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Abstract and Introduction
Abstract

Objective. To examine the magnitude of the adverse impact of high-dose methylprednisolone treatment in patients with
acute cervical spinal cord injury (SCI).
Methods. We examined the abstracted data from the Japanese Diagnosis Procedure Combination database, and
included patients with ICD-10 code S141 who were admitted on an emergency basis between 1 July and 31 December
in 2007–2009. The investigation evaluated the patients' sex, age, comorbidities, Japan Coma Scale, hospital volume
and the amount of methylprednisolone administered. One-to-one propensity-score matching between high-dose
methylprednisolone group (>5000 mg) and control group was performed to compare the rates of in-hospital death and
major complications (sepsis; pneumonia; urinary tract infection; gastrointestinal ulcer/bleeding; and pulmonary
embolism).
Results. We identified 3508 cervical SCI patients (2652 men and 856 women; mean age, 60.8±18.7 years) including
824 (23.5%) patients who received high-dose methylprednisolone. A propensity-matched analysis with 824 pairs of
patients showed a significant increase in the occurrence of gastrointestinal ulcer/bleeding (68/812 vs 31/812; p<0.001) in
the high-dose methylprednisolone group. Overall, the high-dose methylprednisolone group demonstrated a significantly
higher risk of complications (144/812 vs 96/812;OR, 1.66; 95% CI 1.23 to 2.24; p=0.001) than the control group. There
was no significant difference in in-hospital mortality between the high-dose methylprednisolone group and the control
group (p=0.884).
Conclusions. Patients receiving high-dose methylprednisolone had a significantly increased risk of major complications,
in particular, gastrointestinal ulcer/bleeding. However, high-dose methylprednisolone treatment was not associated with
any increase in mortality.
Introduction

Methylprednisolone is one of the most investigated agents for its neuroprotective potential, and remains the only drug
used worldwide for acute spinal cord injury (SCI). The beneficial effect of high-dose methylprednisolone was initially
[1 2]
reported in a series of National Acute Spinal Cord Injury Studies (NASCIS) in the 1990s.
Specifically, NASCIS-2
compared 24 h of high-dose methylprednisolone (given as a bolus of 30 mg/kg over 15 min followed by a continuous
[1]
infusion of 5.4 mg/kg/h) with placebo in acute SCI patients. Patients receiving methylprednisolone within 8 h of injury
were reported to have greater neurologic improvement at 6 months. Results of NASCIS-3 further indicated slightly more
[2]
recovery following 48 h of treatment than after 24 h. Following publication of the NASCIS trials, the regimen of these
trials was rapidly adopted worldwide; however, subsequent debate over the efficacy and safety of high-dose
[3–5]
methylprednisolone treatment
has led to serious differences of opinion in the medical community, and considerable
[6–9]
variations in current practice.
[10]

According to a recent Cochrane review,
NASCIS-2 showed a weak trend towards an increase in complications,
including wound infection (OR 2.11; 95% CI 0.81 to 5.49) and gastrointestinal haemorrhage (OR 1.48; 95% CI 0.48 to
4.56). The high-dose methylprednisolone group showed slightly lower 180-day mortality than the control group (7/162 vs
12/171; OR 0.62 95% CI 0.25 to 1.53). On the other hand, NASCIS-3, comparing 24 h and 48 h methylprednisolone
administration, found a trend towards increased rates of severe pneumonia (OR 2.25; 95% CI 0.71 to 7.15) and sepsis
(OR 4.00; 95% CI 0.45 to 35.38) in the 48 h treatment group. Mortality was not significantly different between the two

2014/03/22 11:20 AM

2 of 9

http://www.medscape.com/viewarticle/821236_print

groups.
Although many studies following the NASCIS trials reported a trend toward increased complications after high-dose
[11–15]
methylprednisolone treatment,
the magnitude of its negative impact remains unclear. The reported incidence of
complications after high-dose methylprednisolone administration varied greatly between studies, primarily because of
small sample sizes and bias in selection of the study population. In addition, it is unknown whether high-dose
methylprednisolone negatively affects the survival of SCI patients. Despite widespread use of this treatment, information
from high-level evidence about the risks associated with high-dose methylprednisolone administration is lacking. We
therefore conducted a retrospective observational study based on a propensity score-matched analysis of data from a
nationwide administrative database to examine the risk of high-dose methylprednisolone treatment after acute cervical
SCI.

Methods
Diagnosis Procedure Combination Database

The Diagnosis Procedure Combination (DPC) is a case-mix patient classification system which was launched in 2002 by
[16]
the Ministry of Health, Labour and Welfare of Japan, and was linked with a lump-sum payment system.
All 82
university teaching hospitals are obliged to adopt this system, but adoption by community hospitals is voluntary. The
survey in the participating hospitals is conducted between 1 July and 31 December each year by the DPC research
group, in collaboration with the Ministry of Health, Labour and Welfare. In 2009, the number of participating hospitals
was 818 and the number of patients included was 2.57 million, which represented approximately 40% of all inpatient
admissions to acute care hospitals in Japan. The database includes administrative claims data and the following data:
unique identifiers of hospitals; patient age and sex; diagnoses, comorbidities at admission and complications after
admission recorded with text data in the Japanese language and the International Classification of Diseases, 10th
Revision (ICD-10) codes; consciousness level at admission measured with the Japan Coma Scale (JCS; see );
[17]
discharge status; and drugs administered.
In the DPC database, complications that occur after admission are clearly
differentiated from comorbidities that already present at admission. To optimise the accuracy of the recorded diagnoses,
physicians in charge are obliged to record the diagnoses with reference to medical charts. Because of the anonymous
nature of the data, informed consent was waived when this study was approved by the institutional review board at The
University of Tokyo.
19

Appendix. Japan Coma Scale for grading of impaired consciousness.

Grade

Consciousness level

1-digit
code

The patient is awake without any stimuli, and is:

1

Almost fully conscious

2

Unable to recognise time, place and person

3

Unable to recall name or date of birth

2-digit
code

The patient can be aroused (then reverts to previous state after cessation of stimulation):

10

Easily by being spoken to (or is responsive with purposeful movements, phrases, or words)*

20

With loud voice or shaking of shoulders (or is almost always responsive to very simple words like yes
or no, or to movements)*

30

Only by repeated mechanical stimuli

3-digit
code

The patient cannot be aroused with any forceful mechanical stimuli, and:

100

Responds with movements to avoid the stimulus

200

Responds with slight movements including decerebrate and decorticate posture

300

Does not respond at all except for change of respiratory rhythm

'R' and 'I' are added to the grade to indicate restlessness and incontinence of urine and faeces, respectively: for
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example; 100-R and 30-RI.
*Criteria in parentheses are used in patients who cannot open their eyes for any reason.
Patient Selection and Data

Using the DPC database, we identified patients who had an emergency admission to the participating hospitals with a
diagnosis of cervical SCI (ICD-10 code, S141) between July and December, 2007–2009. Patients who were transferred
from other hospitals were excluded. Although we were unable to confirm the presence of a neurological deficit in each
patient, miscoding is relatively unlikely because the DPC data are coded by physicians and subjected to an audit. The
list of drugs used during hospitalisation was reviewed for each patient, and we identified patients who started high-dose
methylprednisolone treatment for acute cervical SCI at admission and received a total of ≥5000 mg methylprednisolone
infusion. In Japan, many elderly patients who sustain a cervical SCI are lean. For a 40 kg person, the total dosage
amounted to 6168 mg in the NASCIS-2 protocol. Therefore, we set a cut-off value of 5000 mg. As a control group, we
identified cervical SCI patients who did not receive methylprednisolone, or those who received less than 500 mg
methylprednisolone during hospitalisation. We selected this cut-off value according to the definition of 'high-dose'
[18]
adopted by Sauerland et al
(>15 mg/kg (600 mg for a 40 kg person) or >1000 mg).
We assessed patient background, including age, sex, JCS score and Charlson Comorbidity Index (CCI). JCS 0 indicates
patients with alert consciousness; JCS one-digit codes (1–3) indicate patients who are drowsy but awake without any
stimuli; JCS two-digit codes (10–30) indicate patients with somnolence who can be aroused with some stimuli; JCS
[19]
three-digit codes (100–300) indicate coma.
The JCS and the Glasgow Coma Scale assessments are well correlated.
The CCI is a prognostic index as a means for quantifying the prognosis of patients enrolled in a large cohort, and is used
widely to measure the case-mix with administrative data. This index is based on a point scoring system (from 0 to 40) for
[20]
the presence of specific associated diseases. Quan et al
provided a validated chart showing how each comorbidity
[20]
corresponds to a set of ICD-10 codes.
Based on Quan's protocol, each ICD-10 code of comorbidity was converted
into a score, and was summed for each patient to determine CCI. Hospital volume was defined as the annual number of
patients with cervical SCI at each hospital.
Clinical outcomes included in-hospital deaths and major complications (sepsis (ICD-10 codes: A40, A41), respiratory
complications (pneumonia (J12-J18), postprocedural respiratory disorders (J95) or respiratory failure (J96)), pulmonary
embolism (I26), gastroduodenal ulcer/bleeding (K25, K26), urinary tract infection (N10, N30, N390)).
Statistical Analyses

We performed a one-to-one matching of patients in the high-dose methylprednisolone group and the control group on
[21]
the basis of estimated propensity scores of each patient.
The propensity-score approach addresses selection bias
that is inherent in retrospective observational studies, where outcomes can reflect a lack of comparability in treatment
groups rather than the effects of treatment. This approach tries to construct a randomised experimental-like situation
where treatment groups being contrasted are comparable for observing prognostic factors. Application of
propensity-score matching involves estimation of the propensity score followed by matching of patients according to their
estimated propensity score and comparison of outcomes in matched patients. To estimate the propensity score, we fitted
a logistic regression model for the receipt of high-dose methylprednisolone treatment as a function of patient
demographic and hospital factors, including age, sex, JCS score, CCI, receipt of cervical spinal surgery and hospital
volume. The C-statistic for evaluating the goodness-of-fit was calculated. Each patient in the high-dose
methylprednisolone group was matched with a patient in the control group with the closest estimated propensity on the
logit scale within a specified range (≤0.6 of the pooled SD of estimated logits) to reduce differences between treatment
[21]
groups by at least 90%.
Descriptive statistics of the patient population included proportions to describe categorical variables and the median and
2
IQR values to describe continuous variables. The χ test was used to compare categorical data and the Wilcoxon rank
sum test to compare continuous variables. Fisher's exact test was used to compare in-hospital mortality and major
complication rates between the high-dose methylprednisolone group and the control group. A logistic regression analysis
for major in-hospital complications was performed in the propensity score-matched patients to analyse the adjusted
effects of various factors, while also adjusting for clustering of patients within hospitals using a generalised estimating
equation. The threshold for significance was a p value<0.05. All statistical analyses were conducted using IBM SPSS
V.19.0 (IBM SPSS, Armonk, New York, USA).
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Results
We identified 3508 cervical SCI patients (2652 men and 856 women; mean±SD age, 60.8±18.7 years) who had an
emergency admission direct to the participating hospitals. Among them, we identified 824 (23.4%) patients who received
≥5000 mg methylprednisolone with initiation on the day of admission (high-dose methylprednisolone group). We also
identified 2101 patients treated without methylprednisolone, or with <500 mg methylprednisolone during hospitalisation
(the control group). By one-to-one propensity-score matching, 812 pairs of the high-dose methylprednisolone and control
groups were selected. The C-statistic for goodness-of-fit was 0.630 in the propensity-score model, which suggested a
moderately good fit.
shows the patient demographics of the unmatched and propensity-matched groups. In the unmatched groups, patients
who were male, younger, or with higher CCI were more likely to receive high-dose methylprednisolone treatment. The
high-dose methylprednisolone patients were admitted to hospitals of significantly higher volume than the control group.
The high-dose methylprednisolone group was significantly more likely to receive cervical spinal surgery. After
propensity-score matching, patient distributions were closely balanced between the high-dose methylprednisolone and
the control groups.
Table 1. Patient demographics in unmatched and propensity score-matched groups.

Unmatched group

Propensity-matched group

Control
(n=2101)

Control
(n=812)

High-dose methylp
prednisolone (n=824) Value

High-dose methylp
prednisolone (n=812) Value

1570
(74.7)

645 (78.3)

0.044 650 (80.0)

634 (78.1)

0.329

≤59

786 (37.4)

318 (38.6)

0.022 292 (36.0)

313 (38.5)

0.674

60–69

513 (24.4)

219 (26.6)

218 (26.8)

216 (26.6)

70–79

456 (21.7)

198 (24.0)

213 (26.2)

195 (24.0)

≥80

346 (16.5)

89 (10.5)

89 (11.0)

88 (10.8)

Sex (males, n (%))
Age (years, n (%))

Charlson Comorbidity Index (n (%))
1

1414
(67.3)

456 (55.3)

<0.001 464 (57.1)

456 (56.2)

2

508 (24.2)

287 (34.8)

279 (34.4)

276 (34.0)

≥3

179 (8.5)

81 (9.8)

69 (8.5)

80 (9.9)

0.638

Japan Coma Scale at admission (n (%))
0 (alert)

1811 (86.2)

689 (83.6)

0.085 692 (85.2)

1–3 (drowsy)

200 (9.5)

99 (12.0)

95 (11.7)

97 (11.9)

10–30 (somnolence)

36 (1.7)

20 (2.4)

15 (1.8)

18 (2.2)

100–300 (coma)

54 (2.6)

16 (1.9)

10 (1.2)

16 (2.0)

Cervical spinal surgery

221 (10.5)

189 (22.9)

Preoperative length of
stay (days, median
(IQR))

8 (1–17)

8 (1–18)

0.838

Use of tracheostomy

55 (2.6)

51 (6.2)

Hospital volume (per
year, median (IQR))

7 (4–12)

8 (4–13)

<0.001 192 (23.6)

681 (83.9)

0.622

178 (21.9)

0.408

8 (2–18)

8 (1–17)

0.683

<0.001

38 (4.7)

48 (5.9)

0.268

0.004

7 (4–13)

7.5 (4–13)

0.188

shows the in-hospital mortality and major complication rates in the unmatched and propensity-matched groups. Fisher's
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exact test in the propensity-matched groups showed no significant difference in in-hospital mortality between the
high-dose methylprednisolone and control groups (2.8% vs 3.0%, p=0.884). There was a significant difference in
gastrointestinal ulcer/bleeding (8.4% vs 3.8%, p=0.001) between the groups. The high-dose methylprednisolone group
demonstrated a significantly higher risk of overall major complications than the control group (17.7% vs 11.8%, p=0.001).
shows the results of logistic regression analysis for the occurrence of major complications. After adjustment for the
measured confounders, the high-dose methylprednisolone group was significantly more likely to have major
complications than the control group (OR, 1.66; 95% CI 1.23 to 2.24; p=0.001).
Table 2. In-hospital mortality and major complication rates in unmatched and propensity score-matched groups.

Unmatched group

Control
(n=2101)

Propensity-matched group

High-dose
methylprednisolone
(n=824)

p
Value

In-hospital mortality
(n (%))

71 (3.4)

23 (2.8)

Major complications
(n (%))

191 (9.1)

151 (18.3)

Respiratory
complications

84 (4.0)

53 (6.4)

0.006

Urinary tract
infection

52 (2.5)

29 (3.5)

16 (0.8)

Gastrointestinal
ulcer/bleeding
Pulmonary
embolism

Sepsis

Length of stay
(median (IQR))

0.485

Control
(n=812)

High-dose
methylprednisolone
(n=812)

24 (3.0)

p
Value

23 (2.8)

0.884

144 (17.7)

0.001

39 (4.8)

49 (6.0)

0.324

0.133

32 (3.9)

29 (3.6)

0.698

10 (1.2)

0.273

6 (0.7)

10 (1.2)

0.330

66 (3.1)

71(8.6)

<0.001

31 (3.8)

68 (8.4)

<0.001

1 (0.05)

4 (0.5)

0.024

1 (0.1)

4 (0.5)

0.218

16 (6–37)

27 (10–52)

<0.001

23
(8–46)

26 (10–52)

<0.0

<0.001 96 (11.8)

Table 3. Logistic regression analysis of the occurrence of major complications in the propensity score-matched
groups.

OR

95% CI

p

Treatment
Control

Reference

High-dose methylprednisolone 1.66

1.23 to 2.24

0.001

0.38 to 0.86

0.007

Sex
Male

Reference

Female

0.57

Age
≤59

Reference

60–69

1.49

1.04 to 2.12

0.029

70–79

1.81

1.26 to 2.62

0.002

≥80

2.07

1.27 to 3.39

0.004

Charlson Comorbidity Index
1

Reference
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2

1.41

1.04 to 1.92

0.027

≥3

1.95

1.26 to 3.02

0.003

Japan Coma Scale at admission
0 (alert)

Reference

1–3 (drowsy)

1.51

0.99 to 2.31

0.059

10–30 (somnolence)

1.75

0.74 to 4.09

0.200

100–300 (coma)

4.55

2.06 to 10.06 <0.001

Cervical spinal surgery

1.95

1.44 to 2.64

<0.001

Hospital volume (per year)

1.01

0.99 to 1.03

0.550

Discussion
In this retrospective study using a national administrative database, patients receiving high-dose methylprednisolone
after cervical SCI had a significantly higher risk of complications than those without high-dose methylprednisolone
treatment. A propensity score-matched analysis revealed an increased risk of gastrointestinal ulcer/bleeding and overall
major complications in the high-dose methylprednisolone group. However, high-dose methylprednisolone treatment was
not associated with any increase in mortality.
Strengths and Weaknesses of the Study

The major strength of this study is the large size of our study sample. With a study population of 3508 patients with
cervical SCI, the current analysis is the largest to examine risks associated with high-dose methylprednisolone
administration. Use of the DPC database, which covers approximately 40% of all acute hospitalisations in Japan,
enabled us to conduct a nationwide investigation. In addition, the propensity score-matched analysis allowed us to
evaluate the risks of high-dose methylprednisolone treatment while controlling for confounding variables, an assessment
that prior studies have been unable to make.
Certain characteristics of the study subjects warrant mention. First, the mean age of the patients in this study was
substantially higher than in other SCI studies, which may be explained by the rapid aging of our society. Currently, the
geriatric population (those 65 years of age or older) accounts for approximately 23% of the Japanese population.
Second, the surgery rate reported in this study was markedly lower compared with that of North American or European
countries. The low surgery rate likely reflects differences in patient demographics and treatment strategy. In Japan,
approximately 70% of patients sustain a cervical SCI without bone injury, such as fracture or dislocation (mostly elderly
patients), and conservative treatment is recommended for these patients.
Our study has several limitations. First, as is common in studies using administrative data, coded diagnoses and
outcomes are less well validated than prospective surveys. A degree of misclassification or under-reporting of outcome
might have occurred in this study. Second, the DPC database does not provide important clinical data, such as severity
of paralysis (ie, Frankel classification) at admission, patient disability at discharge, and cause of death. We could not
confirm whether the administration of methylprednisolone conformed to the NASCIS protocol. Specifically, administrative
databases such as the DPC database and National Inpatient Sample provide only limited information on the baseline
neurological status, which is one of the most important factors that affect morbidity after SCI. It is possible that the
high-dose methylprednisolone group included patients with more severe impairment than the control group, which would
have created a bias toward overestimating the adverse effect of the high-dose methylprednisolone. Finally, although
propensity-score adjustment is currently recognised as the best analytical approach for retrospective observational data,
unmeasured confounders might have caused a hidden selection bias.
Comparison With Other Studies

Most published studies following the NASCIS trials indicated an increased overall complication rate after high-dose
[11–15]
[11–13 15]
[11 12]
methylprednisolone treatment.
Regarding specific complications, pneumonia,
infection,
and
[13]
gastrointestinal bleeding
are the most common complications reported in the literature, in patients receiving
high-dose methylprednisolone. However, available evidence on the adverse effects of high-dose methylprednisolone is
mixed, with substantial variation in reported incidences, and even conflicting results. There are several studies reporting
[22 23]
lower complication rates in high-dose methylprednisolone groups.
Major drawbacks of these previous studies were

2014/03/22 11:20 AM

7 of 9

http://www.medscape.com/viewarticle/821236_print

small sample size and lack of adjustment for confounding variables, which considerably limits the validity of their
conclusion.
In the present study, we first analysed the possible adverse impact of high-dose methylprednisolone treatment in SCI
patients using a large nationwide database. We then performed propensity score-matched analysis to adjust for potential
confounding factors. High-dose methylprednisolone was associated with a significantly higher risk of complications
(17.7% vs 11.8%, p=0.001) than control after adjustment for confounding variables. Specifically, we found a significant
increase in the occurrence of gastrointestinal ulcer/bleeding (8.4% vs 3.8%, p<0.001) in the high-dose
methylprednisolone group.
In this study, we observed slightly lower in-hospital mortality in patients receiving high-dose methylprednisolone (2.8% in
the methylprednisolone group vs 3.0% in the control group after propensity-score matching). The impact of high-dose
[24]
methylprednisolone on patient survival remains unclear. The CRASH trial,
a randomised trial which examined the
efficacy of high-dose methylprednisolone in the treatment of head injury patients, was prematurely terminated because
of increased 2-week mortality in the high-dose methylprednisolone group (21.1% vs 17.9%). However, it remains to be
determined whether these findings are generalisable to patients sustaining acute SCI. In fact, reported mortalities in SCI
[12 15
patients in the literature have been slightly more favourable in those with high-dose methylprednisolone treatment,
23]
[18]
although sample bias played a substantial role. Similarly, a meta-analysis
of 51 randomised trials of high-dose
methylprednisolone in elective and trauma surgery found reduced mortality compared with controls (1.7% vs 2.7%),
although it was not statistically significant. In our propensity score-matched analysis, no significant difference in mortality
was observed between the groups in spite of a significant increase in complication rate in patients receiving high-dose
methylprednisolone, which may be partly attributable to advances in intensive care and increased physician awareness
of steroid-related complications.
Implications for Future Research

We believe that the findings of our study will provide a basis for future research to re-examine the net benefit of
high-dose methylprednisolone treatment described in the NASCIS trials. The main criticism of the NASCIS trials is
two-fold: (1) there was no significant difference in the primary comparison; a significant but small benefit (ie, five points in
motor score) was found only after posthoc subgroup analysis; (2) there was a trend toward an increase in adverse
events, including pneumonia, infection and gastrointestinal bleeding in patients receiving high-dose methylprednisolone.
For the reasons stated above, current guidelines classify this treatment only as a therapeutic 'option', leaving the
decision to adopt or avoid this treatment up to individual physicians. Despite the apparent need for a randomised study
of better design with sufficient power to examine whether the beneficial effect of high-dose methylprednisolone is
reproducible, no such study has been conducted mainly because of ethical and safety concerns. With a dearth of
effective alternative therapeutic options, we believe that a strong case exists for a randomised placebo-controlled trial
re-examining the potential benefit of high-dose methylprednisolone in patients sustaining SCI. The results of our study
showed that high-dose methylprednisolone treatment was not associated with any increase in in-hospital mortality,
despite a significant increase in complications, a finding that further justifies future randomised trials in carefully selected
patient population. To minimise the heterogeneity of the study population, future trials should focus on patients with
incomplete SCI, in whom a beneficial effect was observed in the NASCIS trial. According to an estimate by the
[25]
International Campaign for Cures of Spinal Cord Injury Paralysis,
it would require about 450 subjects with incomplete
motor cervical SCI in each arm of the study to show a statistically significant difference of five American Spinal Injury
Association motor points between the experimental and control groups. It would clearly require a multi-institution
collaboration to carry out this project.

Conclusion
Despite controversies lingering for more than two decades since the publication of the NASCIS trial, risks and benefits of
high-dose methylprednisolone treatment remain unclear with limited high-level evidence. In this study, we focused on
safety concerns of high-dose methylprednisolone treatment, and first clarified the magnitude of its adverse impact by
using a large nationwide database. There was a significantly increased risk of major complications, in particular,
gastrointestinal ulcer/bleeding, with high-dose methylprednisolone, but no increase in in-hospital mortality. We believe
that the findings of our study provides critical information on the risks associated with high-dose methylprednisolone
administration in patients with SCI, and thus, may help physicians make a more informed decision on the use of this
highly controversial treatment.
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