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Abstract
Background: Little is known about the possible impact of the system of care on mortality during the first
year after acute traumatic spinal cord injury (TSCI).

Objective: To evaluate late mortality (ie, .7 days after trauma) during the first year after acute TSCI in 2
European Union (EU) regions, Thessaloniki in Greece and Stockholm in Sweden.

Methods: This paper is part of the Stockholm Thessaloniki Acute Traumatic Spinal Cord Injury Study
(STATSCIS), which is a prospective, population-based study. Incidence cohorts of TSCI cases were identified
and followed up in both study regions through STATSCIS. Data from Thessaloniki region were collected
through physical examination, medical records review, and interviews with TSCI individuals and the medical
teams. Data from Stockholm were retrieved mainly from the Nordic Spinal Cord Injury Registry, as well as
from direct contact with all intensive care facilities of the region.

Results: The annual case mortality rate after acute TSCI was nearly 20% in Thessaloniki and 0% in
Stockholm. The mean time of survival after trauma for the 12 mortality cases of Thessaloniki was 47 days
(median 5 24, SD ± 67, range 5 8–228). Factors associated with mortality were higher age and presence of
comorbid spinal disorders but also the inefficient transfer logistics, initially missed spinal instability, and
unsuccessfully treated complications.

Conclusions: The annual case mortality rate in Thessaloniki was dramatically higher than in Stockholm.
The different approaches to care, one systematic and the other not, is postulated to be an important factor
leading to such major discrepancies between the outcomes of these 2 EU regions.
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INTRODUCTION

Mortality after acute traumatic spinal cord injury (TSCI)
has been assessed in several studies, mainly through a
retrospective approach. Evaluation of trauma-related
deaths has been widely used in evaluating the quality
of trauma systems (1–4). Mullins et al (4) suggested that
evaluating death as an outcome for hospitalized injured
patients could be framed using 3 criteria: (a) type and

severity of injury under study, (b) principal cause of death
recorded on the death certificate, and (c) duration of
follow up.

When considering TSCI mortality, exactly what is
under study must be clarified: death due to TSCI or
death with TSCI. Dying due to TSCI may involve (a) a
high cervical level lesion causing respiratory insufficien-
cy, (b) consequences of TSCI (eg, autonomic dysfunc-
tion), and (c) complications (eg, infections). On the
other hand, dying with TSCI may involve (a) the
presence of severe extraspinal injuries (eg, traumatic
brain injury), (b) concomitant vascular injuries with
excessive bleeding, and (c) the presence of severe
comorbidities. Surveillance and analysis of factors related
to mortality due to TSCI can be used to identify risk
factors associated with prehospital, in-hospital, and
outpatient management.
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Furthermore, depending on which time frame is
chosen, there are at least 4 different types of studied
mortality after TSCI.

(a) Prehospital mortality (5): Systematic autopsies on
all trauma cases are needed to adequately identify lesions
of the spinal cord, because many of such deaths occur
before any detailed clinical or radiologic examination is
carried out. Clear guidelines for microscopic identifica-
tion of TSCI would be necessary to assure specificity and
sensitivity of the TSCI diagnosis, because the presence of
spinal column injury alone is not adequate for inclusion.
Due to the retrospective character of such studies, police
reports, population-based trauma registries, death regis-
tries, and hospital records are important for case
identification.

(b) In-hospital mortality (6–9): Systematic autopsies
may be needed to identify cases with TSCI, because
many of such cases, especially patients dying early after
admission, are clinically concealed, for example, by coma
and the presence of traumatic brain injury. A clear
definition of what is defined as the in-hospital period and
exactly when it ends is necessary, especially when a
patient is treated in multiple health care facilities with a
varying degree of available services and resources. Using
such cut-off points as the end of acute care often seen in
studies from the USA makes it difficult for international
comparisons because of different criteria for, and timing
of, discharge (1).

(c) First-year post-trauma mortality (10–12): Such
studies focus on acute and postacute medical manage-
ment, as well as early postdischarge outcome. They are
usually restricted to mortality after hospital admission. It
has been suggested that setting the cut-off at a specific
time point after trauma (eg, 30 d after trauma) rather
than at ‘‘discharge’’ would increase the validity of
comparative studies (1).

(d) Long-term mortality (10,13–16): Typically, in
these types of studies, data are retrieved from large TSCI
registries, such as that of the Model Systems in the USA.
These types of studies are greatly facilitated by the
availability of national death registries and usually
exclude mortality within the first year after trauma.

The present study belongs to category (c) and
focuses on death occurring due to TSCI. Given the lack
of systematic forensic data in early fatal trauma cases in
Greece, we adopted a conservative strategy for defining
late mortality attributable to acute TSCI by only including
deaths occurring during the first year but at least 1 week
after trauma. Within this time frame, the contribution of
SCI and its consequences and complications associated
with death can be assessed more reliably.

This paper is part of a comparative study on TSCI in
Greece and Sweden known as the Stockholm Thessalo-
niki Acute Traumatic Spinal Cord Injury Study (STATS-
CIS). Its purpose is to evaluate prospectively the
demographic and clinical characteristics, clinical process,
and outcomes at 1 year after acute TSCI in a Northern

(Stockholm, Sweden) and Southern (Thessaloniki,
Greece) European Union region.

The 2 regions have radically different approaches to
TSCI care: one region takes a system approach (Stock-
holm) and the other a ‘‘nonsystem’’ approach (Thessa-
loniki). The system approach to care has been defined
during the last decades (17–20). This concept is mainly
process related. The Stockholm region is a representative
example of such a system with the following key features:
case management and coordination of clinical process;
specialization; centralization; long-term, planned follow
ups; processing of cases according to specific medical
and functional criteria. In contrast, a nonsystem ap-
proach, such as that of Thessaloniki, is haphazard and ad
hoc. When it comes to skills and resources, however,
both regions share the availability of modern diagnostic
and therapeutic equipment and techniques. Thus, a
comparison between these 2 regions provides an ideal
setting for evaluating the impact of the process compo-
nents, that is, the particular system of care.

The specific aim of this paper is to evaluate mortality
during the first year after trauma for the incidence
cohorts with TSCI in the greater Thessaloniki and
Stockholm regions.

MATERIALS AND METHODS

Inclusion Criteria
All of the following criteria had to be satisfied for
inclusion in STATSCIS: (a) acute TSCI or traumatic cauda
equina injury, (b) injury occurring during the first 12
months of the study period (September 2006–Septem-
ber 2007), (c) age 16 years or older at the time of injury,
(d) in-patient care in a hospital of the Thessaloniki or
Stockholm regions, (e) survival for at least 7 days after the
injury, (f) resident of the country of the respective region,
and (g) informed consent for the STATSCIS given by the
individual.

Settings and Case Identification
The greater Thessaloniki region (Thessaloniki) comprises
Central and West Macedonia in Northern Greece, and
the greater Stockholm region (Stockholm) comprises
Stockholm and Gotland Counties in central Sweden.
The 2 regions have a similar population size of
approximately 2 million, with Thessaloniki being about
3 times larger area wise than Stockholm.

Within the greater Thessaloniki region, out of a total
of 30 hospitals, 5 are at a tertiary level and thus, in
principle, able to handle acute TSCI. However, 1 of these
is a military hospital, unavailable to the public, and was
therefore not included in the surveillance system. Of the
secondary hospitals, the only 2 that could treat cases
with acute TSCI were included in the surveillance system.

Within the greater Stockholm region, there is a
comprehensive SCI system of care, consisting of 1
hospital-based spinal injury unit, 2 inpatient rehabilita-
tion centers, and 1 outpatient clinic for lifelong follow up.
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Acute TSCI cases in Thessaloniki were identified using
a comprehensive active surveillance system (21) de-
signed and implemented for the purposes of this study.
The main investigator (A.D.) maintained a weekly
personal contact with the 25 hospital wards of the 4
tertiary hospitals and regular telephone contact with the
4 wards of the 2 secondary level hospitals. All potential
cases were evaluated as they occurred in accordance
with the inclusion criteria of STATSCIS.

Acute TSCI cases in Stockholm were identified
through a passive surveillance system (21) using the
Nordic Spinal Cord Injury Registry since it includes all
cases treated in the Stockholm SCI system of care.
Additionally, an active surveillance component was
added by contacting all intensive care units in the region
that did not typically treat TSCI. This type of design was
chosen because although the regional SCI system of care
is highly centralized, severe multitrauma cases may
occasionally receive acute treatment in other hospitals.
Thus, a letter of inquiry was sent to all 7 intensive care
units in the region; the units were asked whether they
had hospitalized anyone with acute TSCI who had died
during the study period.

Data Collection and Analysis
Data were obtained by physical examination before
death. The International Standards for the Neurological
Classification of SCI were applied; medical records,
including death certificates, were reviewed; and there
was personal communication with the attending physi-
cians and staff and with a first-degree relative. Use of
multiple sources of information was necessary, because,
as also reported elsewhere (22), death certificates in
Greece are typically too unspecific by themselves to allow
for clarification of the course of events leading to death.
Consequently, in accordance with suggested practice in
injury surveillance (23), the information obtained by the
official death certificate was supplemented by data from
medical records. All authors (3 of whom specialize in
neurology and/or rehabilitation medicine and 1 of whom
is a registered nurse) reviewed the death certificates and
medical records. Four of the authors have doctoral
degrees in clinical SCI research and more than 20 years
of clinical experience in SCI.

For the purpose of this study, only the incidence
cases (ie, sustaining their injury from September 2006
through September 2007) were considered, whereas
remaining STATSCIS cases injured outside of this time-
frame were not included in the analyses. Thus, 64 cases
in Thessaloniki and 32 cases in Stockholm were checked
with regard to survival on a weekly basis during the first
year after trauma. Nordic Spinal Cord Injury Registry
(www.nscic.se) forms were used on admission and at 1
year after trauma. Clinical neurologic examination,
including assessment according to the International
Standards for the Neurological Classification of SCI, was
performed in all cases. In Thessaloniki, the main

investigator (A.D.) performed all such examinations that
provided data for the present study. This strategy was
followed because the International Standards for the
Neurological Classification of SCI evaluation was not
universally utilized in Greece. The main investigator has 8
years of clinical experience in SCI, has participated in an
official workshop on the International Standards for the
Neurological Classification of SCI, and has been using
this assessment method for several years. Physicians and
physiotherapists specialized in SCI performed the corre-
sponding examinations in Stockholm. Clinical diagnosis
of TSCI was confirmed by neuroimaging studies in all
cases in both regions. Overall, for those 6 cases in
Thessaloniki and 4 cases in Stockholm, in which a full
classification according to ASIA on admission was
prohibited by severe extraspinal injuries or injury occur-
ring abroad, we could establish the neurologic level and
whether the lesion was complete or incomplete based on
the medical records.

In addition to the quantitative methods described
above, we used the richer data source of the total
medical records to create the clinical vignettes presented
in Appendix 1. The case reports are intended to
qualitatively clarify some uncontrolled variations in care
provision, which most likely contributed to mortality.

With regard to ‘‘initially missed spinal instability,’’ we
adopted the definition given by Clarke et al (24), who
defined a ‘‘missed injury’’ as an injury that escaped
detection during the primary and secondary survey (pre-
hospital evaluation and management) and initial investi-
gation (on arrival at hospital evaluation) or during
operative exploration.

Quality assurance was performed in both regions,
that is, by cross-checking data in the registry forms with
medical records, in order to maximize validity and
minimize missing data. All retrieved data were jointly
reevaluated in detail by the authors for the purposes of
medical accuracy and uniform interpretation as they relate
to extra-spinal injuries and any secondary morbidity.

Statistical Analysis
Descriptive data are presented as n (%), mean, SD,
median, and interquartile range (IQR). Statistical signif-
icance was set at P , 0.05. Differences in proportions
between regions were examined by chi-square test and
Fisher exact test. Statistical mean differences between
regions were determined by independent Student’s t
test. In cases of non-normal distribution, the Mann-
Whitney U test was used. All statistical analyses were
performed with SPSS version 16.0 software.

Ethics
Ethical approvals for STATSCIS were obtained by the
Human Ethics Committee at Karolinska Institutet, the
Hellenic Data Protection Authority, the Nordic SCI
Council, the Scientific Committee, and the Board of
each participating hospital in Thessaloniki. Informed
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Table 1. Characteristics of the Stockholm Thessaloniki Acute Traumatic Spinal Cord Injury Study Incidence Cohorts
(Consented Cases)

Thessaloniki (n 5 61) Stockholm (n 5 30)

P valuen % n %

Clinical Characteristics on Admission

Level of consciousnessa 0.407

Normal 46 75 19 63

Impaired 7 12 4 13

Unconscious 3 5 1 3

Missing 5 8 6 20

Extraspinal injuries (present) 30 49 13 43 0.599

Extraspinal injuries (severity)b 0.813

Mild 12 40 4 31

Serious 11 37 6 46

Life-threatening 7 23 3 23

Extraspinal Injuries (Topography)

Skull 13 21 3 10 0.247

Thorax 16 26 8 27 1.000

Pelvis 4 7 2 7 1.000

Comorbid spinal disorder (present)c 24 39 6 20 0.096

Spinal stenosis 11 18 4 13 0.766

Morbus Bechterew 3 5 1 3 1.000

Degenerative spinal disease 14 23 0 0 0.004

Premorbid Nonspinal Disorderd

Arteriosclerotic disease 9 15 4 13 1.000

Major psychiatric disorder 3 5 1 3 1.000

Substance abuse 2 3 3 10 0.327

Neurologic Status on Admission

Neurologic category 0.550

Cervical (C1–C8) 28 46 14 47

Thoracic (T1–T12) 26 41 12 40

Lumbo-sacral (L-S) 7 12 3 10

Missing 0 0 1 3

ASIA impairment scale 0.853

A 23 38 13 43

B 1 2 1 3

C 11 18 3 10

D 21 34 10 33

Missing 5 8 3 10

Acute Key Therapeutic Interventions

Spinal surgery performed 47 77 29 97 0.017

Mechanical ventilation 28 46 8 27 0.078

Tracheostomy 21 34 5 17 0.078

Corticosteroid treatmente 39 64 19 68 0.718
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consent was necessary for inclusion in STATSCIS, even for
the fatalities, and was given, according to the initial plan,
either by the TSCI individual or by a first-degree relative.

RESULTS

Overall, 12 of the 64 cases in Thessaloniki and none of
the 32 cases in Stockholm died during the first year after
trauma. Further confirmation of the absence of deaths in
Stockholm was provided by the negative responses
received from all intensive care units. The 1-year case
mortality rate was 18.8% in Thessaloniki and 0% in
Stockholm, showing a significant difference of P 5 0.007.
Inclusion in STATSCIS was denied for 3 cases in
Thessaloniki, 2 of which subsequently died, and for 2
cases in Stockholm.

Table 1 summarizes the key characteristics of the 2
STATSCIS incidence cohorts of consented cases. As can
be seen from the table, the 2 groups were very similar on
admission but nevertheless received rather different
acute key therapeutic interventions.

Overview characteristics of the 10 consented mor-
tality cases, all of which occurred in Thessaloniki, can be
found in Table 2 and show the age at injury to range
from 25 to 80 years with a mean of 62 years (median 5

70, SD ± 21). There were 9 men and 1 woman; 5 had
sustained transportation-related injuries, 4 had fall-
related injuries, and 1 had an assault-related injury. All
but 1 case were initially transferred to smaller regional
hospitals before being transferred to a tertiary level
hospital.

With regard to the neurologic category of the lesion,
6 had cervical lesions, 3 had thoracic, and 1 had no initial
neurologic lesion after trauma but did later develop C3
tetraplegia due to missed spinal column instability (Case
II in Appendix 1). Four cases deteriorated neurologically
during prehospital and/or during early in-hospital man-
agement. On first examination, 6 were found with
complete lesions, 3 were found with incomplete lesions,

and 1 was without any reported neurologic signs. The 3
initially incomplete lesions later progressed to complete,
and the case without any initial neurologic signs
subsequently progressed to an incomplete lesion.

Half of the cases had no extraspinal injuries, 3 had
mild injuries, and 2 had serious such lesions. All cases
were reported to be conscious on initial admission (or
before intubation, if intubated during the prehospital
phase) with a Glasgow Coma Scale score of 15. Seven of
10 cases had comorbid spinal disorders, with spinal
stenosis being the most frequently seen, and 4 had at
least 1 premorbid, nonspinal disorder.

Initially missed spinal instability was recorded in at
least 3 cases, all of which had initially been admitted to a
local hospital. Spinal surgery was offered to 7 of 10 cases,
1 out of which refused to be operated.

Mean time of survival after trauma was 47 days
(median 5 24, SD ± 67, range 5 8–228). In 8 cases,
death was attributed to infections; in 1 case, it was
attributed to autonomic dysfunction and in another to
unspecified TSCI-related reasons.

As shown in Table 3, such factors as higher age and
the presence of comorbid spinal disorders were signifi-
cantly associated with the mortality cases compared with
those who survived in Thessaloniki. Appendix 1 presents
case reports of 3 illustrative mortality cases in Thessalo-
niki, including ‘‘inefficient transfer logistics’’ in case I,
‘‘initially missed spinal instability’’ in case II, and
‘‘unsuccessfully treated complications’’ in case III.

DISCUSSION

In the present study, the 1-year case mortality rate of
individuals with acute TSCI who had survived the first
week after trauma was nearly 20% in Thessaloniki and 0%
in Stockholm. Both incidence cohorts and the total
STATSCIS cohorts were fairly similar in their demographic
profiles (21) (eg, age, gender, marital status, living
conditions, vocational situation), as well as core clinical

Table 1. Continued

Thessaloniki (n 5 61) Stockholm (n 5 30)

P valuen % n %

Anticoagulant prophylaxis 61 100 29 97 0.330

Interval (in d) between trauma and spinal surgery

[mean (SD) median (IQR)] 12 (29) 4 (1–8) 2 (2) 1 (1–3) 0.006

IQR, interquartile range.
a Normal, Glasgow Coma Scale (GCS) 5 15; impaired, 14 � GCS � 9; unconscious, GCS � 8.
b Mild, unlikely to affect early mortality (eg, distal limb fractures); serious, likely to affect early mortality if not properly treated (eg,
pneumothorax, hemothorax); life-threatening, likely to affect early mortality regardless of spinal cord injury, even if properly treated
(eg, traumatic brain injury, excessive bleeding).
c Disorder of the spine that contributed to the occurrence or the extent of spinal cord injury (eg, spinal stenosis, ankylosing
spondylitis).
d Pre-existing disorder that either directly contributed to the trauma or potentially negatively affected the general outcome.
e We documented whether such treatment was initiated but not the scheme of treatment (time point of initiation, dosage, duration).
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characteristics on admission (eg, neurologic level, com-
pleteness of lesion, ASIA total motor score, ASIA
impairment scale grading, presence and severity of
extraspinal injuries, level of consciousness, presence of
premorbid spinal diseases) (25). The most obvious
potential reason for varying mortality is a difference in
early management, and this was indeed the case (eg,
more and longer in duration interhospital transfers from
the scene of trauma to a tertiary level hospital, more
frequent invasive respiratory treatment, less frequent and
more delayed spinal surgery in Thessaloniki than in
Stockholm) (25). Additional factors to be analyzed as to
their potential correlation with fatal outcome are
presented in this paper.

Over time, most likely due to the advance of
prehospital management, there has been a decrease in
prehospital and a relative increase in in-hospital trauma
mortality (26). With regard to acute TSCI, there are very
few studies examining the early temporal distribution of
mortality. In a retrospective study on acute TSCI from
Portugal, Fernando Martins et al (5) reported that 40% of
398 consecutive acute TSCI cases had died during the
first week after trauma. We could assume that several of
these cases died with and not due to a TSCI.

As has been shown previously by others (26), pre-
and early in-hospital deaths (occurring during the first
week after trauma) were significantly associated with
more severe injuries, compared with late in-hospital
deaths. Furthermore, as reported by the Liverpool
Hospital Trauma Death Peer Review Committee (27), a
greater proportion of potentially avoidable trauma
deaths occurred after and not during the first week of
admission. Considering our inclusion criteria, and espe-
cially the 7-day survival cut-off, we could assume that the
most severely injured who died were excluded from this
study. Hence, by imposing such a time frame, survival for
the included cases could perhaps be seen as an
‘‘expected’’ outcome and death as an adverse event.

Precise comparisons with other studies are hampered
by methodologic differences that greatly affect the
estimated mortality rates. In the population-based study
from Portugal, 26% of those with acute TSCI who had
survived the first week after trauma died during the
following months (5). Other studies reported in-hospital
mortality rates after acute TSCI to be 5.7% to 8% in
Canada (6,8,28), 8.6% in Germany (7), and 11.9% in
Teresina/Brazil (9). The 1-year TSCI mortality rate was
reported to be 5.8% in Australia (11) and 3.6% in the US
Model Spinal Cord Injury System (10). A more recent
study from the US Model Spinal Cord Injury System
revealed a 40% decline in mortality during the first 2
years after trauma since the 1970s (28).

In Thessaloniki, mortality was significantly associated
with higher age and presence of comorbid spinal
disorders. DeVivo et al (12) reported that ventilatory
status, age, Frankel grade, and injury level were the
strongest predictors of mortality during the first year after

TSCI. Similarly, a recent study by Furlan et al (29)
reported that older age, relevant pre-existing medical
conditions, and motor complete SCI were major risk
factors for in-hospital death after acute SCI. In the
present study, although we could see a tendency
towards association of cervical spinal injury and neuro-
logically complete lesion with mortality, this failed to
reach statistical significance due to the small sample size.

In the present study, unsuccessfully treated respira-
tory and/or urinary tract infections leading to sepsis and
cardiopulmonary insufficiency were a common terminal
sequence leading to death. Case III in Appendix 1 is one
example. Sepsis was overall associated with 6 of the cases
and pneumonia with 5. Such findings agree with other
studies on late mortality after TSCI (6,7,9,10,12). The
retrospective population-based study from Ontario,
Canada, attributed death either directly to SCI or to
associated head trauma and sepsis (6). In both studies
from Germany (7) and Brazil (9), pulmonary and cardiac
insufficiencies in addition to sepsis were the main causes
of death. In the large retrospective study from the US
Model Spinal Cord Injury System, DeVivo et al (12),
examining a cohort of 28,239 individuals who had
survived 24 hours after acute TSCI, reported that
respiratory and heart-related causes jointly accounted
for more than half of deaths that occurred during the first
year after trauma. Autonomic dysfunction was only
conclusively associated with the death of one person in
our study. However, it is possible and also to be expected
to have contributed to a fatal outcome in some more
cases with high lesions.

Initially missed spinal instability could be recorded in
at least 3 of the fatalities in Thessaloniki, all of them
initially transferred to a local hospital. Case II in Appendix
1 is an illustrative example. Poonnoose et al (30) reported
that correct diagnosis was initially missed in 52 (9.1%) of
569 TSCI patients in their study, with 6 of these cases
ultimately dying. The authors reported different factors
contributing to missed cases: circumstances surrounding
the injury (eg, high energy impact, influence of drugs
and alcohol), inadequate neurologic assessment, associ-
ated injuries, and radiographic errors (30).

In the present study, in the absence of a SCI system of
care in Greece, long and/or repeated interfacility transfers
of patients occurred very early after trauma in several
cases, often in the presence of hemodynamic and spinal
instability. Some instances were associated with further
neurologic deterioration, possibly contributing to a fatal
outcome. As Case I in Appendix 1 illustrates clearly,
multiple interfacility transfers may occur throughout the
first year because there is no designated facility to manage
TSCI. Tator et al (8) reported a significant decrease in
mortality rates after acute TSCI when the treatment was
provided in a spinal injury unit as opposed to a general
ward. Furthermore, DeVivo reported that acute TSCI cases
admitted early to a spinal injury unit had greater chances
for survival than those admitted at a later stage (31).
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The rather small sample size and the design of this
study by necessity impose some limitations with regard
to the ability to conclusively show all interacting factors
ultimately leading to a higher mortality rate in Thessa-
loniki. Nevertheless, the study has been able to display a
number of severe drawbacks related to a nonsystem
approach, even in the presence of contemporary medical
resources. Although the inability to obtain reliable data
on 1-week mortality rates could theoretically conceal a
scenario of higher mortality in Stockholm than in
Thessaloniki during this period, we believe that such a
scenario has no clinical plausibility. Therefore, the 7-day
cut-off should rather be seen as a methodologic strength
of STATSCIS than a limitation, given the explorative and
innovative nature of the study.

CONCLUSIONS

The present study reports a dramatically higher case
mortality rate due to TSCI in Thessaloniki than in
Stockholm, despite the 2 study groups’ appearing largely
similar in their demographic and core clinical character-
istics on admission. Within the Thessaloniki cases, higher
age and presence of comorbid spinal disorders were
associated with mortality, because these cases usually are
more vulnerable to a nonsystem approach. Factors that
apparently affected mortality include inefficient transfer
logistics, initially missed spinal instability, and unsuccess-
fully treated complications. Overall, the differing ap-
proaches to managing TSCI, one systematic and the
other not, could be seen as the leading factor in such
major discrepancies in mortality after acute TSCI be-
tween these 2 European Union regions.
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APPENDIX 1: REPORTS OF THREE MORTALITY
CASES IN THESSALONIKI

CASE I Inefficient transfer logistics
A 25-year-old man with a history of substance abuse was
injured as a front-seat passenger in a single car crash. He
was then transported to the emergency department (ED)
of a local hospital (A). After a 2.5-hour drive, the patient
was transported by ambulance to the ED of a tertiary
level hospital (B).
Investigations
Physical examination revealed a Glasgow Coma Scale of
15 and a C5 complete tetraplegia. Computed tomo-
graphic scans of the brain, thorax, and abdomen showed
no pathologic signs, whereas magnetic resonance
imaging examination of the cervical spine showed a
C5–C6 posterior dislocation and a C6 vertebral fracture
with a corresponding spinal cord edema.
Course of Hospitalization
On the first day post trauma (DPT), the patient
underwent C5–C6 fusion and thereafter was transferred
to the intensive care unit (ICU) due to hemodynamic
instability. Corticosteroid treatment was not provided.
On the second DPT, efforts at extubation failed due to
hypoxemia, paradoxic breathing, and poor compliance,
and the patient was reintubated. During the third DPT,
the patient showed signs of hypoventilation of the left
lower lobe and bradycardia. On the eighth DPT, the
patient developed high fever, and a chest radiograph
confirmed pneumonia, which was treated accordingly.
On the 14th DPT, the patient underwent tracheostomy.
On the 19th DPT, transient tachycardia and tachypnea
were observed. By the 23rd DPT, sedatives were
reduced and the patient was hemodynamically stable
with satisfactory diuresis. On the 24th DPT, the patient
appeared septic and hemodynamically unstable and
was successfully treated. During the following weeks,
the patient had recurrent urinary tract infections, which
led to the replacement of the indwelling catheter by a
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suprapubic one. Up to the 50th DPT in ICU, several
instances of hemodynamic instability occurred, one of
which resulted in cardiac arrest. On the 50th DPT, the
patient was transferred to the ICU of a smaller regional
hospital (C). On the 63rd DPT, he was transferred to a
regional rehabilitation center (D) while still on mechan-
ical ventilation. On 74th DPT, he was urgently
transferred to another regional hospital (E), where after
staying for 10 days, he was readmitted to the regional
rehabilitation center (D). On the 94th DPT, he was
transferred to a university hospital (F) with urinary tract
and respiratory infections, as well as severe ischial
pressure sores. On the 151st DPT, the patient was
transferred to the regional rehabilitation center (D).
Subsequently, he was urgently transferred 3 times and
spent short periods in the regional hospital (E) because
of cardiac arrhythmias, likely due to autonomic dysre-
flexia. During his last stay at the regional hospital (E) on
the 228th DPT, he died while being prepared to return
to the rehabilitation center.
Cause of Death
Cardiac arrhythmias, hemodynamic instability, and pos-
sible recurrent episodes of autonomic dysreflexia, leading
to death.
Comment
This patient had C5 complete tetraplegia with prominent
cardiac and hemodynamic instability. From time of
trauma until time of death, the patient was transferred
between 6 facilities. He would have benefited from
specialized and comprehensive treatment in one center.

CASE II Initially missed spinal instability
An 80-year-old man with chronic cervical and lumbar
radiculopathy was injured as a car driver in a car crash
and transported to a local hospital.
Investigations
Physical examination at the time of admission revealed a
Glasgow Coma Scale of 15, and the patient reported
dizziness and neck pain but had no neurologic, ortho-
pedic, or respiratory findings. A computed tomographic
scan of the brain showed some atrophy but no other
pathologic signs. A computed tomographic scan of the
cervical spine showed degenerative changes and
straightening of the cervical lordosis, without any signs
of fracture. On the first day post trauma (DPT), the
patient was discharged home with a collar and
scheduled for a follow-up outpatient examination a
few days later. On the fourth DPT, the follow-up
physical examination was normal, so the collar was
removed and he was sent home. On the seventh DPT,
the patient experienced a spell of dizziness while sitting
on the toilet. He remained at home, and on the ninth
DPT, he manifested gradual deterioration with weakness
of the lower limbs and neck pain. On the 11th DPT, he
was transferred to the tertiary hospital by ambulance.
On admission, his upper limbs felt normal sensations

and exhibited ‘‘next to normal’’ strength. Lower limb
strength was three fifths and four fifths in all of the key
muscles, and sensory impairment was present. Spine
radiographs confirmed previous findings. A Philadelphia
collar was placed, and the patient was then admitted to
a neurosurgical ward.
Course of Hospitalization
On the same day, the patient manifested further
deterioration in terms of sensorimotor function of the
lower limbs. Corticosteroid treatment was then initiated,
and a urethral catheter was placed. On the 12th DPT, a
magnetic resonance image of the cervical spine showed
spinal cord compression by a C6–C7 dislocation, as well
as by a posterior osteophyte at the C7 level. Immediately
after the examination, the patient reported further
deterioration, and an evaluation showed C3 AISA C
tetraplegia. The patient refused surgery. On the 15th
DPT, the patient insisted on being discharged home,
where he died on the 21st DPT.
Cause of Death
Unspecified, TSCI related. No death certificate available.
Comment
Neurologic deterioration was due to an initially undisclosed
unstable lesion of the cervical spine. Because the patient
declined surgical treatment and decided to return home
with an untreated unstable lesion, further deterioration is
likely to have occurred and might by itself have constituted
the cause of death. The lesion remained undetected
through several evaluations including computed tomo-
graphic scans. The delay in diagnosis led to neurological
deterioration, which is something that may have contrib-
uted to a fatal outcome. Initial correct diagnosis would
likely have occurred in a specialized facility.

CASE III Complications from unsuccessful
treatments
A 27-year-old woman with severe obesity and insulin-
dependent diabetes mellitus was transferred to the
emergency department of a tertiary hospital after being
injured as a front-seat passenger in a high-speed single
car crash.
Investigations
Physical examination at the time of admission revealed a
Glasgow Coma Scale of 15 and the presence of complete
T10 paraplegia. Radiologic examination showed a T10
fracture dislocation, fractures of several ribs, hemopneu-
mothorax, and mild liver contusions.
Course of Hospitalization
On the first day post trauma (DPT), Bülau drainage was
placed and the patient underwent T10–T11 laminecto-
my and T9-L2 fusion. She was then admitted to the
intensive care unit. On the second DPT, she was
extubated, with a good saturation level and diuresis,
and was transferred to a neurosurgery ward. On the
seventh DPT, further Bülau drainage was placed due to
dyspnea. Initial respiratory symptoms ceased until the
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eighth DPT, when she also experienced chest pain,
oxygen desaturation, and fever. On the 10th DPT, she
was readmitted to the intensive care unit with respira-
tory insufficiency, which was treated with hemodynam-
ics and oxygen supply. On the 13th DPT, she was
readmitted to the neurosurgery ward. On the 28th DPT,
after a severe bradycardic episode combined with low
oxygen saturation levels, she was urgently intubated
and treated with adrenaline. On the 29th DPT, she was
extubated with a Glasgow Coma Scale of 15 and good
breathing pattern. On the 32nd DPT, she was reintu-
bated due to tachypnea, hypoxemia, respiratory fatigue,
inability to cough, and atelectasis. She showed signs of
progressive deterioration of kidney function, and hemo-
dialysis treatment was initiated. On the 36th DPT, she
underwent tracheostomy, and by the 39th DPT, she had
a satisfactory general condition on biphasic intermittent
positive airway pressure ventilation but was febrile. On
the 51st DPT, ventilator-associated pneumonia was
diagnosed, and she was put under heavier sedation to

improve mechanical ventilation. On the 63rd DPT, while
under sedation and mechanical ventilation, she had a
septic episode. On the 73rd DPT, she had another septic
episode followed by hemodynamic unstability and
severe deterioration of respiratory capacity; thereafter,
she was hypoxemic and hemodynamically instable. On
the 80th DPT, she died from polyorganic failure due to
sepsis.
Cause of Death
Respiratory insufficiency, leading to pneumonia, leading
to sepsis.
Comment
Although this patient was young and had low-level
paraplegia, her risk for respiratory complications was
high due to the combination of thoracic injuries, severe
obesity, and diabetes. One major factor likely to have
contributed to the ultimately fatal outcome was a lack of
proactive preventative measures (eg, early mobilization)
in combination with the lack of defined clinical protocols
for management of respiratory complications.
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