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STUDY DESIGN: Population-based prospective study.
OBJECTIVES: To provide a population-based description of length of stay (LOS) and person-related risk factors following unplanned
hospital admission due to a secondary health condition (SHC) in persons with spinal cord injury (SCI).
SETTING: Specialized SCI hospital and rehabilitation center in Switzerland.
METHODS: Descriptive analysis of LOS using routine clinical data of persons with SCI, who were acutely hospitalized between
01.01.2017–30.06.2018. Multivariable regression analysis was used to derive marginal predictions of LOS by acute SHCs and person
characteristics.
RESULTS: The study included 183 persons, 83% were male, and the median age was 57 years (interquartile range, IQR, 49–67 years).
SCI cause was traumatic in 160 (88.4%) cases, 92 (50.3%) were persons with tetraplegia, 147 (80.3%) were classified as motor
complete lesions (American Spinal Injury Association Impairment Scale (AIS) A or B) and median time since injury (TSI) was 24 (IQR
13–34) years. Median LOS was 19 (IQR 9–39) days, varying from 74 (IQR 39–92) days for pressure ulcers, 13 (IQR 8–24) days for
urinary tract infections (UTI), to 27 (IQR 18–47) days for fractures. LOS was prolonged in persons with multiple co-morbidities or
those developing complications during hospitalization. Sex, SCI etiology and lesion level were not associated with LOS.
CONCLUSIONS: This population-based description identified substantial variation in LOS between acute SHCs and clinical
complications as the main, potentially modifiable, person-related risk factors for extended hospital stay.
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INTRODUCTION
Evidence-based estimations of number of admissions and length
of stay (LOS) are key parameters for hospitals in optimizing the
planning of clinical resources, such as the management of hospital
beds and medical personnel. Unplanned hospital admissions are
especially challenging, as involving unplanned and immediate
treatment. Persons with spinal cord injury (SCI) are especially
prone to endure an unplanned hospital admission and are
hospitalized more frequently compared to the general population,
typically related to the acute occurrence or aggravation of a
secondary health condition (SHC) [1, 2]. Lifelong follow-up care
programs aiming to prevent SHCs and thus avoid hospitalizations
are well established and accessible for all persons with SCI. Yet,
many SHCs eliciting unplanned hospital admissions in daily
practice may neither be predictable nor preventable, particularly
in persons not attending annual routine clinical check-up visits [3].
Contemporary studies in persons with SCI have indicated

pressure ulcers, urinary tract infections (UTI), respiratory infections,
circulatory problems, neuropathic pain, spasticity, osteoporosis
and fractures, as well as bowel and bladder regulation as the most
common SHCs [1, 4–8]. Most hospitalizations due to SHCs seem to

occur in first few years after SCI [2, 6], but reliable data on causes
for hospitalization and LOS are limited [9–11]. This lack of
information on patient numbers and LOS by cause of unplanned
hospital admission hampers the optimal planning of health care
resources, including bed capacity, specific medical supplies and
medical personnel [9, 12, 13]. The provisioning and improvement
of LOS estimations by the clinical cause of unplanned hospital
admission is also relevant from the person perspective and the
societal and financial perspective. Patients, their family and
employers need reliable informing regarding their anticipated
LOS, while associated economic costs (usually calculated as total
inpatient days) and indirect costs (for example work leave) need
timely informing to health and social security organizations [9, 12].
The present study investigated unplanned hospital admissions

using data from the Swiss Paraplegic Centre (SPC), which
represents the largest of four specialized SCI clinics in Switzerland.
In the Swiss setting persons with SCI incurring a SHC are
commonly directly admitted to the most proximate specialized
SCI center and related to catchment area of the SPC the study
population is for the most part representative of German-speaking
Switzerland. The objective of this study is to provide a population-
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based description of LOS following unplanned hospital admission
due to SHCs in persons with SCI. The first aim is to provide a
description of number of persons, causes for unplanned hospital
admissions (patient case-mix), and LOS due to SHCs. The second
aim is to evaluate the determinants for LOS for common SHCs.

METHODS
Study design and study population
We conducted a prospective population-based study using routine clinical
data from digital medical records and study specific data of the SPC in
Nottwil, Switzerland. The SPC offers 24 × 7 in-hospital specialty services
including outpatient and inpatient emergency (intensive care unit and
acute wards) and rehabilitation facilities. The study site is the largest Swiss
facility for SCI care with annually between 600 and 700 hospitalizations
due to SHCs. In this study we included all persons admitted within 24 h
after first contact with the clinic (unplanned hospital admissions) from
01.01.2017 to 30.06.2018 (18 months). Inclusion criteria were: persons with
SCI due to traumatic or non-traumatic cause and having an acute SHC with
“the need for emergency admission within 24 h after first contact”.
Excluded were persons without a diagnosis of SCI (for example:
amyotrophic lateral sclerosis or cerebral palsy), persons admitted outside
the defined time frame of 24 h after first contact, or persons with direct
referral to the intensive care unit.

LOS
LOS was defined as the length of the inpatient period of care, calculated
from time from the day of hospitalization until the day of discharge, thus
basically reflecting the number of overnight stays. For persons with
admission and discharge on the same day (n= 2 persons) LOS was set
at 0.5.

Demographic variables and lesion characteristics
Person-characteristics, including age (at admittance), sex and TSI, were
categorized according to the recommendations of the International Spinal
Cord Injury Core Data Sets [14], while collapsing adjacent groups in case of
sparse data. Age groups for analysis thus included persons aged 15–29,
30–44, 45–59, and 60 years or older. TSI groups included less than 6, 6–15,
16–25, and 26 years or more. Level and severity of SCI was reported
according to the International Standards for Neurological Classification of
Spinal Cord Injury (ISNCSCI) [13]. SCI etiology was classified as traumatic
and non-traumatic SCI, according to the definition of the International
Spinal Cord Society (ISCoS) Core Data Set [13]. Discharge destination was
classified as private home, nursing home, death, or unspecified.

Diagnosis of the SHC
We defined, according to the definition of Jensen, Molton [5], the following
groups of SHC as admission causes: 1. pressure ulcers, 2. UTI, 3. respiratory
infections, 4. fractures, 5. other urological causes, 6. autonomic dysregula-
tion (AD), 7. other infections and 8. other acute health conditions (for
example bowel problems, baclofen pump defect).

Comorbidities
For our study we chose the most relevant comorbidities, defined as a
health condition that is likely to be associated with worse health outcome
(especially prolonged LOS) [15]. For this study, following comorbidities
were assessed: 1. Diabetes mellitus (American Diabetes Association (ADA)
Classification 1–4) [16], 2. Osteoporosis (T–Value < 2.5) [17], 3. Arterial
hypertension (American Society of Hypertension (ASH) Stage 1–3) [18], 4.
Renal failure (KDIGO - Kidney Disease Improving Global Outcomes) [19], 5.
Heart failure (definition according to the Heart Failure Society of America)
[20], 6. Deep vein thrombosis or pulmonary embolism, 7. Vascular disease
(peripheral artery disease), 8. Current treatment for cancer, and 9.
Moderate and severe sleep apnea (Apnoe-Hypopnoe-Index > 15/h) [5].

Complications during hospital stay
We comprehensively assessed complications during hospital stay that are
likely to influence LOS, including sepsis, UTIs, respiratory infections, severe
pain, severe spasticity, autonomic dysregulation, and pressure ulcers. In
statistical analysis complications were used as a binary variable, with 0
indicating “not occurring” and 1 indicating “occurring”.

Statistical method
All statistical analyses were performed using the Stata statistical software
(Stata/SE version 16.1 for Windows; Stata Corp, College Station, TX, USA).
Descriptive analyses include crude numbers and percentages to depict

the population and to evaluate differences in LOS across classes of
demographic and lesion characteristic variables. Variation in LOS will be
reported using the mean and standard deviation (SD) as well as median
and interquartile rage (IQR). Univariable and multivariable linear regression
analysis was used to identify main determinants of LOS (days) among
predictor variables, including sex, age class, lesion level, completeness of
SCI, SCI etiology, cause of admission, medical complications, and pre-
existing comorbidities. Prior to analysis, the variable LOS was log-
transformed (lnLOS) to achieve normal distribution as confirmed using a
Kolmogorov-Smirnov’s test. Marginal predictions for LOS from the multi-
variable model were derived using exponentiation as to back-transform
estimates and respective 95% CI to the original scale (days).

RESULTS
Person characteristics
Table 1 provides an overview of the study population. Over the
study period a total of 183 persons were admitted. In total 83%
were male and the median age was 57 years (IQR 49–67) years,
with persons over 60 years of age representing 41.5% of the
population. The median TSI was 24 (IQR 13–34) years. The cause
of SCI was traumatic in 88.4%, about 50% (n= 92) had a
tetraplegia, and 147 lesions (80.3%) were classified as motor
complete (AIS A & B).
The most common single cause of unplanned hospital

admission was infection, either from a respiratory, urological or
other cause (Table 1). UTI represented the most prevalent distinct
cause of admission at nearly 18% of cases, followed by pressure
ulcer (13.3%) and fractures (12.2%). The assorted group of acute
health conditions (21.6%) included severe constipation, dysfunc-
tion of baclofen pump, and other unspecified health conditions
requiring immediate medical care.
Over three-quarter of persons had one or more comorbidities,

the median number of comorbidities among those persons being
2 (IQR 1–3). The three most common comorbidities were:
moderate/severe sleep apnea (33%), arterial hypertension
(28.5%) and osteoporosis (26.8%). A total of 112 (62.6%) persons
developed medical complications during hospital stay. Three
persons died during hospital stay, over 90% of the persons
(n= 167) were discharged home or to the nursing home where
they were formerly living, the other persons were discharged to
another hospital for specific medical treatment (Table 1).
The median LOS was 19 (IQR 9–39) days, for a total range of 0 (2

persons were referred to other hospitals within the same day) to
311 days. Median LOS varied considerable between different
cause of hospitalization, ranging from a maximum duration of 73.5
(38.5–92) days for pressure ulcers to a minimum duration of 5.5
(4–11) days for other urological causes (Fig. 1).
Crude, univariable, analyses indicated a statistical association of

LOS with cause of admission, medical complications and number
of comorbidities. In contrast, demographics, lesion characteristics
and also discharge destination showed no distinct relationship
with LOS (Table 1). Adjusted, multivariable, analysis confirmed an
association of LOS with cause of admission and medical
complications, but not with number of comorbidities (Supple-
mental Table 1). Marginal prediction of LOS as function of cause of
admission and the occurrence of medical complications are
provided in Table 2. Medical complications are projected to
prolong LOS between 1.8 days for “Other urological causes” to
16 days for “Pressure ulcer”. For comparison, marginal estimates
from a model allowing for effect modification (i.e., interaction term
involving cause of admission and occurrence of medical
complications) are also provided, recognizing that current data
provided weak statistical support (likelihood ratio test comparing
hierarchical models, F–test6142= 0.45, P= 0.85).
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Table 1. Description of population characteristics, overall and by person characteristics.

Indicator parameter [missing] N (%) Length of stay: mean (SD); median (IQR) P-value‡

Overall 183 (100) 31.5 (31.5); 19 (9–39)

Sex [0] 0.23

Male 152 (83.1) 31.4 (39.7); 18 (8.5–36.5)

Female 31 (16.9) 32.0 (24.8); 27 (14–41)

Age class [0] 0.13

16–30 7 (3.8) 9.9 (9.2); 6 (4–20)

31–45 25 (13.7) 28.8 (29.6); 18 (9–35)

46–60 75 (41.0) 31.4 (43.4); 18 (8–38)

61–75 56 (30.6) 33.4 (35.8); 20 (11–38)

76 20 (10.9) 37.1 (33.2); 27.5 (9–63)

Level of injury [0] 0.63

C1–C 35 (19.1) 28.9 (25.8); 22 (10–33)

C5-T1 57 (31.2) 33.1 (45.4); 19 (10–42)

T2-L2 88 (48.1) 32.1 (36.7); 18 (8.5–37)

L3-S5 3 (1.6) 11.7 (8.1); 8 (6–21)

Lesion level [0] 0.66

Paraplegia 91 (49.7) 31.4 (36.3); 18 (8–35)

Tetraplegia 92 (50.3) 31.5 (39.0); 20 (10–40)

ASIA [0] 0.18

A 123 (67.2) 30.9 (33.5); 19 (9–35)

B 24 (13.1) 44.5 (64.4); 23.5 (10.5–60.5)

C 22 (12.0) 30.0 (23.6); 20 (10–47)

D 13 (7.1) 16.6 (21.8); 9 (6–15)

E 1 (0.6) 8.0 (0.0); 8 (8-8)

Etiology [2] 0.72

NTSCI 21 (11.6) 29.5 (32.3); 15 (7–58)

TSCI 160 (88.4) 31.9 (38.5); 19 (9.5–38.5)

Years since injury [0] 0.37

<= 5 17 (9.3) 21.9 (22.4); 18 (5–28)

6–15 36 (19.7) 28.7 (29.4); 18 (7.5–33)

16–25 46 (25.1) 44.3 (56.6); 21.5 (10–69)

>= 26 84 (45.9) 27.5 (27.8); 18.5 (9.5–34.5)

Cause of admission [2] <0.0001

Pressure ulcer 24 (13.3) 81.0 (61.8); 73.5 (38.5–92)

UTI 32 (17.7) 21.3 (25.4); 13 (8–24)

Respiratory infection 20 (11.1) 22.2 (17.5); 18.5 (13–28.5)

Fracture 22 (12.2) 36.6 (27.4); 26.5 (18–47)

Other urological causes 14 (7.7) 7.7 (6.6); 5.5 (4–11)

Autonomic dysregulation 4 (2.2) 18.5 (12.8); 18 (7.5–29.5)

Other infection 26 (14.4) 34.2 (31.8); 20.5 (12–47)

Unspecified health condition # 39 (21.6) 20.6 (23.9); 11 (7–23)

Medical complications [4] <0.0001

None 67 (37.4) 17.3 (18.3); 13 (6–20)

One or more 112 (62.6) 39.3 (42.6); 24.5 (11.5–60.5)

Number of comorbidities [0] 0.044

None 43 (23.5) 24.5 (31.0); 13 (6–27)

One or more 140 (76.5) 33.6 (39.2); 20 (10–41)

Discharge destination [0] 0.47

Home 167 (91.3) 31.7 (37.8); 19 (10–39)

Nursing home 5 (2.7) 34.2 (49.4); 19 (0–33)

Death 4 (2.2) 30.0 (22.8); 29 (12–48)

Unknown 7 (3.8) 23.7 (37.9); 4 (3–26)

Continuous parameter Mean (SD) Median (IQR)

Age (years) 57.6 (13.9) 57 (49–67)

Time since injury (years) 23.7 (13.6) 24 (13–34)

‡ p–value from univariable regression analysis with lnLOS as outcome.
#: Including: constipation, unspecific internal medicine issues, hand surgery, disfunction of spasticity device.
For indicator parameters, person numbers (N) are given with percentages of total population (%), and corresponding estimates of LOS (days) as mean with
standard deviation (SD) and median with interquartile rage (IQR) in days. P-value are derived from univariable statistical tests evaluating differences across
parameter levels on log-transformed values of LOS (which fulfilled the normal distribution assumption).
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DISCUSSION
Causes for unplanned hospital admissions
This study indicated infections as the leading cause for unplanned
hospital admissions (accounting for 43.2% of cases), followed by
pressure ulcers (13.3%) and fractures (12.2%). Our findings
contribute to the so far meager evidence base for specialized
SCI care in high- and middle-income countries [12], which show
similar predominance of clinical issues in the patient case-mix
[2, 9–11]. The ordering in relative frequency among other health
issues such as UTIs and urinary tract problems varies between
settings, which may be indicative of differences between patient
populations in patient characteristics, the quality of clinical follow-
up, referral practice of emergency cases, or a combination of these
factors. For instance, the present documentation of a relatively
high frequency of respiratory infections may be explained by
comparatively large share of persons with tetraplegia in our study
population. This again might be explained by the possibility to
admit persons to the intensive care unit at our center. Also, the
lower frequency of urological problem and infections among
unplanned hospital admissions might be due to the annual neuro-
urological follow-up appointments provided in Switzerland
[2, 8–10]. Finally, methodological differences in study design,
involving defining of the sampling frame as well as timepoints and

procedures of data collection, may also have affected the
recorded patient case-mix of unplanned hospital admissions.

LOS and person-related risk factors for extended LOS
Mean LOS for unplanned hospital admission due to SHC in the
total population was 31.5 days (SD 56.5 days) with a large variation
between SHCs. Especially LOS in persons admitted with pressure
ulcers was found to be long (median LOS of 73.5 days, range 0 till
311 days). This can be explained by the treatment approach of
pressure ulcers usually involving surgery followed by an additional
rehabilitation program with graded mobilization [1, 21]. Compar-
ison of LOS with other settings is difficult [2, 9, 10, 22] and might
be strongly depending on, for example, national situation in
finances and health care provision
The most important finding was that development of complica-

tions during admission, such as in-hospital acquired infections and
pressure ulcers during hospital admission was found to be the
main potentially modifiable risk factor for extended LOS in all
groups of SHC. This finding is likely not be unique for the Swiss
population and is therefore of relevance for other settings.
Although, the study center is one of the biggest specialized
centers in the treatment of persons with SCI, even in this study
almost 63% of the admitted persons developed one or more
complications during admission which were found to be relevant
for prolonged LOS. Development of better in-hospital monitoring
strategies to prevent or early diagnose complications, such as
hospital acquired pressure ulcers, hospital-acquired infections is
thus of outmost importance. Development of those strategies is
depending on prognostic models for specific complications such
as hospital acquired pneumonia [23] or hospital acquired
infections [24].
It is noticeable that, contrary above-mentioned studies older

age, gender, injury severity and TSI did not influence LOS due
to SHC.

Clinical, person and policy implications
This population-based description of unplanned hospitalizations
due to SHC and potentially person-related risk factors of extended
hospital stay provides us with evidence-based information to
optimize health care and health care provision for persons with
SCI. For efficient planning of health care resources, clinics (number
of emergency beds, planning of personal and facilities like
laboratory and radiology opening times, discharge planning)
dependent on better knowledge of patient case-mix. Since studies
on hospital nurse-staffing models also show that optimizing

Fig. 1 Length of stay (LOS) in relation to cause of admission. The
whisker plot indicates the median, the 25th and 75th percentile, and
the lower and upper adjacent values. Open circles indicate outliers.

Table 2. Marginal prediction of LOS (days; mean with 95%CI) in relation to cause of admission and occurrence of medical complications.

Cause of admission Model without interaction Model with interaction

No medical
complications

With medical
complications

No medical
complications

With medical
complications

Pressure ulcer 41, 4 (19, 7–63, 0) 57, 4 (34, 4–80, 5) Not estimable 60, 5 (35, 9–85, 1)

Urinary tract infection 10, 5 (7, 2–13, 8) 14, 6 (9, 7–19, 5) 10, 2 (6, 5–14, 0) 16, 0 (9, 4–22, 6)

Respiratory infection 12, 9 (7, 3–18, 5) 17, 9 (10, 6–25, 2) 16, 1 (5, 5–26, 8) 17, 1 (9, 3–24, 9)

Fracture 22, 2 (14, 1–30, 2) 30, 8 (20, 1–41, 5) 20, 3 (12, 4–28, 1) 35, 3 (18, 9-51, 7)

Other urological causes 4, 8 (2, 2–7, 4) 6, 6 (2, 8–10, 4) 4, 7 (1, 3–8, 0) 7, 7 (0, 2–15, 3)

Autonomic dysregulation 10, 3 (3, 0–17, 6) 14, 3 (4, 5–24, 2) 7, 1 (4, 5–9, 8) 17, 6 (2, 0–33, 2)

Other infection 17, 6 (10, 3–24, 8) 24, 4 (14, 3–34, 5) 16, 9 (6, 6-27, 2) 27, 1 (12, 2–41, 9)

Unspecified health
condition

11, 4 (6, 4–16, 3) 15, 8 (9, 0–22, 5) 13, 9 (6, 2–21, 7) 14, 5 (6, 2–22, 8)

Marginal estimates for “Model without interaction” are at mean values for other variables included in the multivariable regression as given in Supplement
Table 1. Estimates for “Model with interaction” are from a similar model that additionally allowed for mutual effect modification (i.e., a model including the
interaction between variables “Cause of admission” and “Occurrence of medical complications”). LOS for admissions due to pressure ulcers was not estimable
for the case with no medical complications due to lack of empirical data.
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planning of health care resources is related to better outcomes for
patients, the current study is also relevant with regard to patient
outcomes [25, 26].
Besides the clinical perspective this study is also relevant from a

person perspective, allowing us to better inform persons with SCI,
their relatives and employers on estimated LOS. Furthermore,
from a societal/cost-benefit perspective the current study provides
evidence on leading causes of SHCs leading to (expensive)
hospital admissions and therefore future targets of interventions
such as initiation of focused vaccination campaigns to prevent
respiratory infections [27] and implementation of evidence based
clinical follow-up programs [18]. Unfortunately, literature regard-
ing LOS due to SCHs in able bodies persons is scarce. A
representative, recent Swiss study regarding LOS due to SHCs
and costs due to (hip) fractures documented a mean LOS of
13 days (SD 11 days), which is considerably shorter than in the SCI
population [28].
Last, as already mentioned earlier, the finding that development of

complications during in-hospital stay result in prolonged LOS shows
an urgent need for the development of better prevention strategies.

Methodological considerations
The center where this study was performed is the largest
specialized SCI center with emergency care facilities as well as
rehabilitation facilities in Switzerland and serves as primary referral
facility for persons with SCI. Although it could be that we might
have missed some persons with less severe (ambulatory) SCI our
study is one of the few studies population-based studies. The
prospective design of the study is a strength, avoiding methodo-
logical problems such as recall or reporting bias.
Unfortunately, the number of persons per subgroup did not

allow us to perform further, in-depth analysis on the relation of
SHC with the development of comorbidities.

Future research
Prevention of SHC plays a key factor in avoiding unplanned hospital
admissions. Evaluation of future prevention strategies for SHC, such
as vaccination campaigns should be target of future research. Also, to
evaluate the effect of inpatient strategies to prevent complication
during hospital stay should be topic of future research.

CONCLUSION
This population-based and prospective study contributes to the
scant evidence base regarding the characteristics of the patient
case-mix as well as LOS in relation to the emergence or worsening
of existing SHCs. Clinical management strategies should particu-
larly seek to reduce the incidence of complications in order to
avoid extended LOS following unplanned hospital admissions.

DATA AVAILABILITY
Additional data are available from the corresponding author on reasonable request.
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