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Abstract

Study design Descriptive retrospective.

Objectives To evaluate the burden of respiratory morbidity in terms of ventilator dependence (VD) days and length of stay
in neurotrauma ICU (NICU) and hospital, and to determine mortality in patients with traumatic cervical spinal cord injury
(CSQI) in a low middle-income country (LMIC).

Setting Jai Prakash Narayan Apex Trauma Center (JPNATC), All India Institute of Medical Sciences (AIIMS), New
Delhi, India.

Methods A total of 135 patients admitted with CSCI in the NICU between January 2017 to December 2018 were screened.
Information regarding age, gender, American Spinal Injury Association (ASIA) impairment scale (AIS), level of injury,
duration of VD, length of NICU, hospital stay, and outcome in terms of mortality or discharge from the hospital were
obtained from the medical records.

Results A total of 106 CSCI patients were analyzed. The mean (SD) age of patients was 40 (x16) years and male: female
ratio was 5:1. The duration of VD, duration of NICU, and hospital stay was a median of 8 days (IQR 1127), 6 days (IQR
1118), and 15 days (IQR 3127) respectively. Mortality was 19% (20/106). The mortality was significantly associated with
poorer AIS score, VD, and duration of ICU and hospital stay. All patients were discharged to home only after they became
ventilator-free.

Conclusions The ventilator burden, hospital stay, and mortality are high in patients with CSCI in LMICs. Poor AIS scores,
prolonged VD, ICU and hospital stay are associated with mortality. There is a need for comprehensive CSCI rehabilitation
programs in LMICs to improve outcome.

Introduction

Traumatic cervical spinal cord injury (CSCI) has extensive
respiratory morbidity which may culminate in prolonged
ventilator dependence (VD), extensive utilization of
resources, and high mortality [1-3]. Literature from high-
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Our study highlights the burden imposed by CSCI in
terms of ventilator dependence and length of neurotrauma
intensive care unit (NICU) and hospital stay, and deter-
mines survival in this cohort of patients, at a level I trauma
center in an LMIC without a specialized spinal cord injury
rehabilitation facility or program. We reviewed the records
of patients with exclusive CSCI admitted to our NICU. Data
regarding age, sex, American Spinal Injury Association
(ASIA) impairment scale (AIS), level of injury, duration of
VD, length of NICU stay, hospital stay, and in-hospital
mortality was obtained.

Methods

The study was conducted at Jai Prakash Narayan Apex
Trauma Center (JPNATC), All India Institute of Medical
Sciences (AIIMS), New Delhi, India after approval from the
Institute Ethics Committee (IEC-101/01.02.2019, RP — 20/
2019). AIIMS is an Indian institute of excellence in medical
education, patient care, and medical research. JPNATC is a
Level I trauma center attached to AIIMS. It’s a public center
providing care to trauma victims from across the country,
especially North India, at a very subsidized cost. The Center
has a total bed strength of 240. It’s a high volume center
with more than 75,000 patient visits each year. The center
caters to all types of trauma patients. It has a dedicated
Neurotrauma intensive care unit (NICU), managed by
neuroanaesthesiologists and neurosurgeons. NICU mainly
deals with the management of traumatic brain and spinal
cord injury. Neuroanaesthesiologists/intensivists are avail-
able round the clock and are responsible for critical care and
ventilatory management of patients in the NICU. NICU has
an adequate nurse-patient ratio, and automated vital signs
and data capture monitoring. Other specialties like phy-
siotherapy and infection control are also available. Due to
high flow of neurotrauma patients and a limited number of
beds in NICU, ventilated patients are also managed in wards
with round-the-clock nursing and provision of on-call
neuroanaesthesiologists for ventilator and hemodynamic
management and physiotherapists for chest physiotherapy.
However, our center has no spinal cord injury rehabilitation
program or a long-term rehabilitation facility attached to it.

This retrospective analysis included all patients with
exclusive CSCI admitted in NICU from January 2017 to
December 2018. Pediatric patients (<17 years), and those
with a head injury, polytrauma, patients not admitted to
NICU, patients with incomplete medical records, and
patients not discharged during the study period were
excluded. All patients were managed according to the
hospital treatment protocol and advanced trauma life sup-
port (ATLS) guidelines [6]. AIS was used to assess the
severity of CSCI and was determined from the radiological
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investigations (anteroposterior and lateral radiographs,
computerized tomography or magnetic resonance imaging)
and clinical examination at admission. Injury involving
C1-C4 level was considered as upper cervical spine injury
and C5-C8 level was considered as lower cervical spine
injury. Information regarding age, gender, duration of
ventilator dependence, duration of NICU, and hospital stay
was obtained from medical records. The outcome was noted
in terms of mortality or discharge from the hospital. Patients
received cervical traction in the ED or after admission in
NICU as per the neurosurgical team consideration. Patients
were informed about the high risks associated with the
surgery as well as the requirement of prolonged mechanical
ventilation even post-surgery. They were also informed
about the conservative management option; the final deci-
sion was made in consultation with both surgical team and
patient’s choice. Those patients who were very sick in terms
of cardiorespiratory status, and not fit to undergo anesthesia
and surgery, were managed conservatively. Weaning
approaches used were either pressure support ventilation
(PSV) or progressive ventilator-free breathing (PVFB) on
T-piece [7, 8]. Weaning was commenced when the patient
met the following criteria: Vital capacity: >10mL/Kg
(IBW), Respiratory rate: 10-12 breaths/min, Minute venti-
lation: <10 L/min, PaO2 >80 mmHg with FIO2 at <0.4,
PaCO2 < 45 mmHg, rapid shallow breathing index (RSBI):
<105, clear or improving chest radiographs, stable vital
signs and no complications like fever, sepsis, etc. PVFB
weaning consisted of a ventilator-free time that was gra-
dually increased which allowed a period of spontaneous
breathing (training) followed by time on the ventilator. The
training units (5—10 min per hour and minimum 8, max 12)
were progressively increased each day until ventilator free
breathing (VFB) was gradually achieved. VFB was con-
sidered to be achieved when the patient comfortably toler-
ated 24 h without the requirement of mechanical ventilation.
Patients were followed to hospital discharge or in-hospital
death, whichever was earlier.

Descriptive statistics were used to present epidemiolo-
gical data. IBM Statistical Package for Social Sciences
(SPSS) version 21 for Windows® was used for data analy-
sis. Continuous normally distributed variables (age) are
expressed as a mean and standard deviation; skewed data
(VD, NICU, Hospital stay) are expressed as a median and
interquartile range (IQR). Categorical variables are expres-
sed as number percentage [ (%)]. Student’s r-test was used
to compare continuous data and Kruskal-Wallis equality-
of-populations rank test was used for skewed data. Cate-
gorical variables were compared using Chi-square or Fish-
er’s exact test. A p value of <0.05 was considered
statistically significant. The risk of mortality was estimated
by performing the binary logistic regression analysis. The
outcome variable considered in the analysis was in-hospital
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mortality (0-survived, 1-died). The independent pre-
dictors were —gender (0:Female, 1:Male), AIS score (0:
AIS-A, 1:AIS-B), level of injury (0: Lower Spine, 1:
Upper Spine), age (Z-score), ventilator dependence
(Z-score), duration of ICU stay (Z-score), and duration of
hospital stay (Z-score); where 0 and 1 denote the refer-
ence and the risk group. The results of the binary logistic
regression were interpreted in terms of the estimated odds
ratio (OR) and the 95% Confidence Interval (95% CI),
under both the univariate and multivariable model
(adjusted for age and gender). Under the multivariable
model, Bonferroni’s correction in the p value was made
for multiple comparisons. The survival analysis was done
between motor complete (AIS-A/B) and motor incom-
plete (AIS-C/D) and neurologically intact (AIS-E) inju-
ries estimating the likelihood of requirements for
ventilation (measured in days). The event of interest was
survival, and the outcome of interest was in-hospital
mortality. The likelihood of a period of ventilation was
assessed through the Log Rank Test.

Results

In this retrospective analysis, medical records of a total of
135 patients admitted with CSCI to NICU from January
2017 to December 2018 were screened. Out of these, 29
patients were excluded (22 pediatric and 7 adults with
incomplete records). A total of 106 patients were included
in the final analysis. Patient characteristics and injury
severity values are shown in Table 1. The total duration of
VD was a median of 8 days (IQR 1127). The duration of
VD was highest in AIS-A patients [median 21 days (IQR
3127)], followed by AIS-B [median 19 days (IQR 2,60)],
AIS-C [median 9 days(IQR 2,31)], AIS-D [median 3 days
(IQR 116)] and AIS- E [median 2 days (2,5)]; (p <0.001)
(Table 1) (Fig. 1).

Number of patients with injury involving upper (C1-C4)
and lower (C5-C7) cervical spine was 55 (51.9%) and 51
(48.1%), respectively. Mean age, VD, ICU, and hospital
stay, and outcome is described in Table 2. There was no
difference in ventilator dependence, duration of ICU stay,

Table 1 Patient parameters
according to AIS grade.

AIS"-B AIS"-C AIS-D  AISP-E

Parameters All patients ~ AIS"-A p value
Total number of patients (N¥) 106 37 (35%) 8 (8%) 12 (11%) 32 30%) 17 (16%)

Male: Female 5:1 30:7 7:1 10:2 29:3 13:4

Age(years): Mean (SD) 40 (16) 36 (14) 48 (15) 34 (13) 41 (18) 47 (13) 0.02
Ventilator dependence (days) Median (IQR) 8 (1127) 21 (3127) 19.5 (2,60) 9.5 (2,31) 3 (116) 2 (2,5) <0.001
ICU stay(days) Median (IQR) 6 (1118) 9 (2,118) 14.5(8,22) 6(3,18) 35(114) 2(1,5) <0.001
Hospital Stay(days) Median (IQR) 15 (3127) 23 (3127) 19 (17,60) 18 (10,37) 7 (3,26) 6 (4,11) <0.001

4N Number of patients in each AIS grade.

AIS American Spinal Injury Association Impairment Scale.

Fig. 1 Ventilator dependence
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duration of hospital stay and mortality between the upper
and lower cervical spine injury group.

The total duration of ICU stay was a median of 6 days
(IQR 1118). The median duration of ICU stay in AIS-A, B,
C, D, and E is shown in Table 1. The overall duration of
hospital stay was a median of 15 days (IQR 3127). The
median duration of hospital stay in different AIS impair-
ment scales is shown in Fig. 2.

Duration of stay in ICU in C1-C4 level patients was
median 5 days (IQR 1,45) and in C5-C8 level was median
7 days (IQR 2,118); (p —0.206). The duration of hospital
stay in C1-C4 level patients was median 11 days (IQR 3-
65) and in C5-C8 level patients was median 19 days (IQR
3127); (p —0.136) (Table 2).

A total of 94 (89%) patients out of 106 underwent a
surgical correction in our study (AIS-A 32%, AIS-B 7.4%,
AIS-C 11.7%, AIS-D 31% and AIS-E 18% of total patients

Table 2 Patient parameters according to the level of injury.

Parameters Upper cervical Lower cervical p value
spine (C1-C4) spine (C5-C7)

Total number of  55/106 (51.9%) 51/106 (48.1%) 0.582

patients (N)

Age (years) 39.38 +17.05 41.15+£14.29 0.379

Ventilator dependence(days)

Mean = SD 13.2+16.21 18.64 +25.01 0.154

Median (Inter 6 (1-60) 11 (2-127)

Quartile Range)

ICU stay (days) 8.47+9.30 10.39£16.72 0.206
5 (1-45) 7 (2-118)

Hospital 17.45+16.02 229+24.0 0.136

stay (days) 11 (3-65) 19 (3-127)

Death 10/55 (18.18%) 10/51 (19.6%) 0.859

Survived 45/55 (81.82%) 41/51 (80.4%) 0.849

Fig. 2 Hospital stay in patients

with cervical spinal cord

Injury. Graph showing duration 127
of hospital stay in patients with
cervical spinal cord injury
(CSCI). X Axis displays
duration of hospital stay in days.
Y Axis displays severity of
injury. *Total number of
patients studied (All CSCls),
American Spinal Injury
Association Scale A (AIS A),
American Spinal Injury
Association Scale B (AIS B),
American Spinal Injury 20
Association Scale C (AIS C) and

American Spinal Injury 0 2
Association Scale D (AIS D). AIS-A

Days
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who underwent surgery). Forty-three patients (40.5%)
underwent tracheostomy (AIS-A 27, B-7, C-6, D-3, and E-O
patients, respectively).

The results of the binary logistic regression analysis
revealed that mortality was significantly associated with
AIS-A, ventilator dependence (z-score), ICU stay (z-score),
and hospital stay (z-score). The univariate model [Odds
Ratio (95% CI), p], for age [0.822(0.532, 1.462), 0.627],
gender [0.486 (0.149, 1.686), 0.232] and level of injury
[0.911 (0.344, 2.411), 0.851] was found to be statistically
insignificant. Multivariable model (adjusted for age and
gender) was also developed to find out the odds of the
mortality. It was found that individuals in the category of
AIS-A had 45 times more odds for mortality. Moreover,
with increasing duration of ventilator dependence, NICU
stay, and hospital stay, the estimated odds for mortality was
three (3.298), eight (7.668), and two times (2.411). The
independent variables remained statistically significant even
after adjustment in the p value for the multiple comparison
(Table 3).

Mortality during hospital stay was 19% (20/106). The
Mean (SD) age of patients who died was 39(+16) years and
patients who survived were 41(+16) years. AIS-A patients
had the highest mortality with 43% deaths followed by AIS-
B patients (37%) (Table 4). Cause of death was cardior-
espiratory collapse secondary to severe cervical spinal cord
injury (5/20), acute respiratory distress syndrome. and
ventilator-associated pneumonia leading to sepsis (5/20),
septicemia (9/20; implant infection 1/9, catheter-associated
bloodstream infection 5/9 and catheter-associated urinary
tract infection 3/9) and hepatic failure (1/20). The median
duration of VD was higher in patients who died as com-
pared to the patients who survived [(median 21 days (IQR
3127) vs 5 days (IQR 1, 59); (»p <0.001)]. The duration of
ICU stay and hospital stay was also higher in patients who

HOSPITAL STAY
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Table 3 Binary logistic

. . Independent variable
regression analysis for

Univariate model

Multivariable model®

dependent variable mortality. Odds ratio  95% CI P value Odds ratio 95% CI P value®
AIS-A° 43.846 5.572,345.003  0.003  45.043 5.621, 360.949  <0.001
Ventilator dependence 3.078 1.680, 5.636 <0.001 3.298 1.734, 6.271 <0.001
Z-Score
ICU stayz score 5.956 2251, 15755 <0.001  7.668 2.699,21.783  <0.001
Hospital stay 7.score 2.322 1.384, 3.895 <0.001 2411 1.406, 4.136 <0.001

*Adjusted for Gender and Agez score-

®Significant after adjustment in P value for multiple comparison.

°AIS-B reference category.

Table 4 Comparison of outcome across parameters.

Parameters Death Survived

Total number of patients(percentage) 20/106 (19)  86/106 (81)

Age (years) 39+ 16 4116
Ventilator dependence (days) 22 (3127) 6 (1,59)

ICU stay (days) 22 (3127) 4 (1,24)
Hospital stay (days) 22 (3127) 13 (3,65)
AIS-A 16/37 (43%) 21/37 (57%)
AIS-B 3/8 (38%) 5/8 (63%)
AIS-C 0/12 12/12 (100%)
AIS-D 1/32 (3%) 31/32 (97%)
AIS-E 0/17 17/17 (100%)

died as compared to the patients who survived [median
21 days (IQR 3127) vs 4 days (IQR 1,24); (p <0.001) and
(median 21 days (IQR 3127) vs 12 days (IQR 3,65); (p
—0.038) respectively]. Survival improved from AIS A to E
(p<0.001) (Table 2).

The KM survival probability estimated difference in the
survival probability across AIS lesions (p —0.21) and the
numbers at risk are shown in Fig. 3. Patients were not
followed up after discharge from the hospital.

Discussion

CSCI was associated with long VD, prolonged stay in
hospital, and mortality in our study. Limited data quantifies
the same in CSCI patients undergoing treatment in LMICs.
In our study, a total of 135 patients with exclusive CSCI
were admitted to NICU over 1 year. Most of the patients
were male (89/106) in the age group 25-55 (40 + 16) years
which is similar to reported literature [9, 10]. The total
duration of mechanical ventilation was median 8 (IQR
1127) days. AIS correlates directly with the development of
respiratory complications [11, 12]. In our study, AIS-A
patients had the longest duration of VD, up to 127 days,
which is long as compared to reported literature for other

trauma patients admitted at our hospital. The duration of
ventilator dependence was similar between upper and lower
cervical spine injury. A study reported a median (IQR)
duration of mechanical ventilation and ICU stay of 5(2,10)
and 5(2,9) days respectively, in 4692 trauma patients
admitted to JPNATC over 2 years [13]. Gupta et al. com-
pared the management of severe traumatic brain injury at
JPNATC with Harborview Medical Center (HMC) in the
USA [14]. ICU and length of hospital stay (LOS) at
JPNATC and HMC was mean (SD) 6.1(2.1) vs 18.2(21.1)
and 13.5 (9.9) vs 28.2 (24.3) days respectively. In our
present study, the length of hospital stay was a median of
15 days (IQR 3127). In our study, due to the limited number
of beds in the NICU, following initial optimization and
stabilization some of the patients were managed in the high
dependency units instead of NICU so that the bed could be
made available for a more critical neurotrauma patient.

Wang et al reported a VD of 10.9+6.9 days in acute
CSCI patients [15]. In their study, <50% of patients
required mechanical ventilation at the time of admission and
they ascribed higher extubation rate to a Glasgow Coma
Scale of 15 and administration of comprehensive multi-
disciplinary care. In a retrospective analysis of SCI patients
admitted to a state-designated Level 1 trauma center in a
HIC, Mathew et al. reported a hospital stay of 14.1 days and
ventilator dependence of 3.5 days, with acute in-hospital
mortality of <10% [16]. Most of the data regarding stay are
reported from rehabilitation centers. An Italian multicenter
prospective observational study showed a median stay of
135 days (4, 387) in rehabilitation centers for patients with
CSCI [17]. The duration of stay correlates with the severity
and level of injury [18]. However, in our study, duration of
ICU and hospital stay was higher in severe AIS but was
similar in upper and lower cervical spine injury. Hospital
stays of up to 250 days have been reported in the literature
[16, 19, 20]. Such prolonged stays at acute care facilities
have been cut short in HICs by shifting the patient to
rehabilitation centers.

Specialized spinal cord injury rehabilitation centers in
HICs are comprised of multiple disciplines including

SPRINGER NATURE
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Fig. 3 Kaplan Meier Survival
Curve. Plot of Kaplan-Meier
product limit estimates of
American Spinal Injury
Association Scale. A and B
patients versus American Spinal
Injury Association Scale C,D.
Survival probability estimated
across severity of injury had a p
value of 0.21.
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rehabilitation nurses, nurse technicians, physical therapists,
occupational therapists, therapeutic recreation therapists,
clinical psychologists, respiratory therapists and functional
mobility training specialists (transfer training, joint mobili-
zation, stretching, core stabilization exercises, standing,
and/or gait training) besides clinical care managers like
surgeons and intensivists and access to imaging facilities
[4]. Easy referrals from acute care settings to long term
rehabilitation is an integral part of care in patients with
cervical spine injury. Besides these facilities, advanced
multi-model rehabilitation, transcranial magnetic stimula-
tion, and epidural electrical stimulation combined with
dynamic task-specific rehabilitation training and intelligent
therapies like stem cells, is being explored for better func-
tional outcomes [21]. Patients with acute cervical spine injury
spend a substantial time in ICU due to cardiovascular
instability and other acute issues before they get transferred to
a rehabilitation unit. Ideally rehabilitation should start in
NICU once these patients become medically stable. An
individualized plan should be developed depending upon
need of each patient. Physicians, nurses, respiratory therapists,
physical and occupational therapists, speech pathologists,
dieticians, and rehabilitation psychologists are vital parts of
the rehabilitation team in NICU. Similar facilities of care for
traumatic spinal cord injury are missing in LMICs. LMICs lag
behind HICs in domains of home care facilities and com-
prehensive functional, social, and economic rehabilitation [5].
In LMICs, patients with CSCI stay in acute care hospitals
with limited rehabilitation facilities as long as they are sick
and ventilator dependent, and get discharged home once they
are stable and ventilator-free. These lacunae in care in LMICs
may lead to higher morbidity and poorer quality of life [22].
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All-cause mortality in our study was 19% (20/106) with
the highest number of deaths occurring in AIS-A patients
(43%), followed by AIS-B (37%) patients. However, 98%
of AIS- C, D & E patients survived and were discharged
from the hospital. The level and severity of the injury, the
requirement of vasopressors, and the long duration of
mechanical ventilation are the primary causes of morbidity
and mortality in the acute phase of SCI [8, 23-26]. We
found AIS-A score, long VD and long ICU and hospital
stay were associated with mortality. In our study, the sur-
vival analysis didn’t reveal statistically significant results.
However, it suggests that patients with motor complete
injuries experienced higher mortality as compared to
patients with motor incomplete injuries. The comparative
appraisal of two curves (Fig. 3) clearly reveals that the
majority of patients who died within a short span of ven-
tilation had a motor complete injury (AIS-A/B), whereas
only one patient died in the other group (AIS-C/D/E). These
findings suggest that further studies with a larger sample
size are required for the association of AIS lesions with the
outcome. Patients with ventilator-dependent SCI are 39.5
times more likely to die during the first year after the injury
[27]. Life expectancy for individuals with SCI in LMICs is
shorter than for individuals with SCI in HICs [22]. A review
found that patients with SCI and their families in an LMIC
setup face a plethora of challenges including a small num-
ber of specialized SCI centers, limited access to rehabilita-
tion services, and inadequate management of complications
[22].

As reported in the literature, HICs, integrated in hospital
rehabilitation centers, help in the institution of specialized
respiratory rehabilitation programs and in comprehensive
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multidisciplinary care to aid in overall recovery [28]. In our
study, all patients were discharged home once they were
ventilator-free. Such patients stay at home with inadequate
home care facilities. The long-term challenge is the man-
agement of ventilator, tracheostomy, pressure care, and
autonomic functions, which is the reason that spinal cord
units evolved. Since family is the main care provider at
home, getting them involved from the start gives them an
understanding and adaption of what will be required in the
long term. Transfer of patients to an integrated multi-
disciplinary specialized center for care has shown to
decrease overall mortality, length of stay in acute care
facilities, and overall complications [4]. P Rinkaewkan et al.
in their retrospective study found that the effectiveness of
rehabilitation for SCI inpatients was directly associated with
the capacity to institute an intensive rehabilitation program
[29]. In the absence of similar facilities, patients in LMICs
like India remain at the acute care setting for the entire
duration of management. The prolonged stay of patients in
acute care settings results in a scarcity of ICU and hospital
beds. Shifting to integrated rehabilitation facilities will not
only improve outcomes but will also offload the burden on
acute care traumatology units. Though we believe that
management of acute spinal trauma at Level 1 and 2 trauma
centers is better than non-trauma centers, upgrading the
rehabilitation facilities in LMICs will further lead to
decreased mortality and morbidity. Challenges are increas-
ing with an alarming rise in the incidence of SCI, huge
unmet requirements of rehabilitation, increasing costs, and
deficiency in trained health care personals [30]. Perhaps a
program of community-based rehabilitation could be
established, with the voluntary help of allied health workers
from established spinal injuries units around the world.

In this study we quantified the effect of CSCI only on
respiratory morbidity in terms of VD, length of bed occu-
pancy, and in-hospital mortality in one of India’s level-1
trauma centers. Our study is a single-center retrospective
analysis. Our mortality data are only relevant to trauma
patients who got admitted to NICU, JPNATC, AIIMS, and
cannot be reflective of all. We didn’t study comorbid
medical conditions, such as smoking, chronic obstructive
pulmonary disease, pneumonia, and heart disease, which
may have influenced the VD and mortality. Patients were
followed up to discharge only.

Conclusion

Severe CSCI was associated with prolonged duration of
VD, hospital stay, and mortality. High AIS, prolonged VD,
NICU and hospital stay are associated with high mortality.
In our study, after stabilization and liberation from venti-
lator, patients were discharged home. We highlight the need

for comprehensive respiratory rehabilitation and post-
hospital care programs in LMICs. Further, research initia-
tives and feasibility studies should be undertaken for
improving comprehensive care facilities in LMICs and to
study the mid and long-term outcomes in these patients.
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