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ABSTRACT 

	Aims: We aim to look into the outcome of steroid therapy in patients with traumatic cervical cord injuries undergoing surgery at a single center.
Study design:  Retrospective cross-sectional study.
Place and Duration of Study: Department of spine surgery Hospital Sultan Ismail, Johor between January 2017 to February 2025
Methodology: A total of 76 patients (51 men, 25 women; age range 21-68 years) with cervical spinal cord injury were included. Demographic data, American Spinal Injury Association (ASIA) motor score and injury grade on day 3, 30, 90, 180, and steroid related complications were recorded. Steroid protocol used was Methylprednisolone sodium succinate (MPSS) bolus of 30mg/kg over 1 hour and infusion of 5.4mg/kg for 23 hours if patients presented within 8 hours of injury or intravenous Dexamethasone boluses 8mg 8 hourly for 72 hours if they present after 8 hours.
Results:A total 48 patients (63.2%) received steroid therapy, and 28 patients (36.8%) did not receive steroid therapy. Majority of patients presented with ASIA A with 29 (38.2%)  followed by ASIA D with 20 patients (26.3%), ASIA B with 18 patients (23.8%) and ASIA C with only 9 patients (11.8%). Distribution of surgery performed had 28 patient receiving anterior surgery (36.8%) and 48 patients receiving posterior surgery (63.2%). There were more complications in the steroid group compared to the non-steroid group (9,3) however it was not statistically significant (P=0.64). Motor grade recovery recorded a progressive gain over the time with the peak gain noted at 6 months injury, there was no statistical difference between the steroid and non-steroid group (P=0.25) with mean grade recovery of +35  14.6  and +30  14.4 respectively. Among the ASIA scale, motor grade recovery at 6 months was the highest in ASIA C with +25  10.1 and +19  8.3 among the steroid and non-steroid group respectively (P=0.42). ASIA scale improvement rates were also the highest in ASIA D and ASIA C with more than 66% improvements with no difference among steroid and non-steroid groups, p-value was not significant in calculation as the size of subgroups were very small.
Conclusion: In conclusion, steroid use may be beneficial in traumatic spinal cord injury, however careful patient selection should be observed as steroids are associated with a higher rate of complications. This study is a good pilot project for further future studies looking into steroids and spinal cord injuries.
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1. INTRODUCTION 

Spinal cord injury is one of the most debilitating injuries resulting in loss in motor, sensory and voluntary bowel and bladder control. Current management of spinal cord injuries are focused mainly to rehabilitate patients with no definitive predictors of recovery. Therefore any therapy that promises recovery of any neurological function is greatly needed. The age old dilemma of intravenous steroid usage in spinal cord injuries still remains unsolved with equivocal recommendations and practices. Spinal cord injury happens in two stages; the primary insult, direct mechanical damage from trauma, motor vehicle accidents and falls which results in cell death and dysfunction. Secondary injury occurs directly after causing extension of the neural injury via complex immunomodulators leading to inflammation which increases the site of primary damage. Secondary injury can be further subclassified into acute (within 48hours), subacute (2 - 14days), intermediate (14 days to 6 months) and chronic ( more than 6 months).1

During the acute phase there is gross swelling, hematoma, and oedema formation leading to compression of the neural structures and vascular supply to the cord, this events attracts inflammatory cells which results in the secretion of many cytokines. The injury neural tissue also loose ionic haemostatic capabilities leading to influx of intracellular calcium ions resulting to apoptosis. Apoptosis results in cellular materials leaking out adding to the pro-inflammatory conditions with the introduction of reactive oxygen species and lipid peroxidation leading to exponential propagation of the injured area. In the subacute phase, the accumulation of edema now obstructs arterial supply and more apoptosis occurs. This inflammation is crucial to the control the lesion size, as surrounding astrocytes interweave and form a barrier towards the expanding injury site. Although it prevents further inflammation to cause neural injury this scarring has a detrimental effect preventing axonal regeneration.

Glucocorticoids has been the longest pharmacological substance studied in the treatment of spinal cord injuries with the aim of reducing inflammation and preventing secondary injury to the cord based on its success in reducing cerebral edema. Steroids have also shown to be neuroprotective and also promoting vascular perfusion especially glucorticoids. Despite its benefits, steroid also do come with its shortcomings related to increased risks of infections, gastrointestinal mucosal bleeding and pulmonary embolism. In this study we aim to look at the outcome of steroid usage in patients with traumatic cervical spinal cord injury that underwent surgery in our centre.2

2. material and methods 

2.1 Patient selection
A retrospective analysis was conducted to patients who underwent surgery for cervical spinal cord injuries from January 2017 to February 2024 in a single center. Inclusion criteria included patients with traumatic cause, aged above 21 years, had complete follow-up with ASIA charting scores. Patients with cord injuries from tumours, infections and intradural lesions, presence of brain injury, limb injuries or diseases which impair movements were excluded. Data collected were demographic data, type and dosage of steroid, ASIA motor grade and injury scale at day 3, 30, 90, 180 and complications (gastrointestinal bleed, wound breakdown, sepsis and infection). Surgical options were best tailored for each patient based on discussion among spine consultants  in the centre. 
2.2 Steroids used
In our center the steroid regime is based on the time from injury, in patients presenting within 8 hours of injury Methylprednisolone sodium succinate (MPSS) bolus of 30mg/kg over 1 hour and infusion of 5.4mg/kg for 23 hours is used. For patients presenting after 8 hours intravenous  Dexamethasone boluses 8mg 8 hourly for 72 hours. 

2.3 ASIA motor scoring and ASIA impairment scale
ASIA motor score was performed by the examining consultant and grading done based on the medical research council grading system where 0 meant no muscle contraction, 5 indicating normal muscle strength and 3 being the lowest score for antigravity muscle activity. ASIA impairment scale ranges from A to E with A being complete neurological injury with no motor, sensory or sacral function and E being totally normal with no deficits.

2.4 Statistical analysis
Continuous variables were presented as mean with standard deviations; categorical variables were presented as number counts. One-way ANOVAs, independent t-test and chi-square tests were used to evaluate the differences. Statistical analyses were performed with SPSS software (version 24.0, IBM Corp.)


Figure 1: Flowchart of methodology


3. results and discussion

3.1 Results

A total of 146 patient with traumatic spinal cord injury were identified from the electronic medical registry, upon of which 70 were excluded, 36 had other injuries which may interfere with motor grade testing, 28 did not undergo surgical intervention and 6 of them did not have complete medical records or follow-up. Among the 76 patients that met inclusion criteria 51 (67.1%) were males and 25 (32.9%) were females. The mean age for the steroid and non-steroid cohorts were  42.3  17.0 and 48.4  16.9 respectively. A total 48 patients (63.2%) received steroid therapy and 28 patients (36.8%) who did not receive steroid therapy. Majority of the patients presented with ASIA A with 29 (38.2%)  followed by ASIA D with 20 patients (26.3%), ASIA B with 18 patients (23.8%) and ASIA C with only 9 patients (11.8%). Distribution of surgery performed had 28 patient receiving anterior surgery (36.8%) and 48 patients receiving posterior surgery (63.2%), although posterior surgery was preferred, there was no difference among the subgroups (P=0.88). Complications were more in the steroid group compared to the non-steroid group however it was not statistically significant, steroid group had 4 patients (5.3%) with wound dehiscence, 2 patients (2.6%) with upper gastrointestinal bleeding and 6 patients (7.9%) with sepsis. The non steroid group had 1 patient (3.6%) with wound dehiscence and 2 patients (7.1%) with sepsis. Among the steroid group, 28 patients received MPSS (58.3%) and 20 patients received dexamethasone (41.7%). (Table 1)
Motor grade recovery recorded a progressive gain over the time frames studied, with the peak gain noted at 6 months injury, there was no difference between the steroid and non-steroid group (P=0.25) with mean grade recovery of +35  14.6  and +30  14.4 respectively.  (Table 2) Among the ASIA scale, motor grade recovery at 6 months was the highest in ASIA C with +25  10.1 and +19  8.3 among the steroid and non-steroid group respectively.(P=0.42) Among the selected time data points, the 6-month point showed the most gain of motor grade compared to other time grades with no difference among steroid and non-steroid groups. (P=0.46) (Table 3) ASIA scale improvement rates were also the highest in ASIA D and ASIA C with more than 66% improvements with no difference among steroid and non-steroid groups, p-value was not significant in calculation as the size of subgroups were very small. (P=1) (Table 4)

Table 1.	Demographic data among patients
	Variables
	Total cohort
	Steroid group
	No steroid
	p-value

	No of patients
	76
	48 (63.2%)
	28(36.8%)
	-

	Age
	44.7  17.1
	42.3  17.0
	48.4  16.9
	 0.135

	Gender
Male
Female
	
51 (67.1%)
25 (32.9%)
	
29 (56.9%)
19 (76%)
	
22 (43.1%)
6 (24%)
	 0.104

	ASIA impairment scale
A
B
C
D
E
	
29 (38.2%)
18(23.7%)
9(11.8%)
20 (26.3%)
0
	
19(39.6%)
13(27.1%)
2(4.1%)
14 (29.2%)
0
	
10 (35.7%)
5 (17.9%)
7 (25%)
6 (21.4%)
0
	0.088

	Surgery performed
Anterior
Posterior
	
28 (36.8%)
48 (63.2%)
	
18(37.5%)
30 (62.5%)
	
10 (36.7%)
18 (64.3%)
	
0.876

	Complications
Wound dehiscence
GI bleed
Sepsis
	
4 (5.3%)
2 (2.6%)
6 (7.9%)
	
3 (6.2%)
2 (4.2%)
4 (8.3%)
	
1(3.6%)
0
2 (7.1%)
	
0.641



Table 2: Motor score improvement table based on timepoint
	Timepoint
	Steroid group motor gain 
	No steroid group motor gain 
	p-value

	Day 3
	+3  2.1
	+2  2.8
	0.183

	1 months
	+15  8.6
	+12  8.3
	0.146

	3 months
	+22  12.1
	+18  10.4
	0.151

	6 months
	+35  14.6
	+30  14.4
	0.254



Table 3: Motor score gain based on baseline AIS at 6 months
	Baseline AIS
	Steroid group motor gain 
	No steroid group motor gain 
	p-value

	AIS A
	+10  8.3
	+7  6.2
	0.332

	AIS B
	+18  11.6
	+14  12.1
	0.321

	AIS C
	+25  10.1
	+19  8.3
	0.417

	AIS D
	+15  8.6
	+12  7.9
	0.461



Table 4: AIS grade conversion based on baseline AIS at 6 months

	Baseline AIS
	Steroid group conversion rate
	No steroid conversion rate
	p-value

	AIS A -> B/C/D
	3(15.7%)
	2(10.5%)
	1.00

	AIS B -> C/D
	5 (38.4%)
	2 (40.0%)
	1.00

	AIS C -> D/E
	2(100%)
	5 (71.4%)
	1.00

	AIS D ->E
	10 (71.4%)
	4 (66.7%)
	1.00



3.2 Discussion

The role of glucocorticoids in the management of SCI as a immunomodulator is to control the inflammatory response during the secondary injury phase of traumatic SCI, it decreases free radical catalysed lipid peroxidation,  enhancing impulse conduction and neuronal excitability, improving blood flow, reducing oxidative stress, and modulating the immune response  and promotes an anti-inflammatory environment in the injured spinal cord tissues.3,1 Three landmark publications multicenter, double blinded, randomized controlled trials  were published, National Spinal Cord Injury Study (NASCIS-I in 1984, NASCIS-II in 1990, and NASCIS-III in 1997). In NASCIS-I they attempted to compare different dosages of MPSS (normal dose vs high dose) to treat SCI patients. Patients from both groups showed improvement of neurological outcome at 6 weeks and 6 months post injury, however there was no control group in this study. This study however also reported that the high dose group had higher mortality and increased wound related complications.4 NASCIS-II looked to compare three groups of patients, MPSS 30mg/kg bolus for 1 hour followed by 5.4mg/kg per hour for 23 hours, naloxone and control group, the significant finding was only derived from the post hoc analysis stating patients receiving MPSS within 8 hours of injury had statistically significant better AIS motor scores, pinprick and touch sensations. This has been the basis of the current MPSS dosing and treatment window of 8 hours that is practiced at the current times.5 In NASCIS-III they compared two groups MPSS dosing infusions for 24 and 48 hours and Tirilazad. There were different injury to steroid intervals and the paper concluded that MPSS initiated within 3 hours of injury only required 24 hours infusion and there was no benefit of extending to 48hours. In the and 3-8 hours from injury group 48 hour infusion of MPSS showed significant motor recovery compared to the 24 hour infusion. Tirilazad group showed improvement but was not statistically significant. There also was an statistically significant increased rate of complications in the 48 hour group in pneumonia and severe sepsis.6
Researchers also began studying the role of dexamethasone and SCI once it was widely being accepted as a medication to reduce cerebral oedema. In vitro study showed dexamethasone decreases apoptotic related cell death in injured spinal cord tissues in mice,7 it also inhibited the level of autophagy in the injured nerve cells in a dose-dependent manner.8 A study of 520 patients looking into dexamethasone versus no steroid therapy in spinal cord injury saw qualitative and quantitative improvement in neurological outcomes in the steroid group. However similar to the previous studies, the steroid group had also reported increased incidence of gastrointestinal bleeding and wound infections.9
With questionable methodology and patient protocols in the NASCIS trials, many begin reinvestigate the role of steroid in SCI and found disappointing results. A systemic review of the role of MPSS in the management of SCI in animal studies comprising of 62 studies revealed 54% of studies did not show any benefit of steroid administration, beneficial results in 34% and mixed results in 8% of studies.4 A meta-analysis with 1555 patients from 12 studies reported no statistical significant benefit of MPSS usage in SCI patients moreover reported an increased risk of complications such as hyperglycaemia and pneumonia similar to NASCIS findings.10	

	With conflicting opinions reported, there were many different opinions towards MPSS in SCI. A 2002-survey of 60 spine surgeons across Canada reported that among those surgeons who administer steroids for SCI, 53% did so because of peer pressure or fear of litigation.11 Trends of steroid use in US 2008 – 2018 based on the North American Clinical Trial Network (NACTN) registry showed a dramatic shift from pro steroid use in SCI from 70% to below 20% from the year 2010 onwards due to growing evidence of increased complications from MPSS administration. This trend however saw a reversal in the year 2017 and beyond once the more research on neuroinflammatory changes of secondary spinal cord injury begun to emerge and AO Spine guidelines which stated MPSS as a modality of choice in management of traumatic cervical SCI.12

	A publication in 2024 saw a survey of 593 orthopaedic surgeons, neurosurgeons and traumatologists from regarding the use of steroids in SCI in 2022 had 54% of participants favouring steroid administration. Among the group favouring steroids, 65% of them routinely administered MPSS, 32% administered Dexamethasone, and more than 50% of them took less than 8 hours as the critical time to administer the steroid therapy. A survey on different variations of SCI 84% used steroids to treat cases of central cord syndrome. When comparing steroid administration among the AIS injury scale, AIS A patients had the lowest rate of administration compared to other AIS groups, possibly due to the severity of concomitant injuries seen in AIS A patients that may predispose them from increased complications of steroids.13

After the NASCIS trials the MRC CRASH Trial is the biggest study looking into beneficial effects of high dose steroid based on the NASCIS-III dosing of 48 hour infusion versus placebo saline infusion in patients with traumatic brain injury. A total of 10,008 patients were enrolled however the study had to be terminated prematurely due interim analysis showing 21% mortality rate within two weeks of injury in the steroid group with an OR of 1.18 and p value of 0.0001. Although not looking into spinal cord injury specifically it was the largest prospective RCT in the 2000’s studying the effect of high dose MPSS vs placebo in injured neural tissue.14

The latest guideline by the AO Spine & Micheal Fehlings group came up with clinical practice guidelines for spinal cord injury patients in regards to recommendations to the use of MPSS. The three key takeaway messages from it were i) We suggest not offering a 24-hour infusion of high-dose MPSS to adult patients who present after 8 hours with acute spinal cord injury, ii) We suggest a 24-hour infusion of high-dose MPSS be offered to adult patients within 8 hours of acute spinal cord injury as a treatment option, iii) We suggest not offering a 48-hour infusion of high-dose MPSS to adult patients with acute spinal cord injury due to the high complication rate.15 The same group also conducted a systemic review and came up with three conclusions i) there were no differences in motor score change at any time point in patients treated with MPSS compared to those not receiving steroids; ii) when MPSS was administered within 8 hours of injury, pooled results at 6- and 12-months indicated modest improvements in mean motor scores in the MPSS group compared with the control group; and iii) there was no statistical difference between treatment groups in the risk of complications. In the review, modest improvements in ASIA motor scores of 3.21 points, (95% CI = 0.10 – 6.33; p = 0.04).16

Complications against MPSS use has been widely reported, the earliest from the NASCIS I RCT (n = 330) showed increased rates of surgical site and trauma site infections in patients receiving high doses of MPSS (1000 mg bolus and 250 mg every 6 h), (risk ratio [RR] = 3.6, p = 0.01)4  and also the 1990 NASCIS III RCT (n = 499) which had increased rates of severe sepsis (p = 0.02) and pneumonia (p = 0.07) in the 48 hour infusion regime of MPSS (when treatment was initiated within 3 to 8 h of injury) versus the 24 h treatment of MPSS (where treatment was initiated within 3 h of injury).5 A recent systematic review and meta-analysis however reported no difference in the pooled risk of death, wound infection, gastrointestinal haemorrhage, sepsis, pulmonary embolism, urinary tract infection, pneumonia, or decubiti, between MPSS groups and non-steroid groups when MPSS was given within 8 h of injury for a duration of 24 h according to the NASCIS II protocol. This findings are similar to our study where the steroid group had slightly more complications however it was not statistically significant (p = 0.641).15

An interesting take is to involve patients in the decision making of MPSS therapy, a study that retrospectively contacted SCI patients to survey if surgeons had discussed MPSS therapy during admission, out of 28 respondents who were able to communicate at the time of injury and presented within 8 hours of injury only two patients recalled being counselled for MPSS therapy (7%). They also reported that 59.4% of respondents felt small neurological benefits were very important to them and had little concern of the side effects. A small percentage of respondents (1.4%) stated that MPSS should not be given to SCI patients regardless of its severity.17 This report helps to remind us to involve patients in the decision making  of their treatment when the conditions allow.

There are many limitations of this study, firstly patients present with various degrees of spinal cord injury leading to heterogenicity among the AIS groups. Our patients were subjected to different surgical treatment options and it may be taken as a confounder contributing to the difference in neurological recovery. Timing of surgery was also variable factor in this study due to the challenges in logistics surrounding the critical care of patients, and their fitness for surgery. In a nutshell, based on the current body of literature, we believe that MPSS 30mg/kg bolus over 1 hour and 23 hour infusion is beneficial presenting within 8 hours of injury is beneficial to a subset of patients who are able to tolerate it. Patients beyond 8 hours may benefit from IV Dexamethasone 8mg TDS, however these patients will need close monitoring and prophylactic management should commence anticipating potential complications.

4. Conclusion

Based on our patient cohort, steroid use may be beneficial in traumatic cervical spinal cord injury, however careful patient selection should be observed as steroids are associated with a higher rate of complications. An ideal candidate would be a younger patient presenting within 8 hours with an ASIA C or ASIA D spinal cord lesion. This study is a good pilot project for further future studies looking into steroids and spinal cord injuries, to draw a strong recommendation, it would be best for it to be a prospective study with homogenous cohorts.
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Definitions, Acronyms, Abbreviations

SCI = Spinal cord injury
MPSS = Methylprednisolone sodium succinate
ASIA = American spinal cord injury association
AIS = ASIA impairment scale
NASCIS = National acute spinal cord injury study




APPENDIX



Spinal cord injury 
2017-2024 
(n=146)


Final cohort analyzed (n=76)


Exclusion (n=70)
1. other injuries (n=36)
2. no surgery (n=28)
3. Incomplete followup (n=6)


Methylprednisolone (n=26)


Dexamethasone (n=18)


No steroids
(n=32)


