verticalization in the ICU, using a tilt-table with step-
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ping device. Sessions were started 12.7 ± 8.7 days from
the injury-determining event. After patient positioning,
the slope of the tilt-table was gradually increased from
0◦ to 60◦ in a time span of 9 minutes (see Figure 1).
The stepping frequency was set at 20 steps/min for the
entire treatment. Cardiovascular and respiratory parameters were continuously monitored and recorded every
20 seconds.
No adverse events occurred during all treatments, and
there were no interrupted sessions. We recorded various
hemodynamic changes during the procedures; all minimum and maximum values reached by each parameter stayed within the safety range: cardiac output, 3 to
12.3 L/min; heart rate, 53 to 147 beats/min; mean arterial pressure, 51 to 170 mm Hg (see Table 1, part B). No
changes in the neurological status appeared during the
single sessions.
With regard to the feasibility of the intervention, we
did not experience any problems: in our ICU; the tilttable is located in the patient room and does not need
to be moved (a procedure that would imply waste of
time, space, and personnel resources). Each session had
a mean duration of 46 ± 4 minutes, including 12 ±
3 minutes for the patient transfer (from bed to tilttable, and vice versa), 4 ± 1 minutes for the cardiovascular monitor setting, and 30 minutes of treatment.
The sessions were fully completed and continuously supervised by a nurse and a physiotherapist, while the
intensive care physician was always available in case of
emergency. Considering the good results of the safety
outcomes, we can even propose to carry out this treatment only under the supervision of the physiotherapist,
with the nurse helping just in the patient’s transfer procedures and in case of emergency, to reduce the personnel
involvement.
In conclusion, our results show that an intensive rehabilitation of patients with severe disorder of consciousness due to TBI in the early stage, carried out using a tilttable with robotic stepping device, is safe and feasible.
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Patients characteristics (A) and mean values of the cardiovascular parameters
for each patient across all 15 sessions (B)
TABLE 1

Patient
1

2

3

4

Gender
Age, y
Type of brain injury

M
34
DAI

M
43
MBBa

M
41
DAI

Treatment starting
(day from TBI)

5

25

M
40
SH and MBB, midline
shift, brain stem
damagea
12

CO basal, L/min
CO delta, %
CO min, L/min
CO max, L/min
HR basal, bpm
HR delta, %
HR min, bpm
HR max, bpm
MAP basal, mm Hg
MAP delta, %
MAP min, mm Hg
MAP max, mm Hg

6.3 ± 0.7
−14.8 ± 7.8
3.8
7.7
70.7 ± 1.7
0.8 ± 1.8
69
92
112.7 ± 6.5
−3.1 ± 7.2
73
137

6.8 ± 0.8
−7.3 ± 11.9
4.3
8.5
83.7 ± 7.8
16.1 ± 10.9
69
125
92.7 ± 8.5
−1.5 ± 11.5
66
132

6.3 ± 1.2
−30.1 ± 8.2
3.8
8.7
89.9 ± 10.1
23.7 ± 16.9
66
134
91.3 ± 10.6
−10.5 ± 6.5
51
121

7.1 ± 1.7
−26.4 ± 9.4
3
11.1
78.7 ± 17.4
−3.6 ± 5.4
53
125
131.8 ± 17.2
−19.6 ± 8.6
80
170

A

B

9

Abbreviations: basal, mean value in the first 3 minutes (0◦ ); CO, cardiac output; DAI, diffuse axonal injury; delta, maximum percentage
variation within each session compared with the basal value; HR, heart rate, M, male; MAP, mean arterial pressure; MBB, multiple
brain bleedings; min and max, minimum and maximum values reached; SH, subdural hematoma; TBI, traumatic brain injury.
a The patient underwent a neurosurgical procedure before treatment.

This evidence represents the first important step toward
future investigations that would help define whether the
very early treatment described could be useful to im-

prove the patients’ clinical and neurological outcomes
and to reduce or simplify the social assistance charge.
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Figure 1. Patient verticalized in the intensive care unit using
a tilt-table with stepping device.
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