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Abstract

Study design Retrospective study.

Objectives To determine prevalence of respiratory complications in individuals with spinal cord injury (SCI) during the
initial rehabilitation at the spinal cord injury unit (SCU) and to describe the subsequent effect on mortality.

Setting The SCU at the university hospital in Gothenburg, Sweden.

Methods We reviewed the medical charts of newly injured persons with SCI who were admitted to the SCU between 1/1/
2010 and 12/31/2014. Outcome measures were time to death, length of stay, occurrence of respiratory complications, and the
use of breathing aids.

Results A total of 136 consecutive individuals were included; 53% with cervical SCI and 20% with lower SCI suffered from
one or several respiratory complications during their initial rehabilitation in the SCU. At follow-up, 10/1/2018, 20% of the
individuals were deceased. The most common cause of death was related to respiratory insufficiency. The individuals with
respiratory complications during the initial rehabilitation in the SCU had particularly shortened survival compared with those
without. The relative risk (RR) of dying if the person suffered from any respiratory complications during their initial
rehabilitation in the SCU was 2.1 times higher than for those with no respiratory complications (RR, 2.1; 95% CI, 1.1-3.9).
Conclusions Having respiratory complications at the SCU provides preliminary data to support the claim that respiratory
complications predict premature mortality. Early diagnosis and prophylactic measures seem to be necessary to mitigate the
adverse consequences of serious respiratory problems.

Introduction

Traumatic injury to the cervical and upper thoracic spinal
cord is associated with variable degrees of pulmonary
dysfunction and disability depending on the level and
completeness of the injury [1-3]. Respiratory impairment
after spinal cord injury (SCI) causes complications and is
equally as frequent in lower cervical (C5—C8) and thoracic
T1-T12 injuries [1]. Overall, the incidence of respiratory
complications in the acute phase is up to 80% [4-6].
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Clinically, it is not always easy to diagnose respiratory
complications, as they may be masked by other SCI-related
features. Respiratory complications associated with SCI are
the most common cause of morbidity and mortality in both
the acute phase and long-term [2, 7—11], followed by cir-
culatory causes, neoplasms, and urogenital problems for
individuals surviving the first year after a traumatic SCI
[12]. Survival during the first year after SCI has improved
since the 1970s [11], but long-term survival has not chan-
ged [9-11].

Previous studies have shown that respiratory complica-
tions influence mortality after SCI [2, 13]. Pneumonia is the
most common cause of death in individuals with SCI in
the chronic phase [14]. However, information regarding the
influence of modern rehabilitation, acute respiratory com-
plications, and length of survival after SCI is scarce.
Therefore, we studied respiratory complications at the
spinal cord injury unit (SCU) and followed-up overtime to
support the claim that respiratory complications predict
premature mortality.
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Methods

This retrospective study utilized data retrieved from medical
charts and the official cause of death registry at the Swedish
National Board of Health and Welfare. The study was
carried out at the SCU at Sahlgrenska University Hospital
(SU) in Gothenburg, Sweden. The SCU (at that time) pro-
vided the initial care and rehabilitation after SCI in the
Gothenburg area (population around 800,000) and all
traumatic and most non-traumatic came to the SCU. We did
not admit malignant causes nor cauda equina.

We performed consecutive inclusion of all newly injured
persons with SCI caused by traumatic or non-traumatic
events who were admitted to the SCU at SU between 1/1/
2010 and 12/31/2014. A total of 136 individuals were
included in the study. Follow-up regarding mortality ended
10/1/2018. Individuals not permanently living in Sweden,
who were transferred to other departments, deceased within
2 days after admission, or did not have a newly diagnosed
SCI were excluded (Fig. 1).

The inpatient electronic medical records were reviewed
to collect the following data from the individuals’ initial
care and rehabilitation in the SCU: American Spinal Injury
Association Impairment Scale (AIS) at discharge [15],
standard data according to the international SCI core set
[16, 17], and Charlson Comorbidity Index (CCI) calculated
for the person at the time of injury. The need for a breathing
aid was defined as the use of noninvasive ventilation (NIV),
continuous positive airway pressure (CPAP) or bi-level
positive airway pressure (BiPAP); tracheostomy and the use
of an invasive ventilator; the use of a cough assist machine;
or requiring supplementary oxygen for at least 8 h a day that
persisted at discharge. Individuals who required any of
these breathing aids during surgery and were then weaned
off prior to admission to the SCU were not included or
analyzed, nor were any respiratory complications that
emerged prior to admittance to the SCU. However, if any of
those persons experienced any respiratory complications
again once they had been admitted to the SCU, they were
indeed included in the study. Respiratory complications
extracted from the medical records were defined as pneu-
monia, severe mucus plugs, or transfer to the intensive care
unit (ICU) due to respiratory failure. The diagnosis of
pneumonia had to be stated in the medical record as a
clinical diagnosis with the International Classification of
Diseases (ICD) code, in addition to treatment with appro-
priate antibiotics.

Date and cause of death defined by the ICD codes were
retrieved from the official cause of death registry at the
Swedish National Board of Health and Welfare.

Length of stay (LOS) for initial care and rehabilitation in
the SCU was calculated in days from the time of admittance
to the SCU until the time of discharge from the SCU. LOS
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153 patients
January 2010- December 2014

Excluded (n=18)

Not new onset SCI (n=7)
Transfer to other departments
within 2 days (n=5)
Non-Swedish resident (n=3)
Deceased within 2 days after
admission (n=2)

136 patients

30 Female 106 Male

Deceased by 10/01/2018
Female (n=7) Male (n=24)
Pulmonary causes (n=10)
Heart-coronary (n=6)
Sepsis (n=5)
Other (n=4)
Cancer (n=3)
Suicide (n=3)

Fig. 1 Flowchart of included persons. Number and reason for
exclusion of persons and number of persons deceased and reson to
death.

was dichotomized; long LOS was defined as a duration
greater than the median LOS for the whole studied sample.
The median was chosen instead of mean because the LOS
appeared to follow a skewed distribution. Age at onset was
also dichotomized, young was defined as 51 years and
younger and old was defined as an age above. Fifty-one
years being the median age at onset, median was chosen
instead of mean since the age at onset appeared to follow a
skewed distribution.

Statistical analyses were performed using the IBM Sta-
tistical Package for Social Sciences (SPSS) version 24 for
Windows (SPSS Inc., Chicago, IL, USA). The results are
presented using quantitative descriptive statistics with
mean, median, standard deviation, minimum and maximum,
frequency, and proportion (%) when appropriate. Fisher’s
exact test was used for categorical data. Relative risk (RR)
was used to compare the risk of outcome (LOS and survi-
val) between groups when appropriate, and a 95% con-
fidence interval (CI) not covering 1 was considered
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significant. A Kaplan—Meier survival curve was used to
investigate the relationship between survival and respiratory
complications in the SCU. As well as a Cox regression
model was used to investigate the relationship between
survival and respiratory complications in the SCU, age and
level of injury (cervical or other). P<0.05 was considered
significant.

Results
Sample characteristics

A total of 153 people were identified, 136 of whom met the
inclusion criteria (Fig. 1). The individuals had SCI caused
by traumatic (84%, n = 114) or non-traumatic events. The
most common traumatic event was fall (33%, n =45), and
the most common non-traumatic event was infection (5%,
n="7) or vascular events (5%, n=7). The median age at
onset of SCI was 51 years (IQR: 33—65 years); four people
were <18 years old at the time of SCI. Twenty-two percent
of the included individuals were female.

The mean CCI was 1 (IQR: 0-3). Cervical SCIs (n = 83)
were more common than thoracic-lumbar SCIs (n = 53).
Details of the demographics are presented in Table 1.

The median LOS in the SCU was 65 days (IQR
41-118 days).

Need for breathing aid during initial rehabilitation
in the SCU

A total of 38% (n=152) of the study population required
some breathing aid during their initial rehabilitation period
in the SCU. NIV was used by 19% (n = 26) of the sample,

Table 1 Baseline demographics of the included individuals.

Grouping variables Total sample Alive Dead P value
(n=136) (n=105) (n=31)

Spinal cord injury level
Cervical 83 (61.0) 62 (74.7) 21 (25.3) 0.411°
Thoracic—sacral 53 (39.0) 43 (81.1) 10 (18.9)

SCI standard core set, level and severity®
Cl1-4 AIS ABC 22 (16.9) 16 (72.7) 6 (27.3) 0.237°
C5-C8 AIS ABC 23 (17.7) 18 (78.3) 5217
T1-S5 AIS ABC 34 (26.2) 27 (79.4) 7 (20.6)
All levels AIS D 44 (33.8) 36 (81.8) 8 (18.2)
Ventilator-dependent at 7 (5.4) 3 (42.9) 4 (57.1)

discharge, all levels

Data are given as n (%).

“Fisher’s exact test.

SPearson chi-squared.

“The AIS classification was unavailable for 6 patients, total 130
patients.

and 32% (n = 44) had a tracheostomy and required invasive
ventilation at some point during their stay at the SCU.

A cough assist machine was used by 26% (n=35) at
some point during their stay in the SCU. For 7% (n =9) of
individuals, the need for supplementary oxygen at least 8 h
a day persisted at discharge and 5% (n =7) were ventilator-
dependent at discharge. More than half of the individuals
(n =43) with a cervical SCI needed a breathing aid during
their initial rehabilitation in the SCU, and 17% (n=9) of
the individuals with lower injuries required the same.

Respiratory complications during initial
rehabilitation in the SCU

A total of 40% (n = 54) of individuals had acute respiratory
complications during their stay in the SCU. Pneumonia was
diagnosed in 35% (n=48) of cases; median being diag-
nosed with pneumonia two times while at the SCU (IQR:
1-2 times). Removal of the mucus plugs was needed in 27%
(n =37) of individuals. Nine people (7%) were transferred
from the SCU to the ICU due to respiratory failure. More
than half of the individuals with cervical SCI (n = 43) had
respiratory complications during their initial rehabilitation
in the SCU, and 20% (n=11) of individuals with lower
injuries experienced the same.

LOS and correlation with the need for a breathing
aid and/or respiratory complications during the
initial rehabilitation in the SCU

Those who required breathing aids as defined above during
their initial rehabilitation in the SCU had a 57% increase in
the risk of a LOS > 65 days compared to individuals who
did not require any kind of breathing aid (RR, 1.57; 95%
CI, 1.14-2.16). The median LOS was 65 days and was
chosen as the cut off when LOS was dichotomized.

The individuals who suffered from any respiratory
complications (pneumonia, obstruction by mucus plugs, or
transfer to the ICU due to respiratory failure) during their
initial rehabilitation in the SCU had a 76% increase in the
risk of a LOS > 65 days (RR, 1.76; 95% CI, 1.3-2.4; p<
0.005) Fig. 2.

Respiratory complications during initial
rehabilitation in the SCU and survival

Of all people included in the study, 23% (n =31) are now
deceased. Follow-up regarding mortality ended 2018-01-10.
Median time to follow-up was 6 years (IQR: 5-8 years)
Fig. 3. Respiratory causes contributed to one-third of the
deaths (n=10), followed by heart/coronary (n=6) and
sepsis and other infections (n = 5). One-third (n = 7) of the
deceased individuals with cervical SCI and three individuals
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Fig. 2 Barchart over number of days spent in the SCU. Length of
stay at the SCU and respiratory complications yes/no during the initial
rehabilitation period, y-axis number of persons, x-axis number of days.
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Fig. 3 Kaplan-Meier survival curve. Time to follow-up regarding
mortality ended 10/1/2018. Table with numbers at risk, the top row
represents those who experienced no respiratory complications at the
SCU, the bottom row represents those with respiratory complications
at the SCU.

with a lower SCI (out of 10, 30%) died from respiratory
causes. The median age for the deceased was 72 years (IQR:
57-81 years). The median survival after SCI onset was 2
years and 8 months (IQR: 53-241 weeks).

The RR of dying if the person suffered from any
respiratory complications during their initial rehabilitation
in the SCU was 2.1 times higher than for those with no
respiratory complications (RR, 2.10; 95% CI, 1.1-3.9).
While a history of pneumonia was associated with 72%
higher mortality, this was not statistically significant (RR,
1.72; 95% CI, 0.9-3.2).

When using a Cox regression analysis, a history of
respiratory complications in the SCU was associated with a
higher mortality and a tendency of a shorter life span, this
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was not statistically significant, as the CI covered 1 (HR,
1.88; 95% CI, 0.9-4.1; p 0.11). In the Cox regression ana-
lysis the variable that was statistically significant was age
where the older individuals had a higher risk of a shorter life
span (HR, 3.64; 95% CI, 1.6-8.5; p<0.01). A cervical
injury was associated with a higher mortality and a tendency
of a shorter life span, this was not statistically significant, as
the CI covered 1 (HR 1.15; 95% CI, 0.5-2.6; p 0.73).

Death due to respiratory causes

Ten people died from respiratory causes, including eight
who suffered from pneumonia during their initial rehabili-
tation in the SCU and had a 4.3 times higher risk (RR, 4.27;
95% CI, 1.1-16.9) of dying from respiratory causes later
compared to those who did not suffer from pneumonia at
the SCU. Six out the ten individuals required use of the
cough assist machine during their stay in the SCU, which
also indicated a significantly higher risk of death due to
respiratory causes (RR, 3.15; 95% CI, 1.1-8.7).

Discussion

This study indicates an association between all acute
respiratory complications in the SCU and survival. We also
found an association between pneumonia in the SCU that
may indicate association with death due to respiratory
causes later on in life. The findings indicates the need for
immediate diagnosis and treatment, as well as awareness of
the risk respiratory complications may cause and interven-
tions aiming to prevent these. The association between the
early respiratory complications and survival means that the
optimal treatment may influence the long-term outcome.
Even though the Cox regression analysis was not statisti-
cally significant for respiratory complications it did show a
tendency of a shorter life span if the person had suffered
from respiratory complications in the SCU.

Acute respiratory complications were present in all levels
of SCI in our study. Cervical SCIs are more prone to
respiratory complications [1, 2], but our results emphasize
that acute respiratory complications may occur at all levels
of SCI and should be managed both acutely and at follow-
up. The occurrence of respiratory complications and use of
breathing aids is exceptionally high during the first weeks
following a SCI [1]. Our results that respiratory complica-
tions significantly increase the risk of mortality in less
severely injured persons are supported by previous findings
[18]. Nor did we find evidence in our study to claim that the
level of SCI significantly influenced survival [19].

Our study provides preliminary data that having pneu-
monia and other respiratory complications at the SCU
support the claim that respiratory complications predict
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premature mortality. Early diagnosis and prophylactic
measures are necessary to mitigate the adverse con-
sequences of serious respiratory problems. People who are
diagnosed with pneumonia in the SCU require follow-up
after discharge. Physical examination in follow-up and
patient history alone do not necessarily provide sufficient
information about respiratory status why for example
spirometry and chest X-ray could be useful.

We showed that individuals with pneumonia during their
initial rehabilitation likely die later due to respiratory cau-
ses. Therefore, that pneumonia that occurs during acute
rehabilitation may indicate respiratory dysfunction and
predict shortened survival.

Larger studies are needed to analyze assistive breathing
and respiratory dysfunction separately. We found that the
use of breathing aids influences LOS. Such use may be an
indicator of respiratory dysfunction; thus, the length of
initial rehabilitation and follow-up of such complications
should be clearly defined. Winslow et al. [20] showed that
respiratory complications experienced during the initial
hospitalization have a greater impact on LOS and hospital
cost than the level of injury itself. Our study demonstrates
that the respiratory complications may indicate association
with longer LOS regardless of the level of the SCI. The
median survival was 2 years and 8 months, which is con-
sistent with previous studies reporting high mortality due to
various causes in the first 2 years after a SCI [11].

Clinical relevance

Respiratory complications during initial rehabilitation
should be considered serious, as they have a life-long
impact on the individual. All persons with SCI and
respiratory complications require a long initial rehabilitation
in the SCU and should be thoroughly followed-up by
respiratory disease specialists after discharge. Anything that
can reduce respiratory complications both during the initial
rehabilitation and after discharge might reduce complica-
tions including mortality and morbidity, LOS, and costs.

Study limitations

The study has a retrospective design, and missing data in
the medical records cannot be restored. We do not know if
all respiratory complications were properly documented in
the medical charts; for example, could mucus plugs be
under-reported? For 6 of the 136 individuals included in the
study, the AIS score was missing from their medical chart.
Some subgroups were small, and as such the percentages
may be misleading. Due to small subgroups, the data for the
RR calculations were unadjusted. The same reason, the
different subgroups being too small, is why the study is
based mainly on univariate analyzes. These type of analyzes

can help us predict outcomes but are not as precise in
determine causation as multivariate analyzes are. Hence
caution is of importance when interpreting the data. How-
ever, the present study provides important insights into the
course of respiratory complications in all levels and types of
SCI caused by traumatic or non-traumatic events.

Conclusion

Persons with a cervical SCI have a significantly higher risk
of respiratory complications. However, ~20% of individuals
with lower injuries may also suffer from respiratory com-
plications and may require breathing aids. Respiratory
complications may lead to longer rehabilitation and shorter
survival regardless of the level and completeness of the SCI.
Therefore, early diagnosis and prophylactic measures seem
to be necessary to mitigate the adverse consequences of
serious respiratory problems.

Data availability
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publicly available due to Swedish regulation (https:/
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that state that data cannot be made available for more than
what has been approved by the Ethical Review Board. The
datasets generated and/or analyzed during the current study
are available from the corresponding author on reasonable
request.
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