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Abstract
Study design Retrospective cohort study.
Objective Aim of the study is to evaluate the impact of complications at admission on the functional status of spinal cord
lesions patients.
Setting Rehabilitation hospital in Italy.
Methods Two hundred and seven patients with complications (mostly pressure ulcers) at admission to rehabilitation were
matched for neurological level of injury and AIS grade with 207 patients without complications. Measures: International
Standards for Neurological Classification of Spinal Cord Injury, Spinal Cord Independence Measure, Rivermead Mobility
Index, and Walking Index for Spinal Cord Injury. These measures were recorded at admission to rehabilitation and at
discharge. We also recorded length of acute and rehabilitation stay and discharge destination. Statistics: Student’s T test for
paired samples, McNemar’s chi-square test.
Results Patients with complications at admission suffered more often from a traumatic lesions. The functional status at
admission and discharge of the patients without complications was significantly better than the functional status of patients
with complications (Spinal Cord Independence Measure mean difference between the two groups 5.7 (CI 2.8–8.5) at
admission, and 10 (CI 5.3–14.7) at discharge). Length of stay was significantly higher in patients with complications.
Patients with complications were more often institutionalized than their counterparts (46/161 vs. 20/187, odds ratio 0.4 (CI
0.2–0.7)).
Conclusions Complications seem to be more frequent in patients with traumatic lesions. The presence of complications has a
negative effect on patients’ functional status at discharge and length of stay, and it determines a higher risk of being
institutionalized.

Introduction

Traumatic and nontraumatic spinal cord lesions (SCL)
occur at a rate of about 10–60 cases per million individuals
depending on the country [1, 2] and may result in loss of
independence and poor quality of life. Therefore, the

functional outcome is considered to be the most important
outcome for patients with SCL [3]. As such, knowing the
potential functional recovery and the factors that may affect
it is of particular relevance to plan the rehabilitation treat-
ment, set appropriate goals, decide how to allocate resour-
ces during inpatient rehabilitation and at discharge, and
answer the questions from the patients [4].

Although the care of patients with SCL improved with
time and has led to a high rate of survival, with only 3% of
patients with traumatic SCL dying in the acute phase [5],
this improvement in acute care is not paralleled by a com-
parable improvement of the prevention of complications
[6]. Non-neurological complications are all the secondary
conditions that develop after the initial injury and are not
directly due to the trauma [7]. Typical complications
reported after SCL are considered pressure ulcers, deep vein
thrombosis, pulmonary embolism, heterotopic ossifications,
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respiratory complications, gastrointestinal and urological
complications, pain, and spasticity. These secondary con-
ditions are quoted in almost all articles dealing with com-
plications after SCL although with different incidences
depending on the phase of SCL, on the kind of complica-
tions taken into account, on the country and on the kind of
center (specialized or non-specialized) [5, 7–22]. In devel-
oped countries the incidence of complications ranges from
32% of patients [8] to 71% [7] and does not seem to
decrease with time [7, 8].

Although it is known that in general rehabilitation the
presence of complications has a negative effect on functional
outcome [23], in the field of SCL there is a relative paucity of
studies in this area [8, 14, 15, 17, 19–22]. Furthermore, some
of the available studies only assess the impact of complica-
tions on length of stay (LOS) and rehabilitation stay cost of
patients with complications [8, 18] while others investigate
the impact on functional status [14, 15, 17, 22, 24–27] and
only a few evaluate the impact of complications on the neu-
rological status [19, 27, 28].

The aim of this study is to evaluate the impact of the
presence of some complications (pressure ulcers, deep vein
thrombosis, pulmonary embolism, heterotopic ossifications,
and urological complications) at admission to rehabilitation
on the functional and neurological status of patients with
SCL at admission and discharge.

Methods

We examined the charts of patients with either traumatic or
nontraumatic SCL admitted to our Spinal Unit between
1996 and 2020 for their first rehabilitation treatment after
the lesion. Patients were divided in two groups according to
the presence or absence of complications at admission.
According to previous studies [17, 21] we considered as
complications the following: pressure ulcers, deep vein
thrombosis, pulmonary embolism, heterotopic ossifications,
and urological complications with the exclusion of urinary
tract infection. We also considered the presence of asso-
ciated lesions to the SCL (only for those with traumatic
lesions). Associated lesions were traumatic brain injury,
non-vertebral fractures requiring surgery, severe facial
injuries affecting sense organs, major chest injury requiring
chest tube or mechanical ventilation, severe hemorrhaging,
or damage to any internal organ requiring surgery [21].

We recorded lesion to admission time (LTA, days) that
represents the time spent in the acute ward, length of stay as
rehabilitation in-patients (days), total length of stay (LTA+
LOS, days), etiology of the lesion (traumatic or non-trau-
matic), and destination at discharge.

The neurological status was assessed by the International
Standards for Neurological Classification of Spinal Cord

injury (ISNSCI) [29] with evaluation of total motor scores
(MS), neurological level and ASIA Impairment Scale (AIS)
grade. Neurological recovery was defined based on MS
improvement and on AIS grade improvement of at least
one grade.

The functional status at admission and discharge was
assessed by:

– Spinal Cord Independence Measure (SCIM) version 2
or 3 for activities of daily-life independence [30, 31];

– Rivermead Mobility Index (RMI) for mobility [32];
– Walking Index for Spinal Cord Injury (WISCI) [33];
– MS, SCIM, RMI, and WISCI change scores were
calculated based on the difference between discharge
vs. admission. MS, SCIM, RMI, and WISCI scores
efficiency was calculated as the ratio between the
difference in scoring and the duration of the
treatment (scales changes/rehabilitation stay). Effi-
ciency score provides a basis for measuring the
success of rehabilitation, in terms of both individual
patient performances and rehabilitation center per-
formance, and it has been already used as an outcome
measure in patients with SCI [34].

We also calculated the number of patients who obtained
an improvement of AIS grade between admission and dis-
charge, the number of patients who achieved bladder
management independency at discharge (either self-
intermittent catheterization or spontaneous micturition)
and the number of patients who achieved bowel manage-
ment independency at discharge.

Walking capacity was also assessed, based on WISCI
scale, as the percentage of patients unable to walk (WISCI
II levels 0–3), those needing physical assistance to walk
(WISCI II levels 4, 6, 7, 8, 10, 11, 14, and 17), and
those walking without assistance (all the remaining WISCI
levels) [35].

Finally we calculated the number of patients who
developed a complication during the rehabilitation stay and
the number of patients who were discharged home or
transferred to other wards or nursing home.

Matching procedure

A preliminary analysis of the entire database showed that
patients with complications had a higher percentage of AIS
A lesions (158/287 vs. 144/743, p < 0.001). Therefore,
because of the imbalance of the two groups and to avoid the
confounding effect of lesion severity we adopted a match-
ing procedure based on:

– AIS impairment: because AIS impairment seems to be
the major determinant of both functional and

Impact of complications at admission to rehabilitation on the functional status of patients with spinal. . . 1283



neurological outcomes, we decided to divide the
patients according to each AIS grade.

– Level of lesion: according to previous studies, we
divided the patients in three levels: cervical thoracic
and lumbar [34].

The patients were not matched by age because in the
entire group the age of patients with and without compli-
cations was comparable. Furthermore, we did not match
based on gender because the effect of gender on SCI out-
come is questionable [36].

Each patient was identified by an injury type (level and
severity) and categorized by etiology (traumatic/non-
traumatic). Patients were selected from each etiology
group to create matched dyads on the basis of their clas-
sification. The matching was performed using R package
MatchIt [37].

Statistical analysis

Descriptive data analysis: descriptive values, expressed as
mean+ SD, were supplied for all continuous clinical data.
Data for the dyads were analyzed by means of paired T-test;
McNemar’s chi-square test was applied to assess con-
tingency differences. Differences were taken as significant
if p < 0.05.

Results

From our database of 1030 SCL patients we selected 715
patients with all available data (482 without complications
and 233 with complications). In the entire cohort of 1030
patients, the distribution of patients with complication along
time was as follows: 56/227 in the years 1996–2000 (25%
of total admissions), 53/213 in the years 2001–2005 (25%),
60/176 in the years 2006–2010 (34%), 77/294 in the
years 2011–2015 (26%), and 41/149 in the years
2016–2019 (27%).

The matching procedure produced two cohorts of 207
patients each comparable for age, neurological level, and
AIS impairment (Fig. 1 and Table 1). There was a slightly
higher number of males in the group with complications,
but this difference did not reached the statistical significance
(M/F ratio= 157/50 in the group with complications and
139/68 in the group without complications, p > 0.05)
(Table 1). Patients with complications at admission suffered
more often from a traumatic lesions (T/NT ratio= 125/82 in
the group with complications and 103/104 in the group
without complications, p < 0.05) and had more often asso-
ciated lesions (35/68 patients with traumatic lesions in the
no complications group and 75/50 patients in the compli-
cations group) (Table 1).

Complications were mainly represented by pressure
ulcers (87%). Ninety-two percent of the patients presented
only one complication (Table 2).

Total cohort
1030 patients

Cases with complete 
data
715

Patients without 
complications 

482

Patients with 
complications 

233

Patients without 
complicationsun

nmatched 
275

Patients without 
complications 

matched
207

Patients with 
complications 

matched 
207

Patients with 
complications 

unmatched 
26

Fig. 1 The flow chart depicts the selection of the matching dyads
from the entire cohort. Flow chart of the selection of cases.

Table 1 Demographic and clinical features of the patients of the
matched cohorts with and without complication.

No complications
(n= 110)

Complications
(n= 110)

Mean age (SD) 47.9 (18.5) 50.8 (18.4)

Males 139 (67%) 157 (76%)

Traumatic/non-traumatic 103/104 125/82

Presence of associated
lesions only for those
with traumatic lesions
(yes/no)

35/68 75/50

NLI/AIS grade

C/A 16 (7%) 16 (7%)

C/B 12 (6%) 12 (6%)

C/C 27 (13%) 27 (13%)

C/D 11 (5%) 11 (5%)

T/A 70 (34%) 70 (34%)

T/B 11 (5%) 11 (5%)

T/C 23 (11%) 23 (11%)

T/D 7 (76%) 7 (76%)

L/A 12 (6%) 12 (6%)

L/B 4 (2%) 4 (2%)

L/C 8 (4%) 8 (4%)

L/D 6 (3%) 6 (3%)

SD standard deviation, NLI neurological level of injury, AIS American
Spinal Injury Association Impairment Scale.
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Both at admission and discharge patients without
complications showed a significantly higher level of
independence in the activities of daily life: SCIM mean
difference between the two groups 5.7 (CI 2.8–8.52) at
admission and, 10 (CI 5.3–14.7) at discharge (Table 2).
Mobility and walking were also better in patients without
complications: RMI mean difference between the two
groups 0.6 (CI −0.5–1.7) at admission and 1.6 (CI
0.7–2.5) at discharge; WISCI mean difference between
the two groups 0.5 (CI −0.9–1.1) at admission and 1.3 (CI
0.7–2.7) at discharge (Table 3). Lesion to admission
interval, length of rehabilitation stay, and total hospital
stay were significantly longer in patients with complica-
tions (Table 3). The number of patients who developed a
complication during the rehabilitation stay was compar-
able in the two cohorts (26 in the group without compli-
cations and 31 in the group with complication, odds ratio
1.2, CI 0.7–2.1). More patients without complications
showed an AIS improvement, independence in bladder
management, and independence in bowel management
than those with complications (Table 4). With regard to
WISCI levels, at admission the number of subject not
walking/walking with assistance/walking without assis-
tance was comparable in the two cohorts. At discharge
there were 162 patients unable to walk, 14 walking for
assistance, and 42 walking without assistance in the
cohort with complication and 114 patients unable to walk,
17 walking with assistance, and 76 walking without
assistance in the cohort without complication (p < 0.001).
Patients with complications at admission were more often
institutionalized (46/161 vs. 20/187, odds ratio 0.4 (CI
0.2–0.7)) than their counterparts without complications
(Table 4).

As the majority of complications were represented by
pressure ulcers, we repeated the analysis including only the
patients with pressure ulcers and their matched counterparts.
The results of this analysis are comparable to those of the
complete dyads comparison (Table 5).

Discussion

The present work aims at assessing the impact of compli-
cations at admission to inpatient rehabilitation on the
functional and neurological status of patients with SCL.

The demographic features of our cohort reflected what
previously reported [8, 9, 14]. In the entire group of 1030
patients with SCL, about 28% presented with one or more
complication to admission to our rehabilitation facility. The
kinds of complications are also in line with previous data,
with pressure ulcers representing the most common one
[8, 14, 21]. Patients with complications had a higher fre-
quency of traumatic lesions and a higher frequency of AIS
A lesions. Furthermore, they also had a significant longer
LTA. The data are comparable to those already reported in a
previous study [21] in which we studied the risk of having a
complication at admission to rehabilitation. Longer LTA
could be explained by the severity of the lesion but also by
organizational problems, and, in particular, the availability
of beds in the spinal unit [21]. The lack of sufficient
resources for the rehabilitation of patients with SCL could
also be a cause why, at least in the present study, despite the
advances in the acute care of patients with SCL, the inci-
dence of complications did not decrease along time. In fact,
as this is a study assessing patients admitted during a 24
years period, we examined in the entire cohort of 1030
patients the admissions of patients with complications in
five periods of 5 years and found that the number of patients
with complications admitted during each period did not
change.

Patients with traumatic lesions in the complications
group also showed a higher number of associated lesions
than their counterparts. The presence of complications
could be another confounder for the outcome of patients
with SCL. However, the possible impact of associated
lesions on SCL rehabilitation outcomes is still a matter of
debate. Stephan [38] found that in patients with SCL, a high
injury severity was associated with worst functional out-
come (as assessed by the Glasgow Outcome Scales).
Macciocchi [39] reported that concomitant brain injury was
associated with low Functional Independence Measures
scores in patients with paraplegia, but not in those with
tetraplegia. However, other works [17, 40, 41] did not
report any impact of brain injury or other associated lesions
on the functional outcomes of patients with SCL. Rather, as
reported in our previous study [21] we would suggest that
immobility, determined by the severity of the lesion, by the
neurosurgical/orthopedic workout, by the need to stay in an
intensive care unit, and by the presence of associated lesions
could be one of the factors that facilitate the development of
complications during the acute phase.

In the matched cohorts, patients with complications
showed a lower functional status (in terms of daily-life

Table 2 Complications at admission.

Entire group Matched dyad

Type No. 284 No. 207

Pressure ulcers 251 180

Heterotopic ossifications 14 9

Respiratory complications 25 18

Deep vein thrombosis 6 6

Pulmonary embolism 2 2

Urological complications 4 3

No. of complications per patient

1 229 191

2 or more 32 16
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independence, mobility, and walking) than their counter-
parts without complications. The impact of complications
on functional status is still a matter of debate both in general
rehabilitation and in the field of SCL. In a retrospective
analysis of the inpatient rehabilitation facilities data of the
United States, Wang reported that patients with pressure
ulcers had a lower Functional Independence Measure gain
during their stay than the patients without pressure ulcers
[23]. In the field of SCL there is a relative paucity of studies
assessing the impact of complications on rehabilitation
outcomes. New in 2004 [42] evaluated the impact of

pressure ulcers on the outcome of patients with nontrau-
matic SCL and did not find any difference in Functional
Independence Measure at admission and discharge between
patients with and without pressure ulcers. Hastings [15]
reported in a South-African population that individuals with
pressure ulcers at admittance to inpatient rehabilitation
achieved 9% lower SCIM scores than those without this
complications. In 2016 we examined the effect of several
clinical features on the realization of the rehabilitation
potential using the Spinal Cord Injury-Ability Realization
Measurement Index and found that the presence of

Table 3 Dyads comparison
(Student’s T test for paired
samples).

Patients without
complications

Patients with
complications

Differences between
the two groups

Mean (SD) Mean (SD) Mean (95% CI) p

LTA (days) 47.8 (52.4) 61 (50.1) 13.3 (3.1–23.5) 0.01

LOS (days) 154.5 (84.8) 180.4 (93) 25.8 (8.1–43.5) 0.04

Total LOS 203.2 (95.3) 237.5 (110.6) 34.3 (13.5–55.1) 0.001

SCIM admission 21.8 (16.5) 16.1 (12.4) 5.7 (2.8–8.5) 0.001

SCIM discharge 57.9 (23.2) 47.9 (25) 10 (5.3–14.7) 0.001

SCIM increase 35.7 (20.5) 31.9 (20.3) 3.8 (0.14–7.8) 0.06

SCIM efficiency 0.3 (0.3) 0.2 (0.2) 0.07 (0.02–0.12) 0.01

RMI admission 1.4 (4.9) 0.8 (3.7) 0.6 (−0.5–1.7) 0.3

RMI discharge 4.7 (3.8) 3.1 (3.5) 1.6 (0.7–2.5) 0.001

RMI increase 3.7 (3.2) 2.6 (2.9) 1.1 (0.3–1.8) 0.04

RMI efficiency 0.03 (0.04) 0.02 (0.04) 0.01 (0.01–0.02) 0.04

WISCI admission 0.8 (3.5) 0.3 (2) 0.5 (−0.9–1.1) 0.09

WISCI discharge 5.8 (7.1) 3.2 (5.9) 1.3 (0.7–2.7) 0.0001

WISCI increase 4.9 (6.6) 2.8 (5.6) 2.1 (0.9–3.4) 0.001

WISCI efficiency 0.04 (0.07) 0.03 (0.06) 0.02 (0.004–0.03) 0.01

MS admission 50.5 (18.3) 49.5 (17.8) 1 (−3.4–5.4) 0.6

MS discharge 59.7 (20.9) 55.7 (20.7) 4 (−1–9.1) 0.1

MS increase 9.3 (13.6) 6.2 (9.8) 3.2 (0.3–6) 0.03

MS efficiency 0.07 (0.1) 0.05 (0.09) 0.03 (0.003–0.5) 0.04

LTA lesion to admission time, LOS length of rehabilitation stay, Total LOS LTA+ LOS, SCIM Spinal Cord
Independence Measure, RMI Rivermead Mobility Index, WISCI Walking Index for Spinal Cord Injury, MS
total Motor Scores.

Table 4 Dyads comparison (McNemar’s Square Chi test).

Patients without complications Patients with complications Odds ratio (95% CI) p

Discharged home 187/207 161/207 0.4 (0.2–0.7) <0.001

AIS improvement 68/207 48/207 0.5 (0.3–0.8) <0.05

Bladder management independence 161/207 132/207 0.5 (0.3–0.8) <0.05

Bowel management independence 146/207 105/207 0.4 (0.3–0.6) <0.05

New complications development 26/181 31/176 1.3 (0.7–2.1) >0.05

Walking without assistance 76/131 42/165 0.4 (0.3–0.7) <0.001
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complications was negatively correlated with the SCI-
ARMI scores at discharge [17]. Richard-Denis [22] and
Facchinello [27] reported that the presence of complications
and, in particular of pressure ulcers, was one of the pre-
dictors of the SCIM score at 6 months and 1 year after the
lesion. Stampas [28] compared patients with SCL who
developed urinary tract infections during their rehabilitation
stay and those who did not develop infections and found
that the first group had lower Functional Independence
Measure scores at admission and discharge than the group
without infections. In a very recent study Donhauser [29]
examined the outcomes of a small group of 28 patients with
SCL with grades 3 and 4 pressure ulcers that required
surgical management with a matching procedure similar to
the present one. He found that patients with pressure ulcers
had a significantly lower SCIM score after 1 year from the
lesion than patients without pressure ulcers. As pressure
ulcers in this and in other works seem to be some of the
most frequent, if not the most frequent complications after a
SCL, this issue deserves some discussion. While the timing
(as soon as the ulcer is discovered) and the kind of treatment
(surgical or non-surgical or both, depending on the staging

of the ulcer) are relatively well established [43], emphasis
has always been put on the prevention of this complication.
In this sense, recent studies [44] questioned the validity of
standard prevention protocols for pressure ulcers and sug-
gest that the risk of developing an ulcer is individualized
and needs flexible strategies of prevention based on the
characteristics of each patients. Although this individualized
approach would probably increase the costs of SCI care, it
could probably be the way to optimize the prevention of
these common complications.

To explain the impact of complications on functional
outcome a number of factors have been proposed, mainly
related to the “immobility” needed to heal the complications
(in particular pressure ulcers). This approach may delay the
reaching of the sitting position, the use of the wheelchair
and ultimately the accomplishment of rehabilitation goals
[45]. However, in our opinion, this delay should be coun-
terbalanced by the increase of the length of stay that is
reported in all the studies evaluating the impact of com-
plications. But this does not seem to be the case as patients
with complication do not achieve the same level of inde-
pendence of patients without complications neither at the

Table 5 Dyads comparison
(Student’s T test for paired
samples) (only for patients with
pressure ulcers).

Patients without
complications

Patients with
complications

Differences between
the two groups

p

Mean (SD) Mean (SD) Mean (95% CI)

LTA (days) 48.5 (54) 64 (51.5) 15.5 (4.2–26.8) 0.07

LOS (days) 152 (82) 182.9 (90.3) 30.8 (12.4–49.3) 0.001

Total LOS 201.9 (95.2) 241.7 (107.8) 39.8 (17.8–61.8) 0.001

SCIM admission 21.9 (15.9) 15.3 (10.6) 6.5 (3.7–9.4) 0.001

SCIM discharge 57.4 (23.3) 46.2 (24.2) 11.1 (6.1–16.1) 0.001

SCIM increase 35.1 (20.5) 31.1 (19.6) 4 (0.2–8.2) 0.06

SCIM efficiency 0.3 (0.2) 0.2 (0.2) 0.07 (0.02–0.12) 0.003

RMI admission 1.4 (4.5) 0.6 (3.7) 0.6 (−0.5–1.8) 0.3

RMI discharge 4.6 (3.7) 2.9 (3.2) 1.6 (0.7–2.5) 0.001

RMI increase 3.7 (3.2) 2.6 (2.8) 1.1 (0.3–1.9) 0.005

RMI efficiency 0.03 (0.03) 0.02 (0.03) 0.01 (0.01–0.02) 0.03

WISCI admission 0.6 (2.7) 0.2 (1.5) 0.4 (−0.1–0.9) 0.1

WISCI discharge 5.5 (6.9) 2.5 (5.4) 3 (0.7–2.7) 0.0001

WISCI increase 4.9 (6.5) 2.3 (5) 2.6 (1.6–4.4) 0.0001

WISCI efficiency 0.04 (0.07) 0.02 (0.05) 0.02 (0.008–0.04) 0.007

MS admission 50.3 (18.3) 48.7 (16.8) 1.6 (−2.9–6.1) 0.5

MS discharge 59.4 (18.3) 54.5 (19.2) 4.9 (−0.3–10.1) 0.07

MS increase 8.8 (12.6) 5.8 (9.9) 2.9 (0.1–5.9) 0.05

MS efficiency 0.08 (0.1) 0.04 (0.08) 0.03 (0.006–0.6) 0.02

LTA lesion to admission time, LOS length of rehabilitation stay, Total LOS LTA+ LOS, SCIM Spinal Cord
Independence Measure, RMI Rivermead Mobility Index, WISCI Walking Index for Spinal Cord Injury, MS
total motor scores.
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end of their rehabilitation stay (see the present data), nor at a
longer time from injury (see Donhauser and Facchinello)
[27, 29]. Other possible explanations, that need to be ver-
ified with appropriate studies are: (1) the patients with
complications have a longer length of stay but nonetheless
receive less hour of rehabilitation or less intensive rehabi-
litation than their counterparts without complications. (2)
As it has been demonstrated [46] that complications, in
particular pressure ulcers induce a chronic inflammatory
state with anemia, low serum iron, hypoproteinemia, and
hypoalbuminemia, it is possible that this long-lasting suf-
fering disrupts the functional potential of the patients.

With regard to neurological status, we found a difference
in neurological outcome of our patients with patients
without complications having a significantly higher MS
gain and a higher percentage of AIS grade conversion than
patients without complications. These results are in contrast
with recent studies [19, 29] in which the authors reported
that the presence of complications does not affect the neu-
rological outcomes of patients with SCL. However, in 2012,
Failli [26] reported that patients with pneumonia and sur-
gical wound infections had a lower percentage of AIS grade
conversion and lower MS gain and that these differences
lasted a long time. They attributed this phenomenon to the
systemic inflammation induced by infections as demon-
strated also by experimental models [47]. As other com-
plications and, in particular, pressure ulcers (that
represented the most frequent complications in our data-
base) may induce a chronic inflammatory state [46], it is
possible that other complications beside infections may
negatively impact on neurological recovery. However, this
hypothesis needs to be verified in further specific studies,
because we cannot exclude that this result could be due to
the effect of other confounders.

In agreement with several previous studies
[8, 14, 15, 24], our data show that patients with complica-
tions have a longer length of rehabilitation stay (mean
26 days) than those without complications. Although this
increase in LOS is probably effectively due to the presence
of complications and related problems and care, we would
question the utility of LOS as an outcome measure. A
survey from ten countries all over the world [48] reported
that LOS may depend on factors different from clinical ones
and in particular to barriers to discharge (for example
waiting for nursing home bed, home modification, equip-
ment funding). Therefore, basing conclusions on LOS may
be a cause of bias unless the above mentioned factors are
carefully evaluated.

The main strength of the present study is that it is
specifically designed to assess the impact of complica-
tions on the functional and neurological outcome of
patients with SCL. Furthermore it is based on a much
larger sample of patients than most of the previous studies

and with a large set of validated measure assessing dif-
ferent aspects of function. It also has some limitations: (1)
the databased on which this work is based started in 1996
and included only the associated lesions and the compli-
cations cited in the methods. We acknowledge that there
are other complications (for example pain, spasticity,
cardiovascular complications, and urinary tract infections)
that need to be addressed in other studies. Furthermore,
both associated lesions and complications were only
categorized as present/absent without an assessment of
their severity which obviously could make a difference.
For the same reason we do not provide a formal assess-
ment of injury severity (for example with the Injury
Severity Score). (2) The study is from a single center
which could limit the generalizability of the results to
other realities. Furthermore, although we matched our
patients to control for two key confounders, it is still
possible that our findings are further confounded. A
possible way to answer this question comprehensively is
to start with a directed acyclic graph (DAG) that allows a
visual representation of the causal pathway and the
identification of confounders and colliders [49], then
prospectively collect the appropriate data (as identified in
the DAG) and use modeling to get at the cause–effect
relationship between complications on admission and the
various outcomes at discharge.

Conclusions

By using a set of specific functional and neurological
measures, a large number of patients and a specific meth-
odology to correct for some confounders (lesion level and
severity) our study, in agreement with previous ones,
demonstrates that the presence of complications at admis-
sion to inpatient rehabilitation has a negative impact on
patients’ neurological and functional status at discharge and
possibly length of stay, and it determines a higher risk of
being institutionalized.

This datum could be useful not only to answer the
questions of patients with SCL and to decide the allocation
of economical resources, but also to support previous arti-
cles on the need of optimizing acute care with regard to the
prevention of these complications and, in particular of
pressure ulcers that continue to represent a common com-
plication despite specific prevention protocols.
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Data are available as Supplementary material.

Acknowledgements The authors would like to thank all patients who
were willing to contribute to the database.

1288 G. Scivoletto et al.



Funding The manuscript is partially supported by the ERANET-
NEURON grant to Giorgio Scivoletto.

Author contributions All authors equally contributed to the study.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethics statement We certify that all applicable institutional and gov-
ernmental regulations concerning the ethical use of human volunteers/
animals were followed during the course of this research.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

References

1. Singh A, Tetreault L, Kalsi-Ryan S, Nouri A, Fehlings MG.
Global prevalence and incidence of traumatic spinal cord injury.
Clin Epidemiol. 2014;6:309–31.

2. New PW, Cripps RA, Bonne Lee B. Global maps of non-
traumatic spinal cord injury epidemiology: towards a living data
repository. Spinal Cord. 2014;52:97–109.

3. Steeves JD, Lammertse D, Curt A, Fawcett JW, Tuszynski MH,
Ditunno JF, et al. Guidelines for the conduct of clinical trials for
spinal cord Guidelines injury (SCI) as developed by the ICCP
panel: clinical trial outcome measures. Spinal Cord.
2007;45:206–21.

4. Scivoletto G, Morganti B, Molinari M. Neurologic recovery of
spinal cord injury patients in Italy. Arch Phys Med Rehabil.
2004;85:485–9.

5. Anson CA, Shepherd C. Incidence of secondary complications in
spinal cord injury. Int J Rehabil Res. 1996;19:55–66.

6. Chen D, Apple DF Jr., Hudson LM, Bode RK. Medical compli-
cations during acute rehabilitation following spinal cord injury—
current experience of the Model Systems. Arch Phys Med Reha-
bil. 1999;80:1397–401.

7. Richard-Denis A, Feldman DE, Thompson C, Mac-Thiong JM.
The impact of acute management on the occurrence of medical
complications during the specialized spinal cord injury acute
hospitalization following motor-complete cervical spinal cord
injury. J Spinal Cord Med. 2018;41:388–96.

8. Tator CH, Duncan EG, Edmonds VE, Lapczak LI, Andrews DF.
Complications and costs of management of acute spinal cord
injury. Paraplegia. 1993;31:700–7.

9. Gupta A, Taly AB, Srivastava A, Murali T. Non-traumatic spinal
cord lesions: epidemiology, complications, neurological and
functional outcome of rehabilitation. Spinal Cord
2009;47:307–11.

10. Dimar JR, Fisher C, Vaccaro AR, Okonkwo DO, Dvorak M,
Fehlings M, et al. Predictors of complications after spinal stabi-
lization of thoracolumbar spine injuries. J Trauma
2010;69:1497–500.

11. Grossman RG, Frankowski RF, Burau KD, Toups EG, Crommett
JW, Johnson MM. et al. Incidence and severity of acute compli-
cations after spinal cord injury. J Neurosurg Spine. 2012;17 Suppl
1:119–28.

12. Bourassa-Moreau É, Mac-Thiong JM, Ehrmann Feldman D,
Thompson C, Parent S. Complications in acute phase hospitali-
zation of traumatic spinal cord injury: does surgical timing matter?
J Trauma Acute Care Surg. 2013;74:849–54.

13. Do JG, Kim du H, Sung DH. Incidence of deep vein thrombosis
after spinal cord injury in Korean patients at acute rehabilitation
unit. J Korean Med Sci. 2013;28:1382–7.

14. van Weert KCM, Schouten EJ, Hofstede J, van de Meent H,
Holtslag HR, van den Berg-Emons RJG. Acute phase complica-
tions following traumatic spinal cord injury in Dutch Level 1
trauma centres. J Rehabil Med 2014;46:882–5.

15. Hastings BM, Ntsiea MV, Olorunju S. Factors that influence
functional ability in individuals with spinal cord injury: a cross-
sectional, observational study. S Afr J Physiother. 2015;71:235.

16. Alabed S, de Heredia LL, Naidoo A, Belci M, Hughes RJ,
Meagher TM. Incidence of pulmonary embolism after the first
3 months of spinal cord injury. Spinal Cord 2015;53:835–7.

17. Scivoletto G, Bonavita J, Torre M, Baroncini I, Tiberti S, Maietti
E, et al. Observational study of the effectiveness of spinal cord
injury rehabilitation using the Spinal Cord Injury-Ability Reali-
zation Measurement Index. Spinal Cord. 2016;54:467–72.

18. Joseph C, Nilsson Wikmar L. Prevalence of secondary medical
complications and risk factors for pressure ulcers after traumatic
spinal cord injury during acute care in South Africa. Spinal Cord.
2016;54:535–9.

19. Kreinest M, Ludes L, Biglari B, Küffer M, Türk A, Grützner PA,
et al. Influence of previous comorbidities and common compli-
cations on motor function after early surgical treatment of patients
with traumatic spinal cord injury. J Neurotrauma.
2016;33:2175–80.

20. Maharaj MM, Stanford RE, Lee BB, Mobbs RJ, Marial O,
Schiller M, et al. The effects of early or direct admission to a
specialised spinal injury unit on outcomes after acute traumatic
spinal cord injury. Spinal Cord 2017;55:518–24.

21. Scivoletto G, Torre M, Iosa M, Porto MR, Molinari M. Prediction
model for the presence of complications at admission to rehabi-
litation after traumatic spinal cord injury. Top Spinal Cord Inj
Rehabil. 2018;24:151–6.

22. Denis AR, Feldman D, Thompson C, Mac-Thiong JM. Prediction
of functional recovery six months following traumatic spinal cord
injury during acute care hospitalization. J Spinal Cord Med.
2018;41:309–17.

23. Wang H, Niewczyk P, DiVita M, Camicia M, Appelman J, Mix J,
et al. Impact of pressure ulcers on outcomes in inpatient rehabi-
litation facilities. Am J Phys Med Rehabil. 2014;93:207–16.

24. Winslow C, Bode RK, Felton D, Chen D, Meyer PR Jr. Impact of
respiratory complications on length of stay and hospital costs in
acute cervical spine injury. Chest. 2002;121:1548–54.

25. Facchinello Y, Beauséjour M, Richard-Denis A, Thompson C,
Mac-Thiong JM. The use of regression tree analysis for predicting
the functional outcome following traumatic spinal cord injury. J
Neurotrauma. 2017. https://doi.org/10.1089/neu.2017.5321.

26. Stampas A, Dominick E, Zhu L. Evaluation of functional out-
comes in traumatic spinal cord injury with rehabilitation-acquired
urinary tract infections: a retrospective study. J Spinal Cord Med.
2019;42:579–85.

27. Donhauser M, Grassner L, Klein B, Voth M, Mach O, Vogel M,
et al. Severe pressure ulcers requiring surgery impair the func-
tional outcome after acute spinal cord injury. Spinal Cord.
2020;58:70–77.

28. Failli V, Kopp MA, Gericke C, Martus P, Klingbeil S, Brommer
B, et al. Functional neurological recovery after spinal cord injury
is impaired in patients with infections. Brain 2012;135:3238–50.

29. Kirshblum SC, Waring W, Biering-Sorensen F, Burns SP,
Johansen M, Schmidt-Read M, et al. Reference for the 2011
revision of the International Standards for Neurological Classifi-
cation of Spinal Cord Injury. J Spinal Cord Med. 2011;34:547–54.

30. Itzkovich M, Tripolski M, Zeilig G, Ring H, Rosentul N, Ronen J,
et al. Rasch analysis of the Catz-Itzkovich spinal cord indepen-
dence measure. Spinal Cord. 2002;40:396–407.

Impact of complications at admission to rehabilitation on the functional status of patients with spinal. . . 1289

https://doi.org/10.1089/neu.2017.5321


31. Catz A, Itzkovich M, Tesio L, Biering-Sorensen F, Weeks C,
Laramee MT, et al. Multicenter International Study on the Spinal
Cord Independence Measure, Version III: Rasch psychometric
validation. Spinal Cord. 2007;45:275–91.

32. Collen FM, Wade DT, Robb GF, Bradshaw CM. The Rivermead
Mobility Index: a further development of the Rivermead Motor
Assessment. Int Disabil Stud. 1991;13:50–4.

33. Ditunno JF Jr, Ditunno PL, Scivoletto G, Patrick M, Dijkers M,
Barbeau H, et al. The Walking Index for Spinal Cord Injury
(WISCI/WISCI II): nature, metric properties, use and misuse.
Spinal Cord. 2013;51:346–55.25.

34. Scivoletto G, Morganti B, Ditunno P, Ditunno JF, Molinari M.
Effects of age on spinal cord lesion patients rehabilitation. Spinal
Cord. 2003;41:457–64.

35. Morganti B, Scivoletto G, Ditunno P, Ditunno JF, Molinari M.
Walking Index For Spinal Cord Injury (WISCI): criterion vali-
dation. Spinal Cord. 2005;43:27–33.

36. Scivoletto G, Morganti B, Molinari M. Sex related differences of
rehabilitation outcomes of spinal cord lesion patients. Clin
Rehabil. 2004;18:709–13.

37. Daniel E, Ho DE, Kosuke Imai K, Gary King G, Elizabeth A,
Stuart EA. MatchIt: nonparametric preprocessing for parametric
causal inference. J Stat Softw. 2011;42:1–28. http://www.jstatsoft.
org/v42/i08/.

38. Stephan K, Huber S, Häberle S, Kanz KG, Bühren V, van
Griensven M, et al. Spinal cord injury–incidence, prognosis, and
outcome: an analysis of the Trauma Register DGU. Spine J
2015;15:1994–2001.

39. Macciocchi S, Seel RT, Warshowsky A, Thompson N, Barlow K.
Co-occurring traumatic brain injury and acute spinal cord injury
rehabilitation outcomes. Arch Phys Med Rehabil.
2012;93:1788–94. Scivoletto Associated lesions.

40. Nott MT, Baguley IJ, Heriseanu R, Weber G, Middleton JW,
Meares S, et al. Effects of concomitant spinal cord injury and

brain injury on medical and functional outcomes and community
participation. Top Spinal Cord Inj Rehabil. 2014;20:225–35.
Summer

41. Scivoletto G, Farchi S, Laurenza L, Tamburella F, Molinari M.
Impact of multiple injuries on functional and neurological out-
comes of patients with spinal cord injury. Scand J Trauma Resusc
Emerg Med. 2013;21:42.

42. New PW, Rawicki HB, Bailey MJ. Nontraumatic spinal cord
injury rehabilitation: pressure ulcer patterns, prediction, and
impact. Arch Phys Med Rehabil. 2004;85:87–93.

43. Kruger EA, Pires M, Ngann Y, Sterling M, Rubayi S. Compre-
hensive management of pressure ulcers in spinal cord injury:
current concepts and future trends. J Spinal Cord Med.
2013;36:572–85.

44. Groah SL, Schladen M, Pineda CG, Hsieh CH. Prevention of
pressure ulcers among people with spinal cord injury: a systematic
review. PM R. 2015;7:613–36.

45. Chen Y, DeVivo MJ, Jackson AB. Pressure ulcer prevalence in
people with spinal cord injury: age-period-duration effects. Arch
Phys Med Rehabil. 2005;86:1208–13.

46. Scivoletto G, Fuoco U, Morganti B, Cosentino E,
Molinari M. Pressure sores and blood and serum dysmetabolism
in spinal cord injury (SCI) patients. Spinal Cord. 2004;
42:473–4766.

47. Noller CM, Groah SL, Nash MS. Inflammatory stress effects on
health and function after spinal cord injury. Top Spinal Cord Inj
Rehabil. 2017;23:207–17. Summer

48. New PW, Scivoletto G, Smith E, Townson A, Gupta A, Reeves
RK. International survey of perceived barriers to patient flow in
spinal cord injury rehabilitation units. Spinal Cord.
2013;51:893–7. https://doi.org/10.1038/sc.2013.69.

49. Chamberlain JD, Brinkhof MWG. Using strong inference to
answer causal questions in spinal cord injury research. Spinal
Cord. 2019;57:907–8.

1290 G. Scivoletto et al.

http://www.jstatsoft.org/v42/i08/
http://www.jstatsoft.org/v42/i08/
https://doi.org/10.1038/sc.2013.69.

	Impact of complications at admission to rehabilitation on�the�functional status of patients with spinal cord lesion
	Abstract
	Introduction
	Methods
	Matching procedure
	Statistical analysis

	Results
	Discussion
	Conclusions
	Supplementary information

	ACKNOWLEDGMENTS
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




