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Abstract
Study design Retrospective cohort study.
Objectives We studied complications during early rehabilitation and their relation to length of stay (LOS) in the hospital as
well as to survival in people with traumatic spinal cord injury (TSCI).
Setting All specialized hospitals of Saint Petersburg.
Methods We analysed all charts of patients admitted with acute TSCI to the city hospitals, 2012–2016. Patient char-
acteristics, complications, time and cause of death, and LOS were recorded. Mean values with standard deviations and t-tests
were used. We analysed mortality rate using the Kaplan–Meier method and calculated relative risks (RRs).
Results A total of 311 patients with TSCI were included. Complications occurred in 34% of patients; most were respiratory
complications and pressure ulcers. Complications occurred more often in those with concomitant traumatic brain injury
(TBI) (RR= 1.4, 95% CI: 1.2–1.8). All complications prolonged LOS (median, 11 days) and increased mortality in the acute
phase (p < 0.001). In the early phase, 15% died, with a median time to death of 13 days. Respiratory complications markedly
increased the death rate (RR= 18, 95% CI: 15–22). Mortality rate correlated also with age, TSCI severity and level, and
concomitant TBI. Alcohol/drug consumption before TSCI increased the likelihood for complications (RR= 1.7, 95% CI:
1.3–2.1) and mortality (RR= 2.2, 95% CI: 1.6–3.1).
Conclusion Focus on prevention as well as early and optimal treatment of complications, together with no or low alcohol/
drug consumption may reduce mortality in the early phase after TSCI and at the same time shorten LOS.

Introduction

Patients with traumatic spinal cord injury (TSCI) are at
immediate risk of respiratory and cardiac failure,
which can lead to death in the acute phase [1].
Secondary complications follow the ensuing loss of pul-
monary function, loss of bladder control, or reduced
mobility [2–5]. In addition, TSCI may cause dysfunction
in almost every organ system because of autonomic fail-
ure, causing premature death [2]. Mortality rate is an
important indicator of the economic and social burden of a
disease and of treatment outcome [6]. The greatest
improvement in TSCI survival has been achieved in the
first year after an injury [2, 6, 7]. Preventive management
and optimal treatment of complications are expected to
improve outcome and survival. This is important as best
estimates indicate that each year, there will be
170,000–250,000 new TSCIs globally, with an incidence
rate of around 23 per million per year [1]. Injuries in
general is now the fourth leading cause of global deaths,
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and up to 2030 World Health Organisation estimates a
further 40% increase in trauma fatalities [8].

Complications are an important cause of mortality fol-
lowing SCI [2, 6, 9]. Despite advances in emergency and
rehabilitation medicine, survival after TSCI seems to have
remain unchanged in recent years [3]. The population of
elderly persons with TSCI and with preexisting comorbid-
ities has increased. This increase, together with recent care
innovations, has altered the type and rate of complications
as well as the causes of death in TSCI [9]. Causes of death
in TSCI have changed over time, from being urinary tract
disease and renal failure previously to cardiovascular dis-
ease and respiratory complications in recent years. Thus the
causes of death in TSCI have become more similar to the
causes of death in the general population [10, 11]. However,
there are still geographical differences, depending on local
management. Mortality predictors differ among countries,
and precise knowledge of such risk factors is important for
planning strategies to improve general outcomes as well as
long-term survival rates [6, 7].

There are no recent data on the frequency of TSCI
complications and mortality rate in Saint Petersburg. We
aimed to study the role of complications outside the nervous
system related to patient characteristics during the initial
rehabilitation period for TSCI. Such complications are less
well studied than those from the nervous system, and they
are important determinants for patient outcome. In addition,
we analysed the relationship between complications and
survival and identified possible risk factors.

Methods

The Saint Petersburg region

The area of Saint Petersburg is 1439 km2. The registered
adult population (age ≥ 18 years) was 4,267,500–4,400,500
(2012–2016) according to the Administration of the Federal
State Statistics Service for Saint Petersburg and the Lenin-
grad Region.

There are 13 hospitals with neurosurgical facilities in the
city. According to the local legislation, only six hospitals
have been certified to provide care for patients with acute
TSCI. Therefore, such patients were transferred to these six
hospitals for specialized treatment. We included the data
not only from these six hospitals, but also from the other
seven to find all patients and collect all available
information.

The annual TSCI incidence rate for 2012–2016 was 16.6
per 1 million adults [12]. This figure is similar to those of
other European countries, and lower than in the eastern
regions of Russia, probably reflecting a more European
lifestyle in Saint Petersburg [12–16].

Inclusion criteria

For this study, we included persons over age 18 years with
acute TSCI (with ICD-10 codes S14, S24, and S34),
admitted to 13 hospitals in Saint Petersburg, Russia, from
January 1, 2012 to December 31, 2016 [12]. The group
included all cases from the summary reports routinely
presented to the Health Care Committee. To avoid miss-
ing patients due to misclassification, the following ICD-
10 codes were also covered in our search: S12
(S12.0, S12.1, S12.2, S12.7), S13 (S13.0, S13.1, S13.2,
S13.4), S22 (S22.0), S23 (S23.0, S23.4), S32 (S32.0), S33
(S33.0, S33.1), G82, T06 (T06.0, T06.1), T08, T09.3, and
T91 (T91.1, T91.3). The statistics department of each
hospital assisted in identifying records with these ICD-10
codes. The first author of this paper analysed all the
selected patient charts (n= 1517) to confirm the diag-
nosis. Acute TSCI was defined as an acute traumatic
lesion of the spinal cord with varying degrees of motor
and/or sensory deficit. Injury of the cauda equina was
included. Clinical examinations (including AIS) were
registered only by certified neurologists. The first author
of this paper checked the congruence of the AIS-scales to
the records in the charts for all included patients. The AIS
score was changed only for three patients after reviewing
the charts.

Exclusion criteria

Persons who died in the prehospital phase were not included
in the study. Those with spinal fractures without spinal cord
injury or with isolated injuries of nerve roots or autonomic
nervous system manifestations only were excluded (n=
1124), as were cases with missing key data for a precise
diagnosis (n= 32). Of the remaining 361 cases that were all
included when estimating the incidence of TSCI in Saint
Petersburg [12], 50 cases with a lack of precise information
about the severity and the level of injury were excluded in
the present study.

Chart data

The following information was extracted from the hospital
charts: sex and age, injury-related data (time, severity and
level, cause, and concomitant injuries), use of alcohol
and/or drugs, medical complications including the week
of onset for each complication, death (time and immediate
cause), and length of stay (LOS) in the hospital. Infor-
mation on the following complications was obtained:
respiratory complications, pressure ulcers, sepsis, urinary
tract infections, postoperative infections, thromboembo-
lism (including deep vein thrombosis and pulmonary
embolism), and others, such as cardiovascular
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disturbances and infections in the thorax, nervous system,
or bones. TSCI severity was determined using the
American Spinal Injury Association Impairment Scale
(AIS) for defining types of SCI [17]. Participants were
grouped by age according to international guidelines, as
follows: 18–29, 30–44, 45–59, 60–74, and ≥75 years [17].
Alcohol or drug consumption was defined by presence of
alcohol or drug in a blood sample taken shortly after the
injury. We combined the groups of persons using alcohol
and drugs into one joint group, as very few used only
drugs and no alcohol, and several used both. Venous
thromboembolism was diagnosed by the use of ultrasound
and by lung X-ray including computer tomography, and at
autopsy in deceased patients.

Statistical analyses

Data were collected into a Microsoft Excel spreadsheet.
Descriptive statistical analyses were conducted using
STATISTICA-10. Mean values with standard deviations
(SDs) and median values with interquartile ranges (IQRs)
were calculated. Differences between mean values were
calculated using t-tests. The relationship between compli-
cations and mortality and nonmodifiable factors (sex, age,
level, severity, cause, concomitant injury, and alcohol/drug
consumption at the time of injury) was modeled using
Cox’s Proportional Hazards Method. Kaplan–Meier curves
were used to visualize survival by groups with and without
complications. Confidence intervals (CIs) were determined
by the Clopper–Pearson method. Gehan’s Wilcoxon test
(for n ≥ 50) and Cox’s F-test (for n < 50) were applied to
study significance, which was defined as p < 0.05. Relative
risk (RR) was calculated using the formula: RR ¼ a= aþbð Þ

cðcþdÞ
(where a is the number of deceased persons in the group
with the complication, b is the number of surviving persons
in the group with the complication, c is the number of
deceased persons in the group without the complication,
and d is the number of surviving persons in the group
without the complication). The median survival time has
been calculated for all complications except urinary tract
infections. The reason is the low rate of fatal outcome for
this complication.

Results

Charts with complete information from 311 TSCI patients
were analysed (Table 1). More men (72%) than women
(28%) were included. The mean age (SD) at time of injury
was 42 (16) years. The most frequent cause of TSCI was a
fall (50%), followed by motor vehicle accidents (19%).
Surgical treatment was performed in 74% of cases (40%
within 24 h after acute hospitalization, 60% after 24 h);

among those with severe injuries and AIS A or AIS B
surgery was performed in 90%, with AIS C in 77%, and
with AIS D with surgical treatment in 62%.

Table 1 Characteristics of all traumatic spinal cord injury (TSCI)
persons and of those who died during the primary hospital stay
(deceased persons).

Characteristics All persons
(n= 311)

Deceased
persons
(n= 46)

n % n %

Sex

Male 224 72 37 80

Female 87 28 9 20

Age (years)

18–29 85 27 8 17

30–44 92 30 12 26

45–59 75 24 13 28

60–74 43 14 9 20

≥75 16 5 4 9

Age at injury; mean (SD) 42 (16) 49 (18)

Cause

High falls 106 34 14 30

Low falls 50 16 6 13

Motor vehicle accidents 58 19 14 30

Sport 11 4 0 0

Diving 19 6 3 6.5

Violence 19 6 1 2

Other 20 6 3 6.5

Unknown 29 9 5 11

Level

Cervical 160 51 36 78

Thoracic 74 24 5 11

Lumbar/sacral 77 25 5 11

AIS grade

AIS A 49 16 21 46

AIS B 48 15 11 24

AIS C 56 18 9 20

AIS D 149 48 2 4

Unknown 9 3 3 6

Concomitant TBI

No 188 60 20 43

Yes 123 40 26 57

Complications

No 206 66 2 4

Yes 105 34 44 96

Alcohol or drugs consumption before TSCI 51 16 14 30

Acute surgical treatment

No 82 26 8 17

Yes 229 74 38 83

(Within 24 h) (92) (40)

(After 24 h) (137) (60)

Descriptive statistics were used. The percentage was calculated on the
basis of 100% in total in each category (sex, age, cause, level, AIS
grade, concomitant TBI, complications, alcohol/drugs consumption
before TSCI, acute surgical treatment).

SD standard deviation, High falls falls from a height >1 m, Low falls
falls from a height ≤1 m, AIS American Spinal Injury Association
Impairment Scale, TBI traumatic brain injury.
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Acute complications

In total, 105 cases (34%) had at least one complication
during the acute primary stay for TSCI at the hospital. By
age, 50% of those over 75 years had complications, com-
pared with 30–35% in the younger age groups (p < 0.05).
No sex differences in complication rates were observed. In
54 cases (51%), there was only one complication, and the
remaining cases involved two or more. Respiratory com-
plications were the most common.

Complications were most frequent during the first
4 weeks after injury (Fig. 1). The overall incidence of
complications according to TSCI severity was as follows:
AIS A, 76%; AIS B, 58%; AIS C, 46%; and AIS D, 7%.
Specified complication rates according to severity are
shown in Fig. 2a. Respiratory complications occurred in
61% of cases with complete TSCI injury (AIS A), in 42% of
AIS B, and in 25% of AIS C, but in only 4% of AIS D cases
(p < 0.001). Pressure ulcers similarly occurred less fre-
quently in group AIS D (1.3%) compared with groups AIS
A (22%), AIS B (25%), and AIS C (9%), p < 0.001. Sepsis
in group AIS D was less frequent (1%) than in groups AIS
A (18%), AIS B (8%), and AIS C (7%), p < 0.01. Urinary
tract infections were most common in cases with complete
SCI AIS A (10%), higher than in group AIS D (2%), p <
0.05. No thromboembolic complications were observed in
persons of group AIS D, with no significant differences
between groups AIS A, B, and C. The frequency of post-
operative infections was similar in all AIS groups.

The lowest complication frequency 17% was associated
with TSCI at the lumbar/sacral level, whereas the compli-
cation rate was 39% for cervical and thoracic TSCI com-
bined (p < 0.05). Respiratory complications developed more
often in persons with cervical (29%) and thoracic (21%)
damage compared with lumbar/sacral level (8%), p < 0.05.
The second most common complication, pressure ulcers,
was seen most often in individuals injured at the thoracic
level (in 19% of cases), Fig. 2b (p < 0.05). The frequency of
sepsis, as well as urological and postoperative infections,
did not depend on the TSCI level. Thromboembolism
occurred in 5% of cases, and rates differed depending on
TSCI level, in 13 cases (8%) among those with cervical
TSCI, 3 cases (4%) with thoracic, and none for lumbar/
sacral TSCI (p < 0.05).

Concomitant traumatic brain injury (TBI) occurred in
40% of persons with TSCI (Table 1), most often during
motor vehicle accidents (67%). One half of patients with
concomitant TBI had additional lesions outside the central
nervous system. TBI was more common at a young age;
rates by age were 45% at 18–29 years; 41% at 30–44 years;
43% at 45–59 years 43%; 21% at 60–74 years; and 38%
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among those ≥75 years. Complications in general were
more frequent with concomitant TBI (RR= 1.4, 95% CI:
1.1–1.8; p < 0.05), especially for respiratory complications
(RR= 1.8, 95% CI: 1.4–2.3), pressure ulcers (RR= 2.7,
95% CI: 1.7–3.4) and sepsis (RR= 2.3, 95% CI: 1.4–3.5),
p < 0.01; Fig. 2c. Spine surgery was equally common in
those without and with TBI (RR= 1.1, 95% CI: 0.9–1.2,
p= 0.42).

LOS was significantly prolonged in patients with TSCI
and complications: median LOS (IQR) was 19 (10–31) days
for all TSCI patients (range: 1–86 days), but 28 (14–53)
days for patients with complications versus 17 (10–24) days
for patients without complications (p < 0.001). LOS did not
differ between individuals under age 60 years and those
above 60 years: 19 (10–32) days versus 20 (12–28) days.
LOS did not differ among participants in groups AIS A,
AIS B, and AIS C (median 21 [6–35] days, 28 [17–45]
days, 25 [16–41] days, respectively. LOS among partici-
pants in the group with mild injury, AIS D, was shorter
(median 15 [9–23] days) than in group AIS A (p < 0.001).

Complications occurred in 51% of cases among indivi-
duals with alcohol or drug consumption during the last 24 h

before their TSCI, but only in 30% without (RR= 1.7, 95%
CI: 1.3–2.1), p < 0.05).

Relation between risk factors for complications and
death were studied with Cox’s Proportional Hazards Mod-
els (Table 2).

Mortality

Of the 311 patients with TSCI, 46 (15%) died in hospital
during the initial stay. Three of them died within 24 h after
admission. In most cases, death occurred in the first and
second weeks (median [IQR], 13 [4–23] days). The main
causes of death (according to autopsy reports) were cardi-
ovascular (n= 6), respiratory insufficiency (n= 8), failure
in multiple organs (n= 9), pulmonary thromboembolism
(n= 6), myocardial infarction (n= 2), infections (sepsis,
meningoencephalitis, and peritonitis) (n= 10), and edema
in the central nervous system (n= 5).

Three patients died as a direct result of their TSCI (spinal
cord edema, based on autopsy reports). Respiratory com-
plications increased the mortality rate, to 53%. If sepsis
occurred, the death rate increased even more, to 67%. If

Table 2 Risk factors for
complications and death in
patients with traumatic spinal
cord injury (TSCI).

Factor Complications Death

Chi square Hazard ratio
(95% CI)

p value Chi square Hazard ratio
(95% CI)

p value

Sex (male vs female) 0.03 1.0 (0.7–1.6) 0.863 1.7 1.6 (0.8–3.4) 0.196

Cause (MVA vs other causes) 1.1 1.0 (0.9–1.2) 0.284 0.2 1.0 (0.9–1.2) 0.648

Age (age group ≥45 years vs
<45 years)

2.4 1.0 (0.9–1.1) 0.113 5.1 2.0 (1.1–3.6) 0.024

Alcohol/drug (yes vs no) 5.5 1.7 (0.7–2.2) 0.018 4.1 1.4 (1.0–2.0) 0.042

TBI (yes vs no) 4.6 1.4 (1.0–1.8) 0.031 7.1 1.4 (1.1–1.8) 0.007

Injury level 12 0.6 (0.5–0.8) 0.000 13 0.4 (0.2–0.7) 0.000

Cervical vs thoracic, lumbar-
sacral

12 2.6 (1.4–4.8) 0.001 16 3.9 (1.5–10) 0.000

Cervical vs thoracic 5.5 1.8 (1.1–2.8) 0.018 9.9 4.6 (1.8–12) 0.002

Cervical vs lumbar-sacral 10 2.8 (1.5–5.1) 0.001 16 4.0 (1.6–10) 0.003

Thoracic vs lumbar-sacral 1.1 1.4 (0.7–2.8) 0.046 2.5 0.9 (0.3–3.3) 0.104

AIS grade 18 0.7 (0.5–0.8) 0.000 29 0.4 (0.3–0.6) 0.000

AIS A vs AIS B, C, D 9.8 4.2 (2.0–8.6) 0.001 23 21 (5.7–75) 0.000

AIS B vs AIS C, D 3.4 3.9 (1.9–8.2) 0.027 2.0 11 (2.5–54) 0.012

AIS A vs AIS B 0.9 1.3 (0.8–2.1) 0.351 5.5 2.5 (1.2–5.3) 0.018

AIS A vs AIS C 2.5 1.5 (0.9–2.6) 0.116 7.2 2.9 (1.3–6.5) 0.007

AIS A vs AIS D 24 6.3 (3.0–13) 0.000 21 30 (7.0–128) 0.000

AIS B vs AIS C 0.9 1.3 (0.7–2.3) 0.347 0.5 1.4 (0.6–3.6) 0.473

AIS B vs AIS D 7.5 2.9 (1.3–6.1) 0.006 7.4 8.6 (1.8–41) 0.006

AIS C vs AIS D 6.2 2.7 (1.2–5.7) 0.012 5.8 6.8 (1.4–33) 0.016

Cox’s Proportional Hazards Method was used to search for risk factors for complications and death. Chi-
square, hazard ratio of each factor and significance were determined. The results are considered significant at
p < 0.05.

vs versus, TBI traumatic brain injury, AIS American Spinal Injury Association Impairment Scale.
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experiencing a thromboembolic episode, mortality was 81%
(Table 3). Complications in general increased mortality to
42%. Having multiple complications increased the mortality
rate by 2.5 times compared with only one complication
(RR= 2.5, 95% CI: 1.3–3.9, p < 0.01). The impact of
complications on survival for the total group of patients is
shown in Fig. 3.

The mortality rate was 9% among those aged 18–29
years, 13% for age 30–44 years, 17% at 45–59 years, 21%
at 60–74 years, and 23% above 75 years. The mean (SD)
age of the deceased patients was 49 (18) years, and median
(IQR) was 54 (32–62) years. The mean (SD) age of the
surviving patients was 42 (16) years, and median (IQR) 38
(27–53) years (p < 0.01). Complications in general seemed
to influence mortality more in the older age groups, but this
difference was not significant (p= 0.08).

Mortality rate was higher with TSCI at the cervical level
than among individuals affected at the thoracic and lumbar/
sacral levels (RR= 3.4, 95% CI: 2.6–4.4, p < 0.001).
Among the deceased patients, 36 (78%) had TSCI at the
cervical level.

Mortality rate was 43% among study participants in
group AIS A, 23% in group AIS B, 9% in group AIS C, and
1% in group AIS D (p < 0.05). In-hospital mortality rate was
the highest with TSCI after motor vehicle accidents, at 24%
compared with 16% for diving accidents and 13% after
falls. Mortality rates were similar for falls from a high or a
low height. There were no fatal cases after sports injuries.
Mortality differences by TSCI cause could be explained by
variation in TSCI level and severity, along with con-
comitant TBI. Mortality rate was higher in cases with TBI
than without (RR= 1.9, 95% CI: 1.4–2.6, p < 0.05).

Alcohol/drug consumption within 24 h before a TSCI
was documented in 30% of deaths, which was higher
than among the survivors (14%, RR= 2.2, 95% CI:
1.6–3.1; p < 0.05).

Discussion

The main findings in this study are that 34% of patients with
TSCI had at least one complication outside the nervous
system and half of them had two or more complications. We
have shown the importance of such complications for LOS
and mortality rate, as well as identified risk factors for these
complications. Similar previous studies have yielded higher
complication rates; e.g., from Sweden [4], with 78% of
participants having had at least one complication; The
Netherlands, with 59% [18]; and South Africa, with more
than 50% of the cohort [19]. In contrast, findings from a US
study suggested a lower complication rate of 26% [20].
These differences could result from varying sensitivity for
detecting and reporting complications but also reflect dif-
ferences in patient cohorts and treatment. Our study focused
not only on complication frequency but also and more
importantly on how they affected survival. We found that
all complications influenced survival but that respiratory
complications were most influential. The most common
complications were from the respiratory tract (24%) and
pressure ulcers (10%). Our study confirmed that patients
with AIS A and AIS B are most prone to respiratory
complications and pressure ulcers.

Our results differ from previous studies regarding the
frequency of different complications. A study from Tanza-
nia [1] showed that pressure ulcers were the most frequent
(20%) in that cohort, followed by respiratory complications
(15%). In a population from South Africa [19], pressure
ulcers occurred in 30% and pulmonary complications in
23%. Findings from The Netherlands were similar [18]
demonstrating that pressure ulcers (31%) and pulmonary
complications (28%) being most common. In a US study, at
least one pressure ulcer developed in 37% of patients during
acute-care hospitalization [21]. We found a lower frequency
of pressure ulcers, similar to a study in Canada [22].

Table 3 Risk of complications
and risk of death during the
primary hospital stay after acute
traumatic spinal cord injury
(TSCI).

Complications n Risk of complication (% and
95% CI)

Risk of death (% and
95% CI)

RR (95% CI)

All 105 34 (29–39) 42 (32–52) 43 (40–46)

Respiratory complications 73 24 (19–29) 53 (41–65) 18 (15–22)

Pressure ulcer 31 10 (6.9–14) 32 (17–51) 2.5 (1.7–3.6)

Sepsis 18 5.8 (3.5–9.0) 67 (41–87) 5.7 (4.0–7.9)

Urinary tract infection 17 5.5 (3.2–8.6) 29 (10–56) 2.1 (1.2–3.5)

Thromboembolism 16 5.1 (3.0–8.2) 81 (54–96) 7.3 (5.2–9.8)

Postoperative infection 9 2.9 (1.3–5.4) 33 (7–70) 2.3 (1.1–4.4)

Other complications 19 6.1 (3.7–9.4) 79 (54–94) 7.4 (5.4–9.9)

Risk of complication (percentage) and risk of death (percentage of death in cases with complications) are
given with 95% confidence intervals (CI); it was determined the ratio of a fatal outcome probability
occurring in a group with complication, compared with a fatal outcome probability occurring in a group
without complication.

RR relative risk.
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Fig. 3 Complications and survival. Survival after traumatic spinal cord injury (TSCI) in relation to complications.
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Frequency of pressure ulcers reflects organization and
quality of care [3]. It is important to focus on registration of
all phases of pressure ulcers, including phase 1 (only red
skin areas). In our study, only pressure ulcers in stage 2–4
(visible pressure ulcers) have been systematically recorded
in the patient charts.

We identified a low frequency of urinary tract infections
(5.5%) compared with previous studies [4, 19, 22, 23].
However, similarly low frequencies were reported for
patients in The Netherlands [18] and in a previous study
from Russia [24]. Urinary tract infections are associated
with completeness of injury (more frequent in persons with
complete injury—AIS A) [19] and depend on the quality of
bladder management (intermittent catheterization is a safe
and effective treatment for neurogenic bladder dysfunction
caused by SCI) [23]. Our data reflect the low incidence of
complete injuries and a close attention to the Russian
guidelines for treatment and prevention of TSCI compli-
cations, including intermittent catheterization, regular use of
antibiotics, and uroseptics (palin, urodan, urolesan, and
canephron), and bladder irrigation with dioxidine [25]. It is
also possible that some cases of mild urinary tract infection
were not recorded in the patient charts.

Despite our routine prophylaxis of thromboembolism,
the frequency of this complication remained high (5%). It
was more common for cervical TSCI, in contrast to the US
data showing the highest rate for thoracic TSCI [26].

The frequency of complications increased with age and
with higher level and severity of injury, similar to previous
reports [2]. Our findings differ from a study from Sweden,
however, showing associations between the level of injury
and complications during acute care [4]. Older age and
injury level and severity should be defined as risk factors for
complications. We found that the frequency of complica-
tions was the highest during the first month after injury.
Patients with cervical TSCI and complete injuries should be
monitored especially closely for complications, and in
particular those related to respiratory function.

Increased mortality with age may be associated with
comorbidity, and older patients with TSCI should be atten-
tively examined for complications. In the acute TSCI phase,
prevention of complications is the most important task.

The median hospital LOS for TSCI in different studies
varies from several days to several months and depends on
many factors: the severity or completeness of injury, the
presence of complications or risk of their development, and
organization of medical care for TSCI patients in various
countries [1, 5, 19, 23]. In a study from South Africa,
median LOS was comparable to our study, 24 days (range:
3–245 days) [19]. In Latvia, the median LOS was 39 days
(range: 5–104 days) [23]. A study from Canada noted that
the LOS depended on age, with a median of 28 days in the
younger age group and 35 days in the group of elderly

patients [5]. Moshi et al. (Tanzania) indicate that LOS was
shorter in the group with complications (46.7 ± 37.8 days)
than in those without complications (75.7 ± 60.2 days) [1].
We found that complications increased LOS regardless of
patient age and were more important than TSCI severity.
Based on these results, optimal prevention and management
of complications should reduce LOS.

TBI occurred frequently, identified in 40% of our cases,
similar to studies from Norway, USA, and Russia
[25, 27, 28]. Persons with TBI had more respiratory com-
plications and sepsis. The persons with TSCI and TBI
should have frequent checks for complications.

Alcohol and drug consumption has been identified as a
risk factor for complications and mortality. A US study
[29] showed that alcohol increased the risk for all com-
plications but did not affect mortality. Another study
found that alcohol and substance abuse was a predictor of
TSCI mortality [30], in keeping with our findings. Pre-
vention of these habits should have a marked positive
effect on the frequency of complications and survival
after TSCI.

The mortality rate in our study was 15%, similar to
previous results from a Russian population [31]. Reported
early mortality rates with TSCI range from 0 to 38%, which
is a wide span, most likely because of differences in study
design. Studies with higher mortality usually had longer
follow-up periods [6]. Complications were an important
marker for mortality in our study, as previously reported
[2, 7]. The mortality rate was 42% in cases with compli-
cations but only 1% with no complications. The first
4 weeks after an acute TSCI were most critical. Although
the causes of death were both neurological and non-neu-
rological, our data, in line with previous TSCI studies
[6, 11, 32], show that mortality correlates with occurrence
of complications, age, and TSCI severity and level.

Respiratory evaluation and the use of appropriate
respiratory aids are probably the single most important
precaution to reduce TSCI mortality. Prophylactic use of
anticoagulant therapy should be routinely performed for
3 months after TSCI to reduce the risk of thromboembolism
[33].

Our study had some limitations. Those who died at the
prehospital stage, as well as those who were injured outside
the city and never brought back to Saint Petersburg
(because of discharge or death), were not included. Such
missing cases are relatively few, but may have influenced
the final results through selection bias. Some included cases
had incomplete data. Due to the retrospective design of our
study, it has not been possible to confirm the accuracy in
registration of complications and reanalyze the causes of
death. Only visible pressure ulcers (stages 2–4) have been
counted. We combined the persons using alcohol and drugs
into one group, as the group of people who used only drugs
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was very small. There were many cases with both drug and
alcohol use. Due to inconsistent and unreliable information
we were not able to quantify alcohol and drug intake.

Conclusions

Non-neurological complications occurred in 34% of
patients with TSCI in this study, and the most common
involved the respiratory tract and were pressure ulcers.
Early mobilization reduces complication rates [2–5],
reflected also in our data, showing a higher frequency of
complications among patients with less mobility due to
complete or cervical SCI. Complications prolonged LOS
and increased mortality. Higher age, upper TSCI level
(cervical, thoracal), and more severe TSCI increased the
frequency of complications. Concomitant TBI and alcohol/
drug consumption before the injury, as well as cervical
TSCI were associated with increased mortality. Risk
assessment and individual evaluation of patients with TSCI
are necessary to minimize complications and for optimal
use of available resources. Preventive management and
optimal treatment of complications together with no or low
alcohol/drug consumption could reduce TSCI mortality and
shorten LOS.
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