
Risks and Benefits of Preoperative
High Dose Methylprednisolone in
Surgical Patients
A Systematic Review

Stefan Sauerland,1 Manfred Nagelschmidt,1 Peter Mallmann2 and Edmund A. M.
Neugebauer1

1  Biochemical and Experimental Division, 2nd Department of Surgery, University of Cologne,
Cologne, Germany

2  Department of Gynaecology and Obstetrics, University of Cologne, Cologne, Germany

Abstract Background: A single preoperative high dose of methylprednisolone (15 to 30
mg/kg) has been advocated in surgery, because it may inhibit the surgical stress
response and thereby improve postoperative outcome and convalescence. How-
ever, these potential clinical benefits must be weighed against possible adverse
effects.

Objective: To conduct a risk-benefit analysis using a meta-analysis, to compare
complication rates and clinical advantages associated with the use of high dose
methylprednisolone in surgical patients.

Methods: Randomised controlled trials of high dose methylprednisolone in elec-
tive and trauma surgery were systematically searched for in various literature data-
bases. Outcome data on adverse effects, postoperative pain and hospital stay were
extracted and statistically pooled in fixed-effects meta-analyses.

Results: We located 51 studies in elective cardiac and noncardiac surgery, as well
as traumatology. Pooled data failed to show any significant increase in compli-
cation rates. In patients treated with corticosteroids, nonsignificantly more gas-
trointestinal bleeding and wound complications were observed; the 95% confidence
interval boundaries of the numbers-needed-to-harm were 59 and 38, respectively.
The only significant finding was a reduction of pulmonary complications (risk dif-
ference –3.5%; 95% confidence interval –1.0 to –6.1), mainly in trauma patients.

Conclusion: For patients undergoing surgical procedures, a perioperative single-
shot administration of high dose methylprednisolone is not associated with a signif-
icant increase in the incidence of adverse effects. In patients with multiple fractures,
limited evidence suggests promising benefits of glucocorticoids on pulmonary
complications.
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Glucocorticoids have many important physio-
logical effects, which explains their therapeutic use
in a wide variety of clinical situations. Today, about
0.5% of the general population continuously take
a corticosteroid medication,[1] although corticoste-
roids have many well recognised adverse effects,
most of which are dependent on dosage and dura-
tion of therapy.[2-5] Those, however, who generalise
from glucocorticoid adverse effects during contin-
uous administration, probably exaggerate the ad-
verse effect rate during short term and single-shot
administration (‘steroid-phobia’).[6,7]

While treatment with low, medium and high
dose corticosteroids is routine in many diseases,
glucocorticoids are currently being studied in sur-
gery in an even higher dosage: by administering a
single or repeated intravenous high dose of methyl-
prednisolone sodium succinate (MPSS) researchers
try to block the pathways by which immunoactiva-
tion causes cellular damage and undesired clinical
outcomes.[8,9] Adose of 15 to 30 mg/kg is necessary
to reach these nongenomic, membrane-stabilising
effects.[10-13] While corticosteroids (given as a high
dose bolus and followed by an infusion for 1 day)
are already established as effective in spinal cord
injury,[14-16] they have been shown to be of little or
even no benefit in traumatic brain injury.[17] Fur-
thermore, cardiac surgeons have been using high
dose MPSS since 1975 in patients undergoing cor-
onary artery bypass to mitigate the consequences
of ischaemia-reperfusion-injury.[18] Within the same
decade, Scandinavian surgeons began to use MPSS
in patients with multiple injuries,[19,20] and in tho-
racic,[21] abdominal[22] and joint surgery.[23]

The pathophysiological background of this treat-
ment has been extensively studied both in animals
and humans. Many immunological and inflammat-
ory markers have been found to be suppressed by
glucocorticoid pretreatment, such as nitric oxide,
adhesion molecules,[8] granulocyte adhesion,[24] in-
terferon-γ, interleukin-1β, 2, 3, 5, 6, and 8, tumour
necrosis factor,[25] as well as bradykinin, histamine,
serotonin and eicosanoids.[26] Because glucocorti-
coid suppression protects the organism from the me-
diator response to surgical trauma, it presumably

also may lead to less pain and fatigue,[27] and finally
a shorter hospital stay and quicker recovery time
for the patient.[28]

We wanted to compare these possible benefits
against the adverse effects of high dose MPSS in
elective surgery and trauma patients, who pre- or peri-
operatively received a single infusion or short term
course (≤3 days) of MPSS. We therefore performed
a systematic review of the literature with subsequent
meta-analysis to assess the net benefit of glucocor-
ticoid treatment.[29,30]

Methods

Study Inclusion Criteria

All randomised controlled trials that compared
high dose MPSS with placebo or no treatment in pa-
tients undergoing surgery were considered as po-
tentially relevant. As ‘high dose’, we defined any
intravenous dose exceeding 15 mg/kg or 1g MPSS
given as a single or repeated dose within a maxi-
mum of 3 days and discontinued afterwards. We did
not include studies that recruited patients who rou-
tinely required intensive care at study entry, be-
cause the incidence of adverse effects may be much
higher in these patients. Similarly, we excluded tri-
als, that concerned only a very small operative in-
tervention, which usually is performed on an out-
patient basis (mainly oral and facial surgery). Thus,
in all included studies patients have a comparable
medium severity of injury and immunoactivation,
caused either by surgery or by trauma.

For the analysis of potential adverse effects we
concentrated on the most important ones. We used
the outcome definitions of the primary studies to
define: (i) significant gastrointestinal bleeding;
(ii) infection, bleeding, leakage, or seroma of a
wound; (iii) pulmonary complications, for exam-
ple pneumonia, fat embolism syndrome, adult re-
spiratory distress syndrome, or any other respira-
tory failure; (iv) psychiatric complications, for
example psychotic or affective disorders. (v) symp-
tomatic avascular bone necrosis proven by x-ray and;
(vi) death from any cause. Hyperglycaemia and hy-
potension were not included, because these clinical
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events are of varying severity and relevance, and are
described only inadequately in the primary trials.

Only the trials on preoperative MPSS adminis-
tration in elective noncardiac surgery were used to
assess the benefits of this treatment regimen in these
patients. Here we extracted the data on postopera-
tive pain at rest, fatigue,[31] mobilisation, and hos-
pital stay. Patient-relevant outcome data for cardiac
and trauma surgery patients were not analysed, since
the clinical course in these patients is determined
by very different factors than in other types of sur-
gery. (Clinical data are also not recorded in most
of these cardiac and trauma surgery papers, as it later
turned out.)

Literature Search and Statistical Analysis

Our primary tool for the literature search was
the internet-based Medline-database ‘Pubmed’. To
search for relevant articles we combined the med-
ical subject heading ‘methylprednisolone’with the
publication type ‘randomised controlled trial’. A
similar search was performed in the Cochrane Li-
brary (Version II/2000). Both searches were most

recently repeated in August, 2000. The references
of all articles and 2 related Cochrane reviews were
checked for further studies.[16,17] Additionally we
contacted Hoechst Marion Roussel Germany Inc.,
the producer of a commonly used MPSS (Urbason®),
and asked for further information on relevant trials.

Study selection, data extraction, and data entry
were performed by a single observer. When there was
doubt whether a paper should be included, the de-
cision was made by a second investigator who was
unaware of the study results. We grouped the arti-
cles into 3 categories (table I). Category A studies
were studies that reported complication rates and
patient-relevant outcome measures, such as hospi-
tal stay or pain. Category B studies consisted of trials
that described clinical complications or stated that
no such complications had been observed. If only
1 type of complication was described but other
types were not specifically mentioned, the paper
was included on the assumption that no other com-
plications had occurred. Category C studies con-
sisted of clinical trials which assessed pathophys-
iology or immunology. For these trials, that did not

Table I. Distribution of all 51 trials according to surgical field and quality of reporting

Category Elective noncardiac surgery Elective cardiac surgery Trauma surgery Spinal cord injury

Category A: trials which
report clinical outcomes

Bigler et al.[32]; Komori et
al.[33]; Launo et al.[34];
Nagelschmidt et al.[35];
Schulze et al.[36]; Sumida et
al.[37]; Takeda et al.[38];
Tønneson et al.[21]; Zotti et
al.[39]

Chaney et al.[40,41];
Engelman et al.[42]; Fecht et
al.[43]; Niazi et al.[44];
Tassani et al.[45]

Bracken et al.[14,15];
Otani et al.[46,47];
Petitjean[48,49];
Pettersson et al.[50]

Category B: trials which
report side effects

Høgevold et al.[51,52];
Gammer et al.[53]

Andersen et al.[54]; Jansen
et al.[55]; Mayumi et al.[56];
Morton et al.[57]; Toft et
al.[58]; Toledo-Pereyra[59];
Rao et al.[60]; Wan et
al.[61,62]

Alho et al.[63,64]; Lindeque
et al.[65]; Rokkanen et
al.[19]; Schonfeld et al.[66];
Stoltenberg et al.[67];
Svennevig[20,68-70]

Catagory C: trials
where neither clinical
outcomes nor adverse
effects are reported

Mikawa et al.[71]; Edfeldt
and Thomson[72]

Boscoe et al.[73]; Diego et
al.[74]; Enderby et al.[75];
Ferries et al.[76]; Fosse et
al.[77]; Hill et al.[78,79];
Jorens et al.[80]; Karlstad et
al.[81]; Kawamura et
al.[82,83]; Kobayashi[84];
Loubser et al[85,86];
Tabardel[87]; Thompson et
al. #1[88]; Thompson et al.
#2[89]
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state the (non) occurrence of complications, we only
assumed that no mortality occurred, since a fatality
would have resulted in missing data in the analysis
of variables.

As a measure of effect we chose the risk differ-
ence for dichotomous variables and the weighted
mean difference for continuous variables. The risk
difference has been shown to be conservative in the
analysis of rare events.[90] In 1 study, data on hos-
pital stay were reported as medians and ranges. Here,
we estimated the differences of means and medians
between treatment and control groups to be equiv-
alent; standard deviations were approximated as be-
ing half the reported range. This approach tends to
be cautious, as it assigns a lower statistical weight-

ing factor to such incompletely reported studies. No
efforts were made to contact authors.

For statistical analysis we used the Cochrane
Collaboration’s software RevMan 4.0.4 with Meta-
View 3.1. In case there was no statistical evidence
of heterogeneity among the primary studies (as de-
fined by p < 0.1 in the χ2-test), we employed a fixed
effects model. To enable easy interpretation of the
results we used 95% confidence intervals (CIs) and
calculated the number-needed-to-harm (NNH). The
NNH specifies how many patients have to be treat-
ed on average before an adverse effect is noted.[91]

The NNH is calculated as the inverse of the risk
difference, but can also be derived from an odds ratio
or relative risk. We used the lower 95% CI bound-

Table II. Randomised controlled trials investigating the effect of high dose methylprednisolone sodium succinate in elective noncardiac surgery
patients (in alphabetical order)

Reference (year) Type of operation No. of
patients

Route of
administration and
dose

Outcomes reported (besides
complications)

Bigler et al.[32] (1996) Lung surgery (lobectomy or
pneumectomy)

36 IV 25 mg/kg Pain, lung function (FEV1), hospital stay

Edfeldt and Thomson[72]

(1980)
Knee replacement for knee
osteoarthritis

26 IV 30 mg/kg Lung function (PaO2), haemodynamic
parameters

Gammer et al.[53] (1998) Hip replacement for hip
osteoarthritis

30 IV 2g Lung function (PaO2), complement
activation (C3a, C5a)

Høgevold et al.[51,52] (1991) Hip replacement for hip
osteoarthritis

12 IV 3 doses of 30
mg/kg each

Immunological markers, laboratory
parameters

Komori et al.[33] (1999) Elective abdominal aortic
aneurysm repair

20 IV 1g Immunological markers, laboratory
parameters, hospital stay

Launo et al.[34] (1990) Lung surgery (lobectomy or
pneumectomy)

40 IV 30 mg/kg Pain, laboratory parameters, circulatory
parameters

Mikawa et al.[71] (1990) Lung surgery (lobectomy) 28 IV 30 mg/kg Laboratory parameters

Nagelschmidt et al.[35] (1999) Abdominal surgery/ incisional
hernia repair

20 IV 30 mg/kg Fatigue, pain, analgesics consumption,
mobilisation, lung function (FEV1),
hospital stay

Schulze et al.[36] (1997) Colonic resection 24 IV 30 mg/kg Fatigue, pain, analgesics consumption,
mobilsation, lung function (FEV1),
hospital stay

Sumida et al.[37] (1999) Gastric resection and
intraperitoneal hyperthermia

20 IV 2 doses of 25
mg/kg each

Immunological and haemodynamic
parameters, lung injury score

Takeda et al.[38] (1997) Oesophageal resection 30 IV 30 mg/kg Lung function (PaO2 : FiO2-ratio), ICU
stay, hospital stay

Tønneson et al.[21] (1993) Lung surgery (lobectomy,
pneumectomy or subsegmental
resection)

21 IV 30 mg/kg Immunological markers, hospital stay

Zotti et al.[39] (1988) Abdominal surgery (vascular,
pancreatic or hepatic)

82 IV 30 mg/kg Lung function (PaO2, PaCO2 HO3)

FiO2 = inspired oxygen fraction; FEV1 = forced expiratory volume in 1s; ICU = intensive care unit; IV = intravenous; PaCO2 = partial carbon
dioxide pressure; PaO2 = partial oxygen pressure.
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ary of the NNH to describe the largest increase in
the adverse effect rate that could be ruled out by our
analysis. The number-needed-to-treat is the NNH’s
counterpart for describing beneficial effects. It is
calculated the same way as the NNH.

Results

Literature Search

Out of 9065 articles on ‘methylprednisolone’ we
identified 693 randomised controlled trials, of
which 95 were reviewed in detail to judge their el-
igibility. We excluded pseudo- or nonrandomised
trials,[92-95] trials on less invasive interventions (such
as coronary stenting,[96,97] facial[98] or oral sur-
gery[99]), paediatric trials,[100,101] trials of medium
or low dose MPSS,[82,102-107] dexamethasone,[108-

110] or more than 1 intervention.[111] All trials in-
volving head injury used either medium doses or
extended therapy over more than 3 days, and there-
fore were excluded.

In summary, 51 studies met our selection criteria
(table I). Multiple reports of the same patient pop-
ulation were combined. Most publications were writ-

ten in English, but 2 were written in Japanese, 1 in
Italian, 1 in French and 1 in Spanish. The included
studies were performed in: elective cardiac surgery
(28 trials),[41-45,54-62,73-89,112] elective noncardiac
surgery (13 trials) [table II],[21,23,32-39,51-53,71,72]

trauma surgery (6 trials) [table III],[19,20,63-70] and
spine surgery (4 trials).[14,15,46-50] Most studies in-
volved only very small numbers of patients, and half
of the trials in cardiac surgery did not report any
clinical result.[73-89] The methodologic quality of
the 51 trials was poor, since 26 trials (51%) were
not placebo-controlled and 32 (63%) did not describe
their technique of randomisation and the conceal-
ment of allocation.

Benefits of Methylprednisolone Sodium
Succinate (MPSS)

In the 13 trials where MPSS was administered
preoperatively to patients undergoing elective sur-
gery, quite different surgical procedures have been
examined (table II). Four studies reported pain lev-
els on day 1 after surgery, but different methods of
pain measurement and reporting precluded meta-
analysis: Launo et al.[34] stated that only 65% of pa-

Table III. Randomised controlled trials investigating the effect of high dose methylprednisolone sodium succinate in trauma patients.

Reference (year) Type of trauma No. of
patients

Route of administration and
dose

Outcome

Alho[63] (1978) At least 2 fractures in the
pelvis, femur or tibia. No severe
cerebral, thoracic or abdominal
injuries

60 IV 3 doses of 10 mg/kg each.
At admission, at 8 and 16
hours post trauma

Incidence of fat embolism
syndrome

Rokkanen et al.[19] (1974) At least 1 critical or 3 moderate
injuries

29 IV 3 doses of 10 mg/kg each.
At admission, at 8 and 16
hours post trauma

Incidence of fat embolism
syndrome

Schonfeld et al.[66] (1983) 1 or more lower-extremity,
long-bone fractures. No major
cerebral, thoracic or abdominal
injuries

64 IV 7.5 mg/kg every 6 hours
for 12 doses, for a total of 90
mg/kg

Incidence of fat embolism
syndrome, physiological and
laboratory parameters

Stoltenberg and Gustilo[67]

(1979)
Femoral or tibial fracture 43 IV 2 doses of 1g Incidence of fat embolism

syndrome, lung function (PaO2)

Svennevig et al.[68,69]

(1984)
Blunt chest injury (a minimum
of 4 broken ribs)

40 IV 30 mg/kg Incidence of fat embolism
syndrome, haemodynamic
parameters

Lindeque et al.[65] (1987) Femoral and/or tibial fracture.
No major cerebral, thoracic or
abdominal injuries.

55 IV 2 doses of 30 mg/kg Incidence of fat embolism
syndrome, lung function (PaO2),
complement activation (C5a),
free fatty acids

IV = intravenous; Pa02 = partial oxygen pressure.
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tients treated with MPSS complained of pain as com-
pared to 90% in the control group. Bigler[32] mea-
sured pain on a 0 to 4 scale (with 0 indicating no
pain) and found significantly less pain on day 1 in
the MPSS group (median pain intensity in control
vs therapy group was light vs absent). Schulze et
al.[36] measured pain with the visual analogue scale;
most of the patients treated with MPSS in this study
were free of pain, while the control group experi-
enced median pain levels of 13 (not significant).
Nagelschmidt et al.[35] and Fu et al.[113] described
a reduction of pain levels by 45% (mean 36,1 vs
19,8; SD 23 vs 20 for control and MPSS group, p
= not significant); they also found a reduced con-
sumption of analgesics in the MPSS group.

Fatigue and reconvalescence were assessed only
in 2 studies, which both yielded better results in the
corticosteroid groups. However, in contrast to Nagel-
schmidt et al.,[35] who found large and significant
benefits, Schulze et al.[36] noted somewhat smaller
benefits, with only the mobilisation score being sig-
nificantly improved.

Hospital stay was documented in 4 studies. While
Takeda et al.[38] and Nagelschmidt et al.[35] noted a
reduction in the length of hospital stay (37 vs 54 and
8.5 vs 13 days for MPSS and control group, respec-
tively), Tønneson et al.[21] found a modest increase,

and Komori et al.[33] saw no difference (14 vs 12 and
16.6 vs 17 days, respectively). In summary, a re-
duction of –1.9 days (95% CI –6.1 to +2.4) can be
expected after MPSS administration.

Adverse Effects of MPSS

Relevant gastrointestinal bleeding was observed
in 17 of the 1696 patients (table IV), resulting in an
overall risk difference of +0.3% (95 CI –1.0 to
+1.7). 14 of the 17 complications occurred in pa-
tients with spine injury, while none were noted in
the elective noncardiac surgery trials. The lower
boundary of 95% CI of the NNH is 59, thus indi-
cating that on average we can rule out 1 additional
gastrointestinal bleeding in less than 59 patients.

Wound complications were more common in
elective noncardiac and spine surgery as compared
with other fields. The overall risk difference of +1.0%
(95% CI: –0.7 to +2.6) indicates a modest increase,
although the 95% CI lower boundary of the NNH
still is 38.

Pulmonary complications were noted in many of
the trials. In the neurotrauma trials MPSS seemed
to have little effect on lung function, but in the other
groups MPSS had a strong protective effect with a
significant reduction of pulmonary complications
(fig. 1). This was most pronounced in the studies

Table IV. Main results for beneficial and adverse effects of high dose methylprednisolone sodium succinate as compared with placebo or no
corticosteroid

Outcome variable Studies (n) Events (n1/n2) Patients (N1/N2) Pooled results (95% CI) Number needed to
harm/treat (95% CI)

Pain (day 1) 4 a a a a

Fatigue (day 1) 2 b b b b

Mobilisation 2 b b b b

Hospital stay 4 NA 45/46 –1.0 days (–3.2 to +1.2) NA

Gastrointestinal bleeding 34 10/7 973/1003 RD +0.3% (–1.0 to +1.7) NNH: 333 (lower Cl 59)

Wound complications 34 28/20 972/997 RD +1.0% (–7 to +2.6) NNH: 100 (lower Cl 38)

Pulmonary complications 35 74/115 981/1011 RD –3.5% (–6.1 to –1.0) NNT: 29 (16 to 100)

Psychiatric complications 35 c c c c

Avascular bone 35 c d c c

Death of any case 50d 20/32 1170/1190 RD –0.9% (–2.5 to +0.6) NNT: 111

a Data did not allow meta-analysis.

b Too little data available.

c No events in either group.

d Morton et al.[57] state that 1 of their patients died, but it is left unclear whether this patient received MPSS or placebo.

95% CI = 95% confidence intervals; NA = not applicable; NNH = number needed to harm; NNT = number needed to treat; RD = risk difference.

454 Sauerland et al.

  Adis International Limited. All rights reserved. Drug Safety 2000 Nov; 23 (5)



that included patients with skeletal injury, where
fat embolism syndrome had a high incidence. In this
group the results also are strikingly homogeneous,
while the overall analysis is hampered by nonsig-
nificant heterogeneity among the 4 categories of
studies.

Psychiatric adverse effects and avascular bone
necrosis were not described in any of the 51 stud-
ies. The overall mortality rate was about equally dis-
tributed between patients treated with MPSS and
patients given placebo.

Discussion

This study aimed at comparing the potential
benefits and harms of high dose MPSS in patients,
who undergo elective surgical procedures of me-
dium severity (defined as routinely requiring post-
operative hospital stay). In summary, the few avail-
able studies which assessed patient-relevant outcome
criteria found similar benefits in regard to pain,
fatigue and mobility. Regarding the adverse effects
of MPSS we included a much broader group of
primary trials. These trials – as well as our meta-
analysis – did not find any significant increase in
the incidence of severe complications after the in-
fusion of high doses of MPSS. Pulmonary compli-
cations, on the other hand, were even significantly
diminished, especially in trauma patients.

A critical aspect of our analysis is the assumption
that a paper which reported a single complication,
would also have reported other complications, if
such complications occurred. However, this is an
often made and reasonable assumption,[3,4] and we
excluded those articles where complications were
not mentioned at all. Critics may also find it arbitrary
to combine study results from heterogeneous patient
cohorts, such as cardiac surgery and hip replace-
ment. However, we used the complication data (but
not the clinical data) from these studies, because
we think that surgical procedures of comparable
severity also carry a comparable risk of general com-
plications, such as gastrointestinal bleeding. We
therefore excluded trials where the intervention was
judged to be associated with only a minor degree of
immunoactivation (such as transluminal coronary

angioplasty or oral surgery). It may be noteworthy
that also in these larger studies no major complica-
tions were noted,[96-99] as was the case in the phase
I studies in healthy volunteers.[114,115] This renders
future complications quite unlikely.[116]

Unfortunately, many of the included studies had
their focus on pathophysiological or immunologi-
cal parameters, which is problematic, as these sur-
rogate parameters are not necessarily associated with
the clinical outcome. Therefore, we refrained from
aggregating such data, although data quite consis-
tently showed that MPSS pretreatment lowers the
postoperative levels of immunological parameters,
e.g. cytokines, prostaglandins or nitric oxide. It
also improved lung function in most of the studies
that measured respiratory parameters. On the back-
ground of these findings the reduction in pulmo-
nary complications that we observed can be easily
accounted for. MPSS may therefore have benefits
especially in patients at risk of pulmonary compli-
cations.

Since the 1950s, many articles have speculated
on the association between corticosteroid therapy and
gastrointestinal bleeding. Conn et al.[5,117] have re-
peatedly argued that this association is nothing more
than a ‘myth’, while other meta-analysts noted a
significant dose-dependent increase.[4] When ex-
trapolating from 2 similar meta-analyses,[5,118] the
dose-response relationship indicates that short term
courses of glucocorticoids (<2 days) do not carry an
increased risk of gastrointestinal bleeding. We ex-
cluded studies that used medium dosages or extend-
ed courses, although this would have enabled us to
evaluate a possible dose-response relationship.[119]

However, there are only a few studies available that
looked at regimens other than high dose regimens
in surgical patients.

We are aware of the fact that some nonrandom-
ised studies have described serious complications
after glucocorticoid administration, such as pneu-
monia.[120-122] However, these findings can mainly
be explained by the selection of more severely ill
patients into an MPSS treatment regimen. It is well
known that nonrandomised studies often give com-
pletely different results than randomised ones and
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Bigler et al.[32]

Elective general surgery

1/16 0/16
Gammer[53] 0/15 1/15
Högevold[51,52] 0/6 0/6
Komori et al.[33] 0/10 0/10
Launo et al.[34] 0/20 0/20
Nagelschmidt et al.[35] 0/10 0/10
Schulze et al.[36] 0/12 0/12
Sumida et al.[37] 0/10 0/10
Takeda et al.[38] 0/15 3/15
Tonnesen et al.[21] 2/10 1/11
Zotti et al.[39] 2/42 9/40
Subtotal (95% Cl)

χ2 10.97 (df = 10) Z = 1.85

5/166 14/165

Alho et al.[63]

Skeletal injury

1/29 4/31
Lindeque et al.[65] 2/27 5/28
Rokkanen et al.[89] 1/14 6/15
Schonfeld et al.[66] 0/21 9/41
Stoltenberg et al.[67] 0/20 2/23
Svennevig [20,68-70] 0/20 3/20
Subtotal (95% Cl) 4/131 29/158
χ2 4.21 (df = 5) Z = 4.31

NASCIS[14,15]

Spine injury

44/156 41/167
Otani et al.[46,47] 0/82 0/76
Petitjean[48] 17/54 16/52
Petterson[50] 0/20 0/20
Subtotal (95% Cl) 61/312 57/315
χ2 2.89 (df = 3) Z = 0.67

Total (95% Cl) 74/981 115/1011
χ2 42.99 (df = 34) Z = 2.73

Andersen et al.[54]

Coronary artery bypass surgery

0/8 0/8
Chaney et al.[40,41] 0/30 0/30
Engelman et al.[42] 0/10 0/9
Fecht et al.[43] 0/25 0/25
Jansen et al.[55] 0/12 0/12
Mayumi et al.[56] 0/12 0/12
Morton et al.[57] 3/29 3/30
Niazi et al.[44] 0/30 0/30
Rao et al.[60] 1/75 7/75
Tassani et al.[45] 0/26 0/26
Toft et al.[58] 0/8 1/8
Toledo-Pereyra[59] 0/47 3/48
Vallejo et al.[112] 0/50 1/50
Wan et al[61,62] 0/10 0/10
Subtotal (95% Cl) 4/372 15/373

χ2 6.87 (df = 13) Z = 2.03

Study
MPSS
(n/N)

Control
(n/N)

Risk difference
(95% Cl fixed)

0−0.5 0.5

Favours treatment Favours control

Fig. 1 Rates of pulmonary complications after methylprednisolone sodium succinate (MPSS) or placebo (control). Trial results are grouped
according to patient characteristics. Result bars [representing 95% confidence intervals (CI)] that lie left of the verticle line indicate a protective
effect of corticosteroids. Z-scores exceed 1.96, if pooled results are significant. The overall result shows a risk difference of -3.2% (95% CI
-6.3 to -0.3), but mild heterogeneity is present (p = 0.1573; α2-statistics).
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that such studies should be interpreted carefully.[123]

Just as little information is added by case reports,
although serious or even lethal adverse effects
have been described.[124-131] Most of these reports
involve patients with serious comorbidity (mainly
cardiovascular). The patients considered in this
meta-analysis are only partly representative of this
general patient population, since the eligibility cri-
teria of many clinical trials exclude patients with
comorbidity, concomitant drug therapy, or other
risk factors. Thus, clinicians should carefully take
into account such individual risk factors, before con-
sidering our results generalisable to the patient at
hand.

Randomised trials are regarded as the most cred-
ible way of comparing medical treatments. Still, it
has to be recognised that the quality of most random-
ised trials included in this meta-analysis is poor, thus
making interpretation of these trials difficult. Poor
allocation concealment (which was the case in prob-
ably half of the present trials) has been shown to be
associated with exaggerated treatment effects.[132]

However, the fact that most of the trials failed to
report their randomisation procedure does not nec-
essarily imply that these methods were inadequate.
With regard to the nonblinded design of many pri-
mary trials, it can be speculated that adverse effects
are more likely to be detected in corticosteroid-
treated than in control patients, since physicians
may expect a higher incidence of adverse effects.
This effect, called expectation bias, could lead to an
overestimation of the true adverse effect rates.

To date, only very few data are available on the
advantages of MPSS in patients undergoing elec-
tive surgery. The results of the admittedly very small
and heterogeneous studies are promising, but we
have to bear in mind that the reduction of pain lev-
els may still be caused by the euphoric effect of
MPSS rather than by an attenuation of the immuno-
system.[133] Although we found no evidence of any
severe psychiatric adverse effect, the less pronoun-
ced effects of MPSS on mood should be kept in
mind.[134] However, if pain is seen in conjunction
with other parameters, it seems unlikely that pain

reduction is fully explainable by the central nerv-
ous effects of MPSS.

Avascular necrosis of bone is an important com-
plication during corticosteroid therapy. Again, not
a single case was reported within the primary stud-
ies of our review. It may be argued that the follow-
up period in many of these trials was too short to
detect such an event, but Felson and Anderson[135]

also found corticosteroid bolus dose unassociated
with bone necrosis risk. In their analysis they had
compared different dosages and regimens of corti-
costeroids across several studies coming from dif-
ferent fields.

Conclusion

This meta-analysis, based on the data from nearly
2500 patients, failed to find any significant in-
crease in adverse effect rates after a short term or
single dose administration of high dose MPSS. Some
trials even described beneficial effects of MPSS,
for instance a reduction of pulmonary complica-
tions in trauma patients. The studies that now are
necessary to fully prove these benefits can be per-
formed on the evidence-base that a single dose (or
short term) administration of high dose MPSS is
not associated with a significant increase in the in-
cidence of adverse effects.
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