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patients presenting with a spinal cord injury. In 2013, a 
twice weekly rounding SCIS MDT was initiated. This new 
multidisciplinary service, the post-SCIS, was compared to 
the 2011–2012 pre-SCIS. The two groups were compared 
across patient demographics, mechanism of injury, surgical 
procedures, and disposition at discharge. The primary out-
come was mortality. Secondary endpoints also included the 
incidence of complications, hospital length of stay (HLOS), 
ICU LOS, ventilator free days, and all hospital-acquired 
infectious complications. Logistic regression and Student’s 
t test were used to analyze data.
Results Ninety-five patients were identified. Of these 
patients, 41 (43%) pre-SCIS and 54 (57%) post-SCIS 
patients were compared. Mean age was 46.9 years and 
79% male. Overall, adjusted mortality rate between the two 
groups was significant with the implementation of the post-
SCIS (p = 0.033). In comparison, the post-SCIS revealed 
shorter HLOS (23 vs 34.8 days, p = 0.004), increased ven-
tilator free days (20.2 vs 63.3 days, p < 0.001), and less 
nosocomial infections (1.8 vs 22%, p = 0.002). While the 
post-SCIS mean ICU LOS was shorter (12 vs 17.9 days, 
p = 0.089), this relationship was not significant.
Conclusions The application of an SCIS team in addition 
to the trauma service suggests that a structured coordinated 
approach can have an expected improvement in hospital 
outcomes and shorter length of stays. We believe that this 
clinical collaboration provides distinct specialist perspec-
tives and, therefore, optimizes quality improvement.
Level of evidence Epidemiologic study, level III.

Keywords Spinal cord injury · Multidisciplinary · Team 
approach · Trauma · Performance

Abstract 
Background A stepwise multidisciplinary team (MDT) 
approach to the injured trauma patient has been reported 
to have an overall benefit, with reduction in mortality and 
improved morbidity. Based on clinical experience, we 
hypothesized that implementation of a dedicated Spinal 
Cord Injury Service (SCIS) would impact outcomes of a 
patient specific population on the trauma service.
Methods The trauma center registry was retrospectively 
queried, from January 2011 through December 2015, for 
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Introduction

Traumatic spinal cord injuries (TSCI) are associated 
with significant physical challenges and psychosocial ill-
ness. Organ system dysfunction, both acute and chronic, 
are expected, thereby increasing morbidity and worsen-
ing quality-of-life. TSCI, oftentimes devastating and life-
altering, pose distinct challenges to the patient, family, and 
healthcare system. The National Spinal Cord Injury Statis-
tical Center (NSCISC) published review series estimates in 
the United States (US) an incidence of 40 cases per million 
per year [1]. In 2012, approximately 276,000 individuals 
are living with SCI in the US [1].

A stepwise multidisciplinary team (MDT) approach to 
the injured trauma patient can have an overall benefit to 
patient outcomes, with improved morbidity and decreased 
in-hospital mortality [2–4]. A multidisciplinary approach 
to management during the acute phase of TSCI provides a 
fundamental understanding and goal-oriented strategy. The 
majority of reports on TSCI do not reflect a team-based 
approach. The objective of this study was to determine 
whether the implementation of a dedicated Spinal Cord 
Injury Service (SCIS) would impact overall outcomes of a 
patient specific population on the trauma service.

Methods

Between January 1, 2011 and December 31, 2015, all 
trauma patients presenting to Grand Strand Medical Center, 
a level II trauma center in Myrtle Beach, South Carolina, 
were retrospectively reviewed. Following institutional 
review board approval, the trauma registry was queried for 
all TSCIs with inclusion criteria met by the primary diag-
nosis established with the International Classification of 
Diseases, 9th Revision, Clinical Modification (ICD-9-CM) 
codes. The following ICD-9-CM codes were categorized 
by: fracture of vertebral column with spinal cord injury 
(806.00–806.9) and spinal cord injury without evidence 
of spinal bone injury (952.00–952.9). Exclusion criteria 
included all non-trauma-related SCIs, cerebral vascular 
accident-related deficits, and trauma patients with neuro-
logic deficits which resolved, as well as those without radi-
ographic evidence of spinal cord injury.

Those who met inclusion criteria had medical records 
reviewed by a single investigator. As such, the patient 
population included the following spinal injuries: ante-
rior, posterior, and central cord syndromes, paraplegia, 
and quadriplegia/tetraplegia. Patients were then grouped 
into two distinct hospital admission time periods, January 
2011–July 2012 (pre-SCIS) and August 2012–December 
2015 (post-SCIS). The two groups were compared across 
patient demographics, mechanism of injury, surgical 

procedures, and disposition at discharge. The primary out-
come between the two groups was mortality. Secondary 
outcome variables included all hospital-acquired infections, 
ventilator days, hospital length of stay (HLOS), intensive 
care unit (ICU) LOS, decubitus ulcer formation, and other 
unexpected complications.

Statistical analysis

The major endpoint during this retrospective review was 
mortality. Secondary endpoints also included the incidence 
of complications, HLOS, ICU LOS, ventilator free days and 
all hospital-acquired infectious complications [urinary tract 
infection (UTI), ventilator-associated pneumonia (VAP), 
and surgical wounds]. Continuous data were compared with 
unpaired Student’s t tests and categorical proportions with 
χ2 analysis or Fisher’s exact test, as appropriate. Logistic 
regression was used to examine the independent associa-
tions of several demographic and injury related factors. p 
values less than 0.05 were considered statistically signifi-
cant. Statistical analysis was performed with the QI Macros 
© software (KnowWare International Inc., CO, USA).

Results

During the 72-month review, 95 patients were identified 
with TSCI. The mean (±SD) age was 46.9 ± 19.0 (range 
19–103 years) and 76.8% (n = 73) male. Table  1 demon-
strates the comparative demographics between the two 
TSCI groups, 41 (43%) patients in pre-SCIS group versus 
(vs) 54 (57%) post-SCIS group. Injury resulted from blunt 
(86.3%) vs penetrating (13.7%) trauma. The most common 
type of mechanism overall resulted from falls (45.3%), fol-
lowed by motor vehicle collision (18.9%). Table 2 defines 
all TSCI types encountered on admission. Central cord syn-
drome (54.7%) and paraplegia (26.3%) were the most com-
mon types of TSCI in the study population. The majority 
of the injuries were to the cervical region (72%). In total, 
63.2% had neurosurgical spine stabilization, with a mean of 
3 days for both TSCI groups.

On performing multivariate analysis between the two 
groups, the post-SCIS group had an overall shorter HLOS 
(23.0 vs 34.8 days, p = 0.004). While the mean ICU LOS 
of post-SCIS implementation was shorter than the pre-
SCIS (11.9 vs 17.9 days, p = 0.089), this relationship was 
not significant. Shorter ventilator days (20.2 vs 63.3 days, 
p < 0.001) and less nosocomial infections (1.9% vs 22.0%, 
p = 0.002) were also observed in the post-SCIS (Table 3). 
Patients were more likely to be discharged to a specialized 
spinal rehabilitation facility in the post-SCIS (29.6%) group 
(p = 0.023). Final discharge disposition is summarized in 
Table 4.
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The overall mortality rate was 5.3% among the two 
groups. (Table 3) One death did occur on the post-SCIS 
as a result of a withdraw of care. On further analysis of 
the pre-SCIS mortality rate, the pre-SCIS was 5.7 times 

more likely to expire (odds ratio 5.73; 95% confidence 
interval 0.62–53.4; p = 0.087). The adjusted mortal-
ity rate when excluding the isolated post-SCIS death 
revealed statistical significance (p = 0.033).

Table 1  Demographics and 
mechanism of injury, pre-SCIS 
vs post-SCIS patients

SD standard deviation, ED emergency department, GCS Glasgow Coma Scale, ISS injury severity score, 
SBP systolic blood pressure
*p < 0.05, significant

Pre-SCIS (n = 41) Post-SCIS (n = 54) All (N = 95) p*

Demographics
 Age, mean (SD), year 46.1 (17.7) 47.5 (20.1) 46.9 (19.0) 0.723
 Male, n (%) 32 (78.0) 41 (75.9) 73 (76.8) 0.808

Presentation
 Blunt injury, n (%) 40 (97.6) 42 (78.8) 82 (86.3) –
 Penetrating, n (%) 1 (2.4) 12 (22.2) 13 (13.7) 0.006

Mechanism of injury, n (%)
 Fall 16 (39.0) 27 (50.0) 43 (45.3) 0.287
 Motor vehicle collision 9 (22.0) 9 (16.7) 18 (18.9) 0.515
 ISS, mean (SD) 18.5 (11.5) 22.1 (9.1) 20.3 (10.4) 0.097

ED GCS, mean (SD) 13.3 (3.7) 13 (4.2) 13.1 (4.0) 0.768
SBP, mean (%) 130.6 (26.5) 135.0 (29.0) 133.2 (27.9) 0.475

Table 2  Summary of TSCI 
types encountered on admission

*p < 0.05, significant

Pre-SCIS (n = 41) Post-SCIS (n = 54) All (N = 95) p*

Paraplegia, n (%) 6 (14.6) 19 (35.1) 25 (26.3) 0.024
Tetraplegia, n (%) 9 (21.9) 7 (12.9) 16 (16.8) 0.246
Central cord syndrome, n (%) 26 (48.1) 26 (48.1) 52 (54.7) 0.139
Anterior cord syndrome, n (%) 0 (0) 2 (3.7) 2 (2.1) 0.504

Table 3  Outcomes of pre-SCIS 
vs post-SCIS patients

*p ≤ 0.05, significant
† Excludes those who expired from withdrawal of care
‡ Percentage out of a sample size of 94, after excluding patients who expired from withdrawal of care

Pre-SCIS (n = 41) Post-SCIS (n = 54) All (N = 95) p*

HLOS, mean (SD), days 34.8 (94.5) 23.0 (24.4) 28.1 (64.9) 0.004
ICU LOS, mean (SD), days 17.9 (57.1) 12.0 (14.5) 14.1 (34.8) 0.089
Ventilator, mean (SD), days 63.3 (141.3) 20.2 (15.2) 36.2 (87.3) <0.001
Nosocomial infection, n (%) 9 (22.0) 1 (1.9) 10 (10.5) 0.002
Pneumonia, n (%) 5 (12.2) 1 (1.9) 4 (4.2) 0.081
UTI, n (%) 3 (7.3) 0 (0) 3 (3.2) 0.077
Bloodstream, n (%) 1 (2.4) 0 (0) 1 (1.1) 0.432
Decubitus ulcer, n (%) 2 (4.9) 3 (5.6) 5 (5.3) 0.884
Spine stabilization, n (%) 22 (53.7) 38 (70.4) 60 (63.2) 0.094
Mortality, n (%) 4 (9.8) 1 (1.9) 5 (5.3) 0.087
Adjusted  mortality†, n (%) 4 (9.8) 0 (0) 4 (4.3‡) 0.033
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Discussion

TSCIs are devastating life-changing events, and while 
relatively uncommon, represent a major health care bur-
den. Since the 1920s, the American College of Surgeons 
has developed and dedicated efforts to improve quality of 
care to the injured. Specialized centers have traditionally 
maintained comprehensive integrated teams and health-
care delivery models to enhance care with clinical team 
decision-making, the mainstay of developing an MDT. Our 
study reports the benefit of the MDT approach to a patient 
specific trauma population, which can potentially benefit 
all hospital trauma systems.

To improve patient outcomes, several hospital specialties 
have implemented multidisciplinary in-hospital teams with 
improvement in patient outcomes [5–10]. Approximately 
80% of cancer patients in England are assessed by an MDT, 
compared to 20% 10 years prior [10]. Carling et al. series 
instituted similar principles and practices with a multidis-
ciplinary antibiotic management program to help minimize 
their inappropriate use and thereby decrease nosocomial 
infections and resistance [7]. The concept of multidisci-
plinary cancer conferences (MCC) was also designed to 
enhance patient management and to optimize outcomes 
through inter- and intra-disciplinary discussions similar to 
that of the MDT approach [6]. The common conclusion 
interpreted by Croke et al. was that multidisciplinary clin-
ics, conferences, and MDTs are associated with improved 
survival [6].

Mandates for multidisciplinary assessment exist in sev-
eral healthcare models predominately with oncologic care. 
The Commission on Cancer of the American College of 
Surgeons makes MCCs mandatory for the accreditation of 
hospitals responsible for providing multidisciplinary can-
cer care [8]. At the same time, the UK National Institute 
for Health and Clinical Excellence (NICE) encourages the 
management of all cancer patients by specialty-specific 
multidisciplinary teams. Several studies clearly demon-
strate improvement in outcomes with coordinated treat-
ment plans associated with MDTs and cancer patients [5, 
6, 8–10].

Although acute trauma care in the United States may not 
be labeled as MDTs, a daily collaborative team approach is 
observed between the trauma team leader who coordinates 
treatment among the nursing staff and subspecialties, such 
as interventional radiology, orthopedics, anesthesiology, 
and emergency medicine [11, 12]. Since 2012, 117 Level 1 
and Level 2 trauma centers have opened in the U.S., bring-
ing the total of such facilities to more than 520, according 
to the American Trauma Society [13]. The resources avail-
able at a trauma center can be costly, requiring continu-
ous staffing regardless of patient volume [14]. The future 
viability of trauma centers is vulnerable to the escalating 
cost of care provided to uninsured patients [14]. The unfor-
tunate reality for many trauma facilities in the United States 
is that resources remain limited primarily by rising health-
care cost which are often reflected by the lack of additional 
hospital personnel support.

A major drawback with the pre-SCIS era was the lack of 
stability by the frequent alternating staff which included the 
trauma surgeon, physician assistant, pharmacist, therapists, 
and nursing staff and in some cases due to lack of staff-
ing. These inconsistencies fell far short of fitting any needs 
of the spinal cord injured patient as demonstrated in our 
series. The post-SCIS provided a permanent structured staff 
characterized by the same trauma attending, clinical phar-
macist, rehabilitative therapists, and social worker. All staff 
volunteered to remain as permanent members of the SCIS 
MDT as budgeting included more staffing, our first step to a 
successful program. At the same time, our facility instituted 
computerized TSCI admission order sets which thereby 
eliminated any variability in treatment by the admission 
trauma surgeon.

According to the 2013 Healthcare Cost and Utilization 
Project Internet tool (HCUPnet), a mean charge for a spi-
nal cord injury hospitalization totaled $189,354 [15]. Jain 
et al. proposed that no relationship was found between total 
charges and patient sex or age; however, a difference did 
exist with the type of cord injury treated [16]. At the same 
time, Baaj et al. when comparing SCI to a non-SCI group, 
there was approximately a threefold increase in hospital 
charges [17]. Our overall HLOS decreased by 11.8 days and 

Table 4  Summary of discharge 
disposition

*p ≤ 0.05, significant

Pre-SCIS (n = 41) Post-SCIS (n = 54) All (N = 95) p*

Rehabilitation
 Specialized spinal rehab, n (%) 4 (9.8) 16 (29.6) 20 (21.1) 0.023
 General rehab, n (%) 13 (31.7) 15 (27.8) 28 (29.5) 0.677

Skilled nursing facility, n (%) 2 (4.9) 1 (1.9) 3 (3.2) 0.576
Long-term acute care, n (%) 1 (2.4) 5 (9.3) 6 (6.3) 0.231
Hospital transfer, n (%) 2 (4.9) 4 (7.4) 6 (6.3) 0.696
Home, n (%) 15 (36.6) 12 (22.2) 27 (28.4) 0.124
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ICU LOS by 6.0 days, with an average of 43.1 less ventila-
tor days associated with SCIS implementation, an assumed 
total cost savings benefit to our institution. The Centers for 
Medicare and Medicaid Services (CMS) address no pay-
ment for treatment of hospital-acquired infections. Pressure 
ulcer stages III and IV, as well as, urinary and vascular-
associated catheter infections are familiar problems in TSCI 
patients, potentially associated with lost payment claims for 
healthcare facilities. By CMS definition, our SCIS had less 
CMS reported events; therefore, appropriate payments were 
provided without consequence [18].

The integration of the SCIS extended our relationship to 
regional spinal rehabilitation centers, where 29.6% of those 
discharged to rehab were to spinal rehab centers, compared 
to 9.8% prior to its application. On the other hand, previ-
ous series report approximately 50% of patients with SCIs 
will still require continued care at a skilled nursing facility 
(SNF) after hospital discharge [19]. The inpatient hospital 
MDT model could conceivably stand promising in the post-
hospital setting if similar principles are established and 
appropriate personnel available.

Despite progressive understanding of SCI and advances 
in surgical treatment, Baaj et  al. address cervical spine 
injury patients with lack of improvement in status at dis-
charge, resulting in no significant changes with LOS, in-
hospital mortality rate, or need for SNF after discharge 
[17]. While no statistical significance was evident in our 
study regarding mortality, our single post-SCIS death 
resulted from a withdrawal of care at family’s request. The 
use of MDT limits adverse events, improves overall patient 
outcomes, and adds to patient and employee satisfac-
tion [20–22]. The clinical application of an MDT to TSCI 
stems from the overall success experienced in other health-
care models. Our clinical performance improvement was 
directly related to the SCIS and the HLOS, ventilator free 
days, nosocomial infections, and overall mortality.

In the current literature, known determinants of reha-
bilitation outcomes in patients with SCI include: age, sex, 
race, neurological level and extent of the lesion, num-
ber of associated injuries, mechanical ventilation, and 
employment status and education level at time of injury 
[1, 23]. TSCIs at first impression to patients and families 
appear life-limiting. Development of the TSCI service 
provided an effective outlet for patients, families, and 
healthcare staff to express concerns while also provid-
ing psychosocial and informative support. Hwang et  al. 
patient- and family-centered satisfaction survey displayed 
improvements by the availability of family meetings and 
physician communication [24]. Our study provides a 
unique experience and a relatively feasible project that 
involves already established specialties services, includ-
ing: physical, occupational, and respiratory therapist, a 

nutritionist, pharmacist, neurosurgical and orthopedic 
services, a wound care specialist and dedicated case man-
agement. The key principles to our MDT biweekly SCI 
service include:

•	 collaboration of surgical specialist and other allied 
healthcare professionals;

•	 development and implementation of SCI bundle order 
sets for standardization of care;

•	 coordination of operative interventions between surgi-
cal services;

•	 patient care and family education: expected inpatient 
goals and mental health care needs;

•	 social lifestyle changes at discharge: personal mobility 
and residential modifications.

Findings in our study should be interpreted in light of 
its limitations. Our study was retrospective in nature and 
utilized only the data from a single trauma center. We 
did not differentiate a cumulative summary of injuries, a 
factor that can lead to longer hospitalizations. The con-
sistent use of a defined spinal injury classification sys-
tems such as the AOSpine fracture classification or the 
American Spinal Injury Association (ASIA) impairment 
scale for SCI impairment was not compared as the ASIA 
score was not utilized until the development of the SCIS. 
However, we believe that this was represented in our 
mean ISS (± SD) among the two groups: pre-SCIS ISS 
18.5 ± 11.5 and post-SCIS ISS of 22.1 ± 9.1 (p = 0.097), 
which did not underestimate the severity of injury among 
the two groups (Table  1). The majority of our patient 
population consisted of young patients, which may not be 
a clear representation of other treating facilities. With an 
aging population, SCI incidence may increase among the 
elderly over time. This may warrant further prospective 
studies to reinforce the importance of an MDT approach 
to TSCI patients in both pre- and post-hospital settings.

In conclusion, our findings underline the need for a 
TSCI service at busy treating facilities. The application 
of a SCIS team, in addition to the trauma service, sug-
gests that a structured coordinated approach to this injury 
specific patient population can have an expected improve-
ment in hospital outcomes and shorter length of stays. 
We believe that this clinical collaboration provides dis-
tinct specialist perspectives and, therefore, optimizing 
quality improvement.
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