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STUDY DESIGN: This is a retrospective study.

OBJECTIVES: To analyze the causes and risk factors of mortality in people admitted with complete acute traumatic spinal cord
injury (ATSCI).

SETTING: The study was performed at the Indian Spinal Injuries Centre, New Delhi.

METHODS: Data between 2000 and 2016 were retrospectively collected from case records of people with ATSCI. Risk factors for
mortality were examined using multivariable logistic regression.

RESULTS: Mortality rate in ATSCI admissions (n = 758) during the study period was 10%. Median (IQR) age of study participants was
34 (21) years with a range of 14-85 years. Respiratory complications, septicemia, and cardiovascular causes were responsible for
42%, 28, and 18% of deaths. Mortality rate in people with paraplegia and tetraplegia was 3% and 22%, respectively. The proportion
surviving at 6 weeks was significantly different across people with paraplegia and people with high and low tetraplegia (p < 0.001).
Greater age (OR (multivariable models) = 1.03, 95% Cl = 1.01-1.06), associated injuries (OR = 2.42, 95% Cl = 1.11-5.27), high
tetraplegia (OR =5.09, 95% Cl =2.21-11.72), low tetraplegia (OR = 4.84, 95% Cl = 1.29-18.09), need for ventilator support (OR =
31.32, 95% Cl = 14.92-65.35), septicemia (OR = 4.60, 95% Cl = 1.05-20.07), respiratory complications (OR = 3.46, 95% Cl =
1.63-7.33), and cardiovascular causes (OR = 39.03, 95% Cl = 8.29-183.89) were significant risk factors associated with mortality.
CONCLUSION: Respiratory complications, septicemia, and cardiovascular causes were the commonest causes of in-hospital
mortality in people with complete ATSCI. Greater age, presence of associated injuries, tetraplegia, and ventilator support were risk
factors significantly associated with mortality. To reduce morbidity and mortality in the acute phase, there is a need to focus on

respiratory management and prevention of infections, especially in tetraplegics.
Spinal Cord (2022) 60:210-215; https://doi.org/10.1038/s41393-021-00657-x

INTRODUCTION

People with spinal cord injuries (SCI) have a high risk of mortality [1]
with studies documenting in-hospital mortality rates varying from 4
to 18% [2-6] in acute traumatic spinal cord injury (ATSCI). Even
though the mortality rate during the initial days of hospitalization
after ATSCI has gradually decreased with improvement in the acute
care management systems [7], it still continues to be quite high in
low- and middle-income countries (LMIC). According to a study by
Chamberlain et al. [8], the combined in-hospital mortality in LMIC
was nearly thrice that of high-income countries.

There have been no large retrospective or prospective studies
on the causes of in-hospital mortality in ATSCI people. Reported
principal causes of in-hospital death include respiratory dysfunc-
tion (36-83%) [7, 9-12] and cardiovascular disorders (41%) [13].
Pulmonary complications account for 80% of acute in-hospital
mortality in people with tetraplegia [7]. Selassie et al. [6]
documented a significant death rate within 120 days of ATSCI
but did not document the causes of death. A study from India

reported 48% of deaths within a week after sustaining the injury
and 52% of deaths beyond a week [14]. This study included cases
having isolated spine injuries and spinal injuries with associated
trauma. However, the study focused more on the demographic
profile of these people and timing of death since injury. Though
causes of death and risk factors have been mentioned, they have
not been discussed and analyzed appropriately. In a study by
Hossain et al. studying 2-year survival following discharge from
hospital after SCl in Bangladesh, causes of death prior to discharge
in 21 people with ATSCI (respiratory: 62%, pressure ulcer: 19%,
unknown: 19%) have been mentioned [15]. However, no other
details have been provided.

Several factors influence mortality in ATSCI [14, 16, 17]. How-
ever, few research studies have investigated the risk factors of
mortality [1, 5, 10, 17]. Important risk factors recognized by
different studies on in-hospital mortality after ATSCI include
advancing age, level of injury, type of injury, comorbidities, severe
systemic injuries [17], complications such as venous
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thromboembolism [17-19], and the hospital providing the acute
care [6]. Promptly detecting the risk factors is critical to improve
acute survival rates.

In India, limited information is available on demographics of SCl
[19] and there is hardly any published literature on in-hospital
mortality rates [5, 14]. In fact, globally also information on in-hospital
mortality in people with ATSCl is sparse and data are available mainly
on long-term mortality [5]. The purpose of this study was to analyze
the causes of in-hospital mortality as well as the associated risk
factors in people with ATSCI at Indian Spinal Injuries Centre (ISIC).

METHODS

The study was performed at ISIC, a tertiary center in New Delhi, India, after
approval from Institutional Research Review and Ethics Committees. People
with ATSCI (with injury-admission interval <30 days) [8] with complete injury
(American Impairment Scale (AIS) A as per International Standards of
Neurological Classification of Spinal Cord Injury) who completed the
comprehensive acute management were included in the study. Patients
admitted beyond 30 days of their injury, re-admitted within 30 days of their
injury, AIS B, C, D patients, and those who self-discharged early on without
completing the comprehensive management were excluded. Data were
retrospectively reviewed from 2748 medical records of people with SCI
treated at the ISIC between 2000 and 2016. Of these, 758 were identified as
people with ATSCI fulfilling the inclusion criteria. Information extracted from
the medical records included demographic data (age, gender, mode of injury,
dates of injury/admission/in-hospital death), injury-related data, associated
injuries (head injury, chest/abdominal injuries, pelvic/limb injuries), vertebral
level, neurological status (grouped into high (C1-C4)/low (C5-C8) tetraplegia
and paraplegia), and length of hospital stay. Follow-up was only during the
period of hospitalization required for comprehensive management or until in-
hospital death of people with ATSCI. Some other factors considered were
number of direct (transferred from the site) or indirect admissions (transferred
from other hospital), comorbidities (hypertension, history of chronic
alcoholism, smoking, diabetes, bronchial asthma, coronary artery disease,
cerebrovascular accident), complications (respiratory, pressure ulcers, deep
vein thrombosis (DVT), urinary tract infection), ventilator dependency, and
type of management (surgical/conservative) of the spinal injury. Comorbid-
ities, complications, associated injuries, and causes of death were classified
and defined as per International Classification of Diseases, 10th Revision [20]
(see Supplementary Appendix 1 for list, definitions, and codes) and depicted
in Supplementary Table S1. Also depicted are injury-admission interval table
(Supplementary Table S2) and figure (Supplementary Fig. S1), a table on year-
wise mortality presentation of data (Supplementary Table S3), studies looking
into rate, causes, and predictors/risks of mortality within 1 year of spinal injury
(Supplementary Table S4), and Cox proportional-hazard analysis adjusted for
age and injury prior to the hospital admission showing risk factors with
mortality rate at different time points (Supplementary Table S6).

Statistical analysis

Descriptive statistics for demographic variables were presented including
graphical representation of mortality across people with paraplegia and
tetraplegia. This was done using reverse Kaplan-Meier curves. The
proportion surviving was compared across level of injury using x> test. A
p value less than 0.05 was considered to be statistically significant. The
relationship between in-hospital mortality and mode of management as
well as various risk factors including the mentioned comorbidities,
associated injuries, age, gender, neurological status, and ventilator support
was examined using univariate and multiple logistic regression. Variable
selection for the model was done by using step-wise regression method.
Odds ratio, with 95% confidence interval (Cl), C statistics, and p value were
presented in the final model. Concordance statistics is a measure of
goodness of fit and is equal to the area under a receive operating
characteristic curve for binary outcomes in a logistic regression model. Cox
proportional-hazards regression analysis was used to relate several risk
factors or exposures, considered simultaneously with survival time. Data
analyses relied on SPSS version 23.0 software.

RESULTS
During the 16-year period (2000-2016) of the study, 758 people
with ATSCl were hospitalized. Amongst these, 39% (294) were
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Table 1. Characteristics of persons with ATSCI.

Variables Total, n (%) Survived, Deceased,
n (%) n (%)

Total patients 758 (100) 679 (90) 79 (10)

Age, median (range) 34 (14-80) 32 (14-80) 48 (14-80)

Gender

Males 679 (85) 581 (86) 65 (10)

Females 112 (15) 98 (88) 14 (13)

Mode of injury

Road traffic accident 334 (44) 299 (69) 35 (11)

Fall from height 274 (36) 248 (91) 26 (10)

Others 150 (20) 132 (88) 18 (12)

Neurological level of injury

Cervical 1-4 (high 46 (6) 36 (78) 10 (22)

tetraplegia)

Cervical 5-8 (low 248 (33) 194 (78) 54 (22)

tetraplegia)

Thoracic/lumbar 464 (61) 449 (97) 15 (3)

(paraplegia)

Comorbidities

Hypertension 31 (4) 25 (4) 6 (8)

Diabetes mellitus 25 (3) 19 (3) 6 (8)

Smoking 11 (1) 11 (2) 0 (0)

Alcohol 12 (2) 10 (1) 2(3)

Ankylosing 7 (1) 7 (1) 0 (0)

spondylitis

Anemia 4(1) 2 (0) 2(3)

Histor)_/ of previous 7 (1) 7 (1) 0 (0)

surgeries

Asthma 5 (1) 3 (0) 2 (3)

Epilepsy 5(1) 5(1) 0 (0)

Thyroid 3 (0) 3 (0) 0 (0)

Osteoporosis 2 (0) 2 (0) 0 (0)

Miscellaneous 9 (1) 9 (1) 0 (0)

Complications

Cardiovascular 9 (1) 5(1) 4 (5)

Respiratory 96 (13) 67 (10) 29 (37)

Pressure ulcer 41 (5) 38 (6) 3 (4)

Deep vein 11 (1) 10 (1) 1(1)

thrombosis

Urinary tract 11 (1) 11 (2) 0 (0)

infection

Septicemia 32 (4) 14 (2) 18 (23)

Type of management

Surgical 562 (74) 519 (92) 43 (7)

Conservative 196 (26) 160 (82) 36 (18)

Duration of stay

Median (range) 40 (0-535) 43 (0-535) 16 (0-203)

Associated injuries 185 (24) 155 (84) 30 (16)

(present)

Ventilator 99 (13) 39 (39) 60 (61)

dependency

tetraplegia, whereas 61% (464) were people with paraplegia.
Table 1 summarizes demographic and clinical characteristics of
study participants. A total of 85% (679) were males. Of the total
ATSCI admissions, 10% (79) died while in hospital. Out of those
who died, 82% were male and 81% were people with tetraplegia.
Mortality rates in people with paraplegia and tetraplegia were 3%
and 22%, respectively (Table 1). Median follow-up time and overall
survival is depicted in Kaplan-Meier curve with number at risk
(Fig. 1a) and reverse Kaplan—Meier curve (Fig. 1b). Median follow-
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Follow-up time (Days)

Person with SClI were divided into three categories high tetraplegia, low tetraplegia, and paraplegia. a, b Kaplan-Meier curve and

reverse Kaplan—-Meier curve depicting mortality across high tetraplegia, low tetraplegia, and paraplegia. Median follow up and six-week

overall survival were significantly different among the three groups.

up time was 54 days (95% Cl: 37-70) for people with high
tetraplegia, 53 days (95% Cl: 43-63) for people with low
tetraplegia, and 43 days (95% Cl: 38-49) for people with
paraplegia.

Six-week overall survival was significantly different among the
three groups (p value <0.001), i.e, 58% in people with high
tetraplegia, 91% in people with low tetraplegia, and 99% in people
with paraplegia (Fig. 1a).

Risk factors and causes of death

Several significant factors that predict the risk of mortality in
people with ATSCI as recognized by univariate logistic regression
analysis are presented in Supplementary Table S5. With univariate
analysis, which shows age (OR (95% Cl)=1.05 (1.03-1.06)),
neurological level of injury, i.e., high tetraplegia (OR (95% CI) =
833 (4.64-1494)), low tetraplegia (OR (95% Cl)=28.31
(3.49-19.83)) considering paraplegia as a reference, associated
injuries (OR (95% Cl) = 2.07 (1.27-3.37)) considering no associated
injury as a reference, complications (OR (95% Cl)=5.66
(3.48-9.20)) considering no complications as a reference, type of
management (OR (95% Cl) = 2.72 (1.69-4.38)) considering surgery
as a reference, cardiovascular causes (OR (95% Cl)=11.08
(3.30-37.19)), respiratory complications (OR (95% Cl)=28.33
(5.01-13.83)), septicemia (OR (95% Cl) =6.88 (2.95-16.08)), and
ventilator use (OR (95% Cl) = 51.8 (28.19-95.27)) were found to be
significant risk factors of mortality in ATSCl. Comorbidities (OR
(95% Cl)=1.84 (0.99-3.46)) considering no comorbidity as a
reference did not show statistical significance, whereas diabetes
mellietus (OR (95% Cl) =2.86 (1.11-7.37)) and anemia (OR (95%
Cl)=8.79 (1.22-63.30)) were found to be significant factors
associated with in-hospital mortality univariately.

Multivariable logistic regression analysis showed that increasing
age (OR (95% Cl) = 1.03 (1.01-1.06), p = 0.004), level of injury [high
tetraplegics (OR (95% Cl) =5.09 (2.21-11.72), p =0.019) and low
tetraplegics (OR (95% Cl) =4.84 (1.29-18.09), p <0.001)], asso-
ciated injuries (OR (95% Cl) =2.42 (1.11-5.27), p =0.027), venti-
lator support (OR (95% Cl)=32.99 (15.66-69.51), p<0.001),
cardiovascular causes (OR (95% ClI) =39.03 (8.29-183.89), p<
0.001), respiratory complications (OR (95% Cl) =3.46 (1.63-7.33),
p =0.001), and septicemia (OR (95% Cl) =4.60 (1.05-20.07), p =
0.042) were risk factors having significant association with
mortality (Table 2), whereas none of the comorbid conditions
independently affected mortality and type of management (OR
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Table 2. Multivariable logistic regression analysis of risk factors with
in-hospital mortality.

Variable OR (95% Cl) p value C statistics
Age 1.03 (1.01-1.06) 0.017 0.955
Neurological level of Injury

Paraplegia Ref.

High tetraplegia 5.09 (2.21-11.72) 0.019

Low tetraplegia 4.84 (1.29-18.09) <0.001
Associated injuries 242 (1.11-5.27) 0.027

Ventilator use 32.99 (15.66-69.51) <0.001
Management

Operated Ref. 0.181
Conservative 1.66 (0.79-3.51)

Comorbidities

Diabetes mellitus 1.06 (0.21-5.47) 0.944

Anemia 2.73 (0.19-40.22) 0.455
Complications

Cardiovascular 39.03 (8.29-183.89) <0.001
Respiratory 3.46 (1.63-7.33) 0.001
Septicemia 4.60 (1.05-20.07) 0.042

OR odds ratio.
Bold values indicate statistical significance at 5%.

(95% Cl)=1.66 (0.79-3.51), p=0.181) was not found to be
statistically significant risk factor. C statistic was also calculated for
multivariate model and found to be 0.786 (Table 4).

Supplementary Table S6 shows univariate analysis for sub-
groups of associated injury, i.e, multiple, single and no injury.
Results revealed that both types of associated injuries, i.e., single
(OR=1.76, 95% Cl: 1.03-3.01, p = 0.040) and multiple (OR =4.07,
95% Cl: 1.72-9.68, p=0.001) are significantly associated with
mortality.

As depicted in Table 3, the most frequent cause of death was
respiratory complications (42%) comprising mainly of pulmonary
embolism (22%) and chest infection (14%). The second most
common cause of death was septicemia, (28%) followed by
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Table 3. Causes of death.
Cause Level Total
deceased
Paraplegics High Low n=79 (%)
n=16; tetraplegics tetraplegics
56.3% n=10; n=>53;
12.7% 67.1%
Respiratory Pulmonary embolism 6 (38) 1 (10) 10 (19) 17 (22)
complications Chest infection 2 (13) 1(10) 8 (15) 11 (14)
Acute respiratory distress syndrome 1(6) 1 (10) 2 (4) 4 (5)
Aspiration 1(6) 0 (0) 1(1)
Other Septicemia 2 (13) 2 (20) 18 (34) 22 (28)
Cardiovascular causes 0 (0) 5 (50) 9(17) 14 (18)
Miscellaneous 4 (25) 0 (0) 6 (11) 10 (13)
Table 4. Cox proportional-hazard analysis showing risk factors with survival time.
Characteristics B SE Hazard ratio (HR) 95% CI p value Harrell’s C statistic
Lower Upper
Age 0.02 0.01 1.02 1.001 1.032 0.031 0.786
Injury time prior to the hospital admission 0.002 0.01 1.00 0.978 1.026 0.865
Associated injuries 0.54 0.24 1.72 1.072 2.767 0.031
Ventilator use 2.67 0.28 14.44 8.310 25.073 <0.001
Level
Paraplegic Ref. - - - - <0.001
High tetraplegia 1.421 0.41 4.14 1.839 9.319 0.001
Low tetraplegia 1.24 0.31 3.44 1.876 6.322 <0.001

The bold value represents statistical significance at 5% level.

cardiovascular causes (18%). Other documented causes of death
(13%) were hematemesis, dengue with hemorrhagic shock, fat
embolism, renal failure, fulminating varicella zoster infection, and
enteric perforation.

Furthermore, in Cox proportional-hazard model (Table 4)
adjusted for age and injury time prior to the hospital admission,
an increased risk of mortality was observed with associated
injuries (HR (95% Cl)=1.72 (1.07-2.77)) as compared to no
associated injuries and with ventilator use (HR (95% Cl) = 14.44
(8.31-25.07)) as compared to no ventilator use. Similarly, an
increased risk of mortality was found with high tetraplegia (HR
(95% Cl) =4.14 (1.84-9.34)) and low tetraplegia (HR (95% Cl) =
3.44 (1.87-6.32)) as compared to paraplegia. Hence, people with
ATSCI having associated injuries were at 73% more risk of
mortality per day than those having no associated injuries. Also,
those on a ventilator were 14 times more at risk of mortality
per day than those not on a ventilator. People with high and low
tetraplegia were four and three times more at risk of mortality
per day, respectively, as compared to people with paraplegia.

Both multivariable logistic regression analysis and Cox
proportional-hazards regression analysis revealed that associated
injuries, ventilator use, and cervical level of injuries were the
significant risk factors of in-hospital mortality in people with
ATSCI. Also, Cox proportional-hazard analysis was done after
adjusting for age and injury prior to the hospital admission to
identify the risk factors with mortality rate at 30-, 60-, and 90-day
time points (Supplementary Table S7). Various risk factors such as
ventilator use, level of injury, associated injuries, septicemia, and
cardiovascular factors influenced the mortality amongst the three
groups at 90 days. Characteristics of the patients who stayed more
than a year are presented in Supplementary Table S8. Four of
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these were tetraplegics whereas one was paraplegic, three
patients had complications and one was ventilator dependent.
One patient with tetraplegia was managed conservatively and had
a prolonged stay in the hospital for 535 days.

DISCUSSION

This study investigates the causes of in-hospital mortality as well
as the associated risk factors in patients with ATSCI (injury-
admission interval <30 days) who had undergone treatment at
one center over a 16-year period.

In our study, the mortality rate was 10.4%. The limited studies
available on in-hospital mortality have shown mortality rates of
4-18% [2-6]. The other Indian study [14] could not assess
mortality rates as the study analyzed data from autopsy cases/
case records of people with SCl who died.

Males constituted a high percentage of the deceased in our
study. This is understandable since males also constituted 85% of
the spinal injured cohort. Other available studies also had a similar
observation [1, 8, 10, 21, 22].

Studies have found a higher incidence of deaths in people with
tetraplegia (80%) than people with paraplegia (20%) probably due
to the respiratory compromise in people with tetraplegia [11, 23].
Similarly, mortality rate was quite high in people with tetraplegia as
compared to people with paraplegia in our study. The mortality rate
amongst people with high and low tetraplegia was almost similar.

Respiratory dysfunction is the principle cause of in-hospital
mortality [9] with an incidence of 36-83% [7, 10-12]. This holds
particularly true for people with tetraplegia where pulmonary
complications account for up to 80% of acute in-hospital mortality
[7, 24]. Our study also corroborated that respiratory complications
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are the most frequent underlying cause of death (41.8%). It is now
established that specialized respiratory care is effective in
improving respiratory status [8] and this stresses the importance
of respiratory management, especially in tetraplegia and a special
respiratory unit for monitoring and managing SCl patients. Even
though this has been especially recommended for high cervical
cord injuries [12], the findings of our study suggest that a special
respiratory unit would add value to all patients with cervical spine
injuries.

Despite appropriate prophylaxis, pulmonary embolism con-
tinues to contribute significantly to morbidity and mortality after
SCl. In a review article by Hagen et al. (page no. 5), “the incidence
of pulmonary embolism was 15% and there was mortality rate of
1% in the first year of the injury” [16]. Our study found pulmonary
embolism to be one of the main causes (22%) of mortality. Other
studies have documented pulmonary embolism as the cause of
mortality in 23% [18] and 4% [6] of ATSCI, respectively.

Chest infection is another respiratory complication quite
common after ATSCI. DeVivo et al. [21] reported an incidence of
18%. Durga et al. [5] reported a high significant coefficient
correlation of 0.56 (p=0.00) between respiratory infections and
mortality. Our study showed that respiratory infections are a
common cause of death (14%) as well.

In our study, septicemia was the second most common cause
(28%) of death. In the other Indian study [14] sepsis was the main
cause of death (72%). Unfortunately, there is no other study that
has reported the percentage of in-hospital mortality due to
septicemia in ATSCI. In long-term mortality studies, septicemia due
to infections from infected decubiti, urinary tract infection, and
pneumonitis has been a primary cause of death [21]. In the study
by DeVivo et al. [21], septicemia accounted for 10% of all deaths
after the first year of injury.

Cardiovascular disorders [12, 25] are also amongst the principle
causes of mortality in the acute phase of ATSCI. In the other Indian
study [14], hemodynamic instability was the cause of death in 11%
of cases [16, 26-29]. In our study, cardiovascular cause was the
third leading cause (18%) of in-hospital mortality in ATSCI. Labile
cardiac activity, bradycardia, and hypoxia have been together
observed to precede episodes of cardiac arrest. Mortality can be
reduced by due attention to these red flags of impending
cardiovascular causes. Bradycardia is also influenced by cervical
SCl, hypoxia, and endotracheal suction [30]. The respiratory
complications in people with acute tetraplegia with the con-
sequent hypoxia are assumed to account for the higher frequency
of bradycardia in these patients. Hence, oxygen therapy has been
advocated prior to endotracheal suction. In addition, antic-
holinergic or vasopressor support may be required to stabilize
the cardiovascular system [31].

In the other Indian study [14], head injury and neurogenic shock
were amongst the other cause of death in 15.8% and 1.2% cases,
respectively. Other causes of death in our study were hematem-
esis, dengue with hemorrhagic shock, fat embolism, renal failure,
fulminating varicella zoster infection, and enteric perforation in
12.7% of cases. Our study also studied the risk factors associated
with in-hospital mortality in people with ATSCI. Like in the study
by Selassie et al. [17], greater age was a risk factor significantly
associated with in-hospital mortality in our study as well.

Presence of associated injuries [32] defined as coinjury to head,
chest, abdomen, pelvis, and limb has also been found to be a
significant factor influencing mortality in our as well as other
studies [17, 33, 34].

Subgroup analysis for associated injury, i.e., multiple, single, and
no injury shows significant association with mortality. Association
with mortality in multiple associated injuries is four times while in
single associated injury it is two times. Ventilator dependency
[5, 9] has been similarly implicated. In a study done to develop a
predictive score for ventilator requirement and in-hospital
mortality of people with cervical spine injury (predictors of
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respiratory insufficiency and mortality), mechanical ventilation was
an independent predictor of mortality [3].

Coexisting comorbidities and type of management were the
other risk factors that were studied. These were not found to be
significant. In some in-hospital studies, coexisting comorbidities
were found to be highly associated with mortality [6, 17]. In one of
these studies, comorbid conditions and concomitant injury
collectively had stronger effect on mortality [6]. In our study,
comorbidities were seen in only 14 (16.5%) of the deceased.
Coexisting comorbidities generally manifest and influence health
status with advancing age. In our study, the average age of the
deceased subjects was lower (46.6 years) than the other study
(59.3 years) [6] in which comorbidities were associated with
mortality. This could explain the difference in findings in the two
studies.

Similar to a study by Li et al. [35], we found no correlation of
mortality with type of management in ATSCI. Modern methods of
anesthesia and intensive care trauma management including
respiratory and hemodynamic resuscitation have allowed ATSCI
patients to go through surgery safely with minor differences in
complication rates between surgical and conservative groups
[5,171.

Our study emphasizes on the need to improve the respiratory
care in people with SCI and specifically those with cervical cord
injuries. Studies on early mortality suggest that older age and
complete injuries increase the risk of mortality globally. This study
had various strengths. It may represent the LMIC scenario and
hence a significant global population. It is also perhaps the first
comprehensive study assessing the causes of in-hospital mortality
in patients with ATSCl in a spinal injury center over a 16-year
period. The only other published study, also from India, focused
more on the demographic profile and timing of death since injury.
The causes of death and risk factors have not been discussed and
analyzed appropriately. Another study from Bangladesh on 2-year
survival post discharge mentions causes of death in 21 patients
before discharge but no relevant details have been provided.

LIMITATIONS

This study had the limitations associated with any retrospective
study including controlling any confounding variables. The study
was limited to assessing in-hospital mortality and not the long-
term mortality. Only complete injuries were studied. Since the
study represents a LMIC scenario, the findings may not be
applicable globally. Injury severity scale (ISS) and better still New
Injury Severity Score, as well as non-use of DVT prophylaxis have
shown to be predictors of in-hospital mortality but these could not
be documented in our study. The cause could also not be
confirmed by autopsy in all cases. The risk of mortality could be
influenced by general health conditions and socioenvironmental
factors but these could not be documented in our study. Due to
the limited number of patients who had comorbidities (11% of the
sample), it is difficult to draw meaningful conclusion from
univariate and multivariate analysis. Amongst the other limita-
tions, the duration of ventilator support as a risk factor for
mortality and the impact of timing of complication on in-hospital
mortality could not be analyzed. Though it would have been
useful to analyze the effect of calendar year in the model to adjust
for temporal changes in hospital practice, since it was a
retrospective study collecting data for the last 16 years and the
hospital practice for each year in this duration had not been
documented, this could not be done.

CONCLUSIONS

Respiratory complications, septicemia, and cardiovascular causes
were the leading causes of in-hospital mortality in complete ATSCl in
our study. Tetraplegia and ventilator dependency were the strongest

Spinal Cord (2022) 60:210-215



predictors of mortality followed by greater age and presence of
associated injuries. There is a need to focus on respiratory
management and prevention of infections in people with tetraplegia
in the acute phase to reduce morbidity and mortality and this
should be a major thrust area for further research.
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