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Abstract

Purpose COVID-19 pandemic has affected most components of health systems including rehabilitation. The study aims to
compare demographic and clinical data of patients admitted to an intensive rehabilitation unit (IRU) after severe acquired
brain injuries (sABIs), before and during the pandemic.

Materials and methods In this observational retrospective study, all patients admitted to the IRU between 2017 and 2020
were included. Demographics were collected, as well as data from the clinical and functional assessment at admission and
discharge from the IRU. Patients were grouped in years starting from March 2017, and the 2020/21 cohort was compared to
those admitted between March 2017/18, 2018/19, and 2019/20. Lastly, the pooled cohort March 2017 to March 2020 was
compared with the COVID-19 year alone.

Results This study included 251 patients (F: 96 (38%): median age 68 years [IQR =19.25], median time post-onset at
admission: 42 days, [IQR =23]). In comparison with the pre-pandemic years, a significant increase of hemorrhagic strokes
(p<0.001) and a decrease of traumatic brain injuries (p =0.048), a reduction of the number of patients with a prolonged
disorder of consciousness admitted to the IRU (p <0.001) and a lower length of stay (p <0.001) were observed in 2020/21.
Conclusions These differences in the case mix of SABI patients admitted to IRU may be considered another side-effect of
the pandemic. Facing this health emergency, rehabilitation specialists need to adapt readily to the changing clinical and
functional needs of patients’ addressing the IRUs.
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ICUs Intensive care units FOIS  Food oral intake scale
IRUs Intensive rehabilitation units LoS Length of stay

sABIs  Severe acquired brain injuries KW Kruskal-Wallis

DoC Disorders of consciousness MW Mann-Whitney

UWS Unresponsive waking state TIAs Transient ischemic attacks

MCS Minimal consciousness state
TPO Time post-onset
CRS-R  Coma recovery scale-revised Introduction
FIM Functional independency measure
The COVID-19 pandemic has strongly affected components
5 Maenia Scarpino of healthcare systems, including rehabilitation [1]. Since the
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risk, and economic collapse. In Italy, since the beginning
of spring 2020, the first wave has mainly affected the north
of the country [2] later spreading throughout the central
and southern Italy. Within a few weeks, the health sys-
tem had to modify its usual functioning: hospital medical
check-ups were postponed, and only urgent visits were
guaranteed, while some medical, surgical, and rehabilita-
tion wards were reconverted [3], allowing the reallocation
of health professionals to the care of COVID-19 and post-
COVID-19 patients, including those needing intensive care
[4]. In addition, primary care physicians, overburdened by
the management of COVID-19 patients, reduced access to
their surgeries, also in order to limit the risk of infection.
In this context, the rehabilitation services had also to adapt
to the new situation, and face increased patients’ needs,
not only as a consequence of prolonged immobilization
and acute pulmonary and neurological complications from
COVID-19 [5-7] but, also, as a consequence of health and
civil mitigation measures [8]. On one hand, rehabilitation
hospital facilities became less accessible than usual, induc-
ing rehabilitation health professionals to develop or adopt
new means of care, thus giving impulse to the diffusion of
telerehabilitation in the fields of physical therapy, occupa-
tional therapy, and speech and language therapy [9, 10]. On
the other hand, those inpatient rehabilitation facilities that
remained active had to adapt to meet the changing needs of
patients discharged from acute care hospitals. First, this has
required a general understanding of the rehabilitation needs
of post-COVID-19 patients, constantly evolving according to
the level of knowledge about the post-COVID-19 syndrome
[11]. Furthermore, the pandemic has created an enormous
pressure on the intensive care units (ICUs) to increase their
patients’ turnover and admit more and more severe COVID-
19 patients, thus increasing the demand for transferring
severely disabled patients from intensive care settings to
intensive rehabilitation facilities.

Intensive rehabilitation units (IRUs) for severe acquired
brain injuries (SABIs) admit patients with traumatic, post-
anoxic, vascular, or other brain injuries that cause coma for
at least 24 h and often lead to a permanent disability with
sensory, motor, cognitive, and/or behavioral impairment.
After sABI, many patients may remain in a state of pro-
longed disorder of consciousness (DoC) [12] that includes
(1) unresponsive waking state (UWS), in which the eyes are
open, but there is no evidence of voluntary responses; (2)
minimal consciousness state (MCS), an intermediate state
in which minimal, inconstant but visible signs of respon-
siveness are present [13]. Typically, patients with sABI are
highly complex, and frequently require life support interven-
tions during the acute phase. To our knowledge, no stud-
ies have yet addressed the possible changes on SABI IRUs’
activity and case mix, during the pandemic. This study aims
to investigate possible changes in demographics, clinical

@ Springer

features, and outcomes of sABI patients admitted to the IRU
of the IRCCS-Fondazione Don Gnocchi of Florence before
and during the pandemic, by comparing the March 2020
to March 2021 cohort to the March—March cohorts of the
previous 3 years.

Materials and methods

A non-concurrent cohort study design was conducted, fol-
lowing STROBE guidelines [14]. In this observational retro-
spective monocentric study, all patients admitted to the IRU
between March 2017 and March 2020 were included. Pre-
vious years could not be included since the current admis-
sion and discharge assessment has been carried out only
since January 2017. Demographic and clinical data were
recorded, including age, gender, clinical etiology, and time
post-onset (TPO) at admission. A multidimensional clinical
and functional assessment was performed by skilled health
professionals (neurologists, speech therapists, physiothera-
pists) both at admission and discharge. Patients’ level of con-
sciousness was classified according to the Italian version of
the coma recovery scale-revised (CRS-R) [15], administered
repeatedly at least 5 times, within the first week from admis-
sion and during the last week before discharge, to reduce
the risk of error due to frequent fluctuations in conscious-
ness: the best obtained score was considered for this analysis
[16]. The functional status was assessed at admission and
discharge by the functional independency measure (FIM)
[17], and the disability rating scale (DRS) [18]. Additionally,
dysphagia severity was measured by the food oral intake
scale (FOIS) [19]. Patients admitted between March 2020
and March 2021 were compared to those admitted between
March 2017 and March 2018, and between March 2018 and
March 2019 and between March 2019 and March 2020 for
all admission and discharge variables, as well as for length
of stay (LoS) in the IRU. Written informed consent from the
patient or the legal guardian to the anonymous use of their
routinely collected data for quality assessment and research
purposes was provided at admission to the IRU. The Insti-
tutional Ethics Committee approved the study. (Protocol
numb: 17505_oss).

Statistical analysis

Descriptive statistics have been calculated for each vari-
able across the assessed recruiting years, testing such vari-
ables for normality with the Shapiro—Wilk test. Median
and interquartile range were used for the description of
numerical variables while occurrences were reported for
categorical ones. According to the normality test results,
either ANOVA or Kruskal-Wallis test were applied to
the numerical variables to evaluate whether the studied
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variables significantly differed across groups year cohorts.
Post hoc analysis, via Dunn-Bonferroni pairwise tests, was
carried out for all the pairs of groups, using the Bonferroni
correction.

The differences across year cohorts in categorical vari-
ables (etiology and gender) were analyzed by chi-square
test followed by independent samples z-test with Bonfer-
roni correction for post hoc analysis.

As an additional analysis, DoC and No-Doc patients
were analyzed separately by a Kruskal-Wallis test, to
check the LoS differences across years for each subset.

Finally, in addition to single year analysis, all the vari-
ables were also evaluated comparing the pooled group
of pre-pandemic years (2017-2019) and the COVID-
19 year, by means of chi-square or Mann—Whitney tests,
according to the nature of the variable. In all analyses,
a p-value < 0.05 was considered statistically significant.

Results

A total of 251 (2017: 63, 2018: 57, 2019: 69 and 2020:
62) patients were included (F: 96, 38%) with median age
68 years [IQR =19.25], median TPO: 42 days [IQR =33],
traumatic etiology 66 (28%), anoxic etiology 25 (10.2%),
ischemic etiology: 48 (19.5), hemorrhagic etiology: 80
(32.5). Comparing demographic and clinical characteristics
at admission, the differences in age and functional status
between the four cohorts were not significant (Table 1).
Conversely, both the CRS-R total score (3> (3)=14.561,
p=0.002) and the number of patients with DoC (UWS and
MCS) (*=15.502, p <0.001) were significantly different
between the groups. Also, post hoc tests revealed a sig-
nificant difference between the CRS-R total scores in 2020
and each of the previous years’ cohorts, and a significant
decrease of patients with DoC in 2020 versus each of the
previous considered years (Fig. 1). A confirmation of this

Table 1 Descriptive statistics

. mar 2017-mar  mar 2018-mar  mar 2019-mar  mar
for the entire sample (2017 2018N=63  2019N=57  2020N=69  2020-mar
2021), the entire sample without 2021 N=62
the COVID year (2017-2020)
and the individual years ge 70.5 [18.7] 63.5[19.5] 69 [17.5]
(column 3 to 6) Gender (F) 17 27) 22 (38.6) 32 (46.4) 25 (40.3)
Etiology
Traumatic 18 (29) 17 (30.4) 22 (31.9) 10 (16.7)
Anoxic 9 (14.5) 4(7.1) 11 (15.9) 4(6.8)
Hypoxic 14 (22.6) 11 (19.6) 13 (18.8) 9 (15.3)
Hemorrhagic 13 (21) 15 (26.8) 16 (23.2) 34 (57.6)
TPO 43 [23] 47.50 [23] 38.5[21] 33[17]
LoS 107 [111] 114 [76] 98.5[92] 71 [47]
CRS admission 12 [14] 14 [16] 12 [17] 20 [11]
CRS discharge 23 [11] 23 [12] 23 [2] 23 [11]
State admission
UWS 18 (28.6) 15 (27) 22 (31.8) 13 (21)
MCS 33 (52) 23 (41) 26 (37.6) 17 (27.4)
EMCS 12 (19) 18 (32) 21 (30.4) 32 (51.6)
State discharge
UWS 9 (14.3) 11 (19.5) 10 (14.5) 6(9.7)
MCS 17 (27) 7 (12.5) 7 (10) 14 (22.6)
EMCS 37 (58.7) 38 (68) 52 (75.4) 42 (67.7)
FOIS admission 1[0] 110] 110] 1[0]
FOIS discharge 2[3] 1[3] 1.5 [4] 1[4]
FIM admission 18 [3] 18 [1] 18 [5] 18 [1]
FIM discharge 24 [29] 20 [15] 23.5[22] 19 [19]
DRS admission 21 (7] 21 (7] 20 [6] 22 [4]
DRS discharge 16 [10] 18 [12] 17.5[10] 20 [9]

TPO, time post-onset; LoS, length of stay; CRS, coma recovery scale; FOIS, functional oral intake scale;
LCF, level of cognitive functioning; FIM, functional independence measure; DRS, disability rating scale
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Fig.1 Bar plot of significant categorical variables in the multiple
years chi-square analysis (upper panels) and box plot of significant
numerical variables in the KW groups comparison. Groups with a

was found in the comparison between the 2020/21 vs. the
pooled 2017-2019 group (p <0.01) (Table 2).

The TPO, significant in the KW test ;(2 3)=12.2717,
p=0.006, when entering the post hoc analysis resulted
in a significant difference between the 2020-2021 and
2018-2019. A confirm of this was found in the compari-
son between the 2020/21 vs. the pooled 2017-2019 group
(p<0.01) (Table 2).

A significant difference of SABI aetiologies across the
years (y>=26.5, p=0.009) was also found. The z-tests
showed a strongly significant increase of hemorrhagic
brain injuries in 2020/21, compared to either 2017 (z=3.9,
p<0.001), 2018 (z=3.2, p=0.002), or 2019 (z=3.7,
p<0.001) (Table 2, Fig. 1). Etiology was also found to be
different between the pooled group and the pandemic-group
(¥*=25.5, p<0.001). Specifically, a significant increase of
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triangle are significantly different from groups with an asterisk. TPO
(time post-onset), LoS (length of stay), CRS-R (coma recovery scale-
revised)

hemorrhagic (pooled 2017-2019: 46 (13.4%) vs. 2020: 34
(57.6%); ;(2= 22.3, p<0.001) and a decrease of traumatic
patients (pooled 2017-2019: 56 (29.9%) vs. 2020: 10
(16.9%); x* =139, p=0.048) was found.

The patients’ LoS was found to be significantly different
across years (A(3)=13.9, p=0.003). All the pairwise com-
parisons between 2020/21 and all the previous years resulted
significant in the post hoc analysis (2017: p=0.008; 2018:
p=0.008; 2019: p=0.026) showing a significant reduction
of the LoS in the 2020/2021 cohort, as shown in Fig. 1. A
confirmation of this was found in the comparison between the
2020721 vs. the pooled 2017-2019 group (p <0.001, Table 2.).

At discharge, consciousness and functional scales were
similar in the four considered cohorts (Table 1).

Performing separate analyses on the DoC and No-Doc
patients, for the DoC group we did not find any significant
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Table 2 Comparison among
years in the pre-pandemic
period (first column), in

Year differences (pre-pan-
demic) mar 2017—-feb 2020,

Year differences (over-
all) mar 2017—-feb 2021,

Pre-pandemic period O vs.
pandemic period, p-value

- . : p-value p-value

all tested periods including

COVID year (second column) Age 0.073 0.122 0.192

e R G 007]

(third column) Etiology 0.941 <0.01 <0.001
TPO 0.181 <0.01 <0.01
LoS 0.827 <0.01 <0.001
CRS admission  0.631 <0.01 <0.01
CRS discharge  0.193 0.328 0.847
State admission 0.360 <0.05 <0.01
State discharge 0.117 0.062 0.361
DoC admission 0.219 <0.01 <0.001
DoC discharge  0.059 0.087 0.387
FOIS admission 0.657 0.604 0.747
FOIS discharge 0.226 0.250 0.672
FIM admission  0.563 0.767 0.334
FIM discharge  0.624 0.759 0.395
DRS admission 0.367 0.555 0.110
DRS discharge  0.774 0.838 0.789

Results were obtained by Kruskal-Wallis test results (numerical variables) and Chi-square results (categor-
ical variables) for the first two columns, while in the third column either Mann—Whitney (numerical vari-
ables) or Chi-square (categorical variables) tests were adopted. TPO, time post-onset; LoS, length of stay;
CRS-R, coma recovery scale-revised; DoC, disorder of consciousness; FOIS, functional oral intake scale;
FIM, functional independence measure; DRS, disability rating scale

differences in the LoS across the years (p =0.246) while
the No-DoC group showed a significant decrease in LoS in
2020/21 (;(2 (3)=12.9, p=0.005). For the No-DoC group,
we performed post hoc analysis resulting in the year 2020/21
showing a significantly shorter LoS than all previous years
(2017: p=0.003; 2018: p=0.04; 2019: p=0.031).

Discussion

COVID-19 pandemic has deeply affected health care at several
levels. Intensive rehabilitation settings have faced an increasing
demand, to relieve the COVID-19-related overload on ICUs.
Due to the speed and severity of the COVID-19 pandemic,
not only ICUs, but also IRUs had to adapt rapidly to the pan-
demic. However, reports on how these changes have taken
place are still scarce. In the present study, we investigated
the possible changes in case mix, LoS, and outcomes of the
cohort of the IRU in-patients in sABI survivors in 2020/21,
compared to the data on patients admitted in the same time
frame (March—March) of the previous 3 years. Our first find-
ing was that, at admission, the median total CRS-R score was
significantly higher, and the number of patients with a DoC
significantly lowers during the pandemic in comparison with
the previous 3 years. Given that the clinical and instrumental
criteria for the selection of patients to be transferred to the IRU

[20] were not changed during the pandemic, and that, under
current regulations, no withdrawal of life support is practiced
in Italian ICUs, this result could be attributed to a higher mor-
tality of the most severe sABI patients during the acute phase,
due to an overload of the emergency services, community-
and hospital-based [21]. Indeed, this possibility was seriously
considered by the American Society of Neurology. The latter,
aware of the negative effects of the COVID-19 health emer-
gency on the quality of care provision for several diseases,
including stroke, has recently published recommendations for
the management of stroke during the acute phase taking into
account the global health emergency [22]. In fact, a marked
rise of major strokes, requiring primary thrombectomies due
to longer onset-to-door and door-to-treatment times has been
reported during the pandemic [23]. In addition, a reduction
by half of the hospital diagnosed minor strokes and transient
ischemic attacks (TIAs), and of transfers from spokes were
reported in 2020, compared to 2019 [24]. Thus, although our
perspective did not include a direct investigation on ICUs, it
is quite possible that the reduction of the number of patients
with DoC observed in the present study may be related to their
higher mortality in emergency and acute care settings, due to
the critical delays in stroke acute care and the possible over-
loading of territorial emergency services during the pandemic.

Unlike the level of consciousness, we found that the TPO
did not significantly change across the four considered years,
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probably because, once the patient enters the ICU, the reach of
the criteria for referral to the rehabilitation ward, depending on
the patient’s hemodynamic stability, can hardly be accelerated.

Second, a significant reduction in post-traumatic patients,
paralleled by a significant increase of post-hemorrhagic
patients, was observed in patients admitted to the IRU. The
relative and absolute reduction of post-traumatic patients,
shown in the pooled data comparison, can be ascribed to the
sharp reduction in population mobility and sport activities
due to the numerous lockdowns imposed by the government,
that has been reported to lead to a reduction of traumas and
traumatic brain injuries [24, 25]. The increase of post-hemor-
rhagic sABI might be related to the parallel significant reduc-
tion of post-traumatic patients; however, this increase, con-
firmed for each year of the pre-COVID-19 period, regarded
specifically only hemorragic stroke patients. The International
literature on stroke hospital presentation during COVID-19
pandemic initially reported a decline of stroke, possibly due
to less persons seeking hospital care during the pandemic [26,
27]. However, these studies were mainly focused on mild and
minor stroke, presenting with stroke-like focal deficit [28].
In fact, more recent publications underline the simultaneous
increase in major strokes alongside the reduction in minor
strokes and TIAs [29]. The limited number of cases of this
single site study and the lack of epidemiological data on our
reference population do not allow any inference on the causes
of this increase. Nevertheless, the possibility of a negative
impact of pandemic on management of medical conditions,
such as hypertension, with expected increased incidence of
complications, including severe cerebral hemorrhage [30]
should also deserve further investigation.

Regarding the rehabilitation process and outcomes, some
substantial changes can be highlighted. First of all, a significant
reduction in the LoS in the IRU has been observed during the
pandemic, as compared to previous years. This overall reduc-
tion was not only related to the reduced access of patients with
DoC, who generally stay longer in the IRU. Indeed, patients with
DoC maintained a stable LoS before and after pandemic, but
patients who were not in DoC at admission had a significantly
lower LoS during the pandemic than before. The reasons for this
are complex. Probably, the most relevant issue was the pressure
from families and patients to accelerate the return home, both
for fear of exposing the patients to the virus by remaining in a
hospital community, and for the major limitations for family/
caregivers to access the ward because of the pandemic. Actu-
ally, while the interdisciplinary assessment and treatment of our
sABI patients did not substantially change during the pandemic,
the usual involvement of families in supporting the patients’
recovery, including the caregivers’ training sessions, were only
exceptionally allowed during the pandemic. To minimize the
emotional impact on patients and caregivers, a video call service
was carried out by the team psychologists, when the patient
could actually participate to the calls, and team meetings with
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families were regularly held by video calls, but the limited or
no physical access to the patients surely prompted most fami-
lies to dedicate extra efforts to promote all environmental and
social adaptations necessary for home discharge. Moreover, it
can be assumed that the reduction of patients in DoC, those with
the highest care and rehabilitation burden, possibly allowed the
interdisciplinary team to dedicate more time and efforts, dur-
ing the pandemic, to promote rehabilitation goals other than
stimulating consciousness. This included not only strategies to
support the families towards earlier home discharge, but also
providing any effort to promote earlier decannulation, since this
step, along with the recovery of consciousness, is a general cri-
terion, either for home discharge or for transferring the patient
to a less specialized rehabilitation setting.

If the absence of difference between outcome scales before
and during the pandemic apparently reflects that standards
of care have been maintained despite the pandemic-induced
upheaval, the hypothesis that anticipating the IRU discharge may
have reduced the time dedicated to rehabilitation of neurocogni-
tive and participatory skills deserves to be raised. Indeed, as a
limitation of our study, the scales routinely used at discharge
from IRU do not capture this information. On the other hand, the
possible functional benefits of earlier home discharge need also
to be investigated in the long term. Although our observations
are limited to one IRU, the question of whether the immediate
economic savings due to the shortening of LoS in high spe-
cialty IRUs might be associated to possible consequences on
the cognitive profile and the degree of family, work, and social
participation of sABI patients deserves further investigation. For
the patients involved in this analysis, a longitudinal follow-up
study is currently being carried out to investigate this issue.

Conclusions

These differences in the case mix of sABI patients admit-
ted to IRU, and the changes in the related rehabilitation
processes and outcomes, may be considered another side-
effect of the pandemic, with some possible consequences
that might be investigated only in the long term.
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