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Abstract

Background: Glucocorticoids modulate the surgical stress response. Previous studies showed that high-dose preoperative glucocorti-
coids reduce levels of postoperative inflammatory markers and specific biomarkers of liver damage compared with placebo, and
suggested a reduced complication rate and shorter hospital stay after liver surgery. However, there are no studies with a clinical
primary outcome or of early recovery outcomes. The aim of this study was to investigate whether a single high dose of preoperative
glucocorticoid reduces complications in the immediate postoperative phase after liver surgery.

Methods: This was a single-centre, double-blinded, parallel-group RCT investigating preoperative methylprednisolone 10 mg/kg
(high dose) versus dexamethasone 8 mg (standard-dose postoperative nausea prophylaxis) in patients scheduled for open liver
resection. The primary outcome was number of patients with a complication in the postanaesthesia care unit; secondary outcomes
included duration of hospital stay, pain and nausea during admission, and 30-day morbidity.

Results: A total of 174 patients (88 in high-dose group, 86 in standard-dose group) were randomized and analysed (mean(s.d.) age
65(12) years, 67.2 per cent men); 31.6 per cent had no serious co-morbidities and 25.3 per cent underwent major liver resection.
Complications occurred in the postanaesthesia care unit in 51 patients (58 per cent) in the high-dose group and 58 (67 per cent) in the
standard-dose group (risk ratio 0.86, 95 per cent c.i. 0.68 to 1.08; P¼ 0.213). Median duration of hospital stay was 4 days in both groups
(P¼ 0.160). Thirty-day morbidity and mortality rates were similar in the two groups.

Conclusion: A high dose of preoperative glucocorticoids did not reduce acute postoperative complications after open liver resection
compared with a standard dose. Registration number: NCT03403517 (http://www.clinicaltrials.gov); EudraCT 2017–002652-81 (https://
eudract.ema.europa.eu/).

Introduction
Liver resection is performed mainly for primary (hepatocellular
carcinoma and cholangiocellular carcinoma) or secondary (colo-
rectal cancer metastases) tumours. Advances in surgical techni-
ques and perioperative optimization in fast-track protocols have
reduced morbidity and mortality, with a subsequent reduction in
duration of hospital stay1. However, the existing preoperative
morbidity of most patients undergoing liver resection and the ex-
tent of the surgical procedure means that recovery still represents
a challenge, with postoperative complication rates in up to 40 per
cent depending on definitions and time frame2–6. Furthermore,
postoperative complications are related to the extent of surgery,
type of anaesthesia, any intraoperative complications, and poten-
tially also to the extent of the surgical stress response in the im-
mediate postoperative phase7,8. The surgical stress response can
theoretically be reduced with use of preoperative glucocorticoids
(GCs), by the downregulation of proinflammatory proteins
and upregulation of anti-inflammatory proteins, resulting in an

overall negative feedback on immunostimulation9,10. Several

studies6,11–13 have reported the effect of preoperative GCs

compared with controls in reducing inflammatory cytokines and

biomarkers of liver damage after liver resection. The GC effect on

these surrogate outcomes has been shown to be statistically sig-

nificant mostly on postoperative day (POD) 1, but is also evident

immediately after surgery when measured within the first postop-

erative hours12,13. There is no clear evidence as to whether inflam-

matory control is related to a reduction in early clinically relevant

complications, although a recent study14 of preoperative GC ad-

ministration before liver resection reported a significantly lower

90-day complication rate in the GC compared with a placebo

group. Similarly, previous studies6,11,14 have reported a lower

overall morbidity rate6 and a shorter hospital stay in the GC inter-

vention groups, suggesting that there might be an effect on these

clinical outcomes in liver resectional surgery as well as in other

surgical procedures15–20. No previous studies have described the

effects in the immediate postoperative phase.
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To investigate the preventive effects of GCs on adverse clinical
outcomes, the focus of the present study was on the immediate
postoperative phase during the postanaesthesia care unit (PACU)
stay. Here, all patients are monitored closely, treated, and dis-
charged according to well defined protocols, allowing straightfor-
ward comparisons between groups and evaluation of the effects
on early recovery. The aim of this study, therefore, was to investi-
gate whether a high dose of GC (10 mg/kg methylprednisolone),
given as a single preoperative injection, could reduce complica-
tions in the immediate phase after liver resection compared with
a standard low-dose of GC used for postoperative nausea
and vomiting (PONV) prophylaxis (8 mg dexamethasone). The pri-
mary outcome was the number of patients with complications
requiring treatment during observation in the PACU according to
predefined criteria. An additional hypothesis was that high-dose
GCs would reduce the duration of stay in the PACU, and reduce
pain scores and opioid consumption in the first 3–4 days after
surgery without increasing 30-day morbidity.

Methods
This single-centre, double-blinded, parallel-group RCT was
approved by the local ethics committee (H-17025897), the Danish
data protection agency (RH-2017–108), and the Danish Medicines
Agency before patient enrolment. The trial was registered at
ClinicalTrials.gov (NCT03403517) and EudraCT (2017–002652-81),
and was monitored by an independent good clinical practice unit.
The trial was conducted at Rigshospitalet, Copenhagen
University Hospital, Copenhagen, Denmark, between December
2017 and September 2020. The English version of the study proto-
col can be found in Appendix S1.

Eligibility criteria
All patients scheduled for open liver surgery without biliary re-
construction were consecutively screened for inclusion. Patients
considered were 18 years of age or older, and able to provide in-
formed oral and written consent. Exclusion criteria were: planned
simultaneous operation on other organs, simultaneous operation
for hernia with insertion of mesh, planned two-stage or associat-
ing liver partition and portal vein ligation for staged hepatec-
tomy, active hepatitis C virus infection, daily/current use of GCs
or immunosuppressant medication (within 10 days before the
procedure), insulin-dependent diabetes, and pregnancy or lacta-
tion.

Randomization and blinding
Patients were informed by trial personnel in relation to the preop-
erative appointment, usually 1–2 weeks before the operation, and
included in the trial on the day of surgery after providing written
consent. Participants were stratified according to the planned ex-
tent of surgery (major resections of at least 3 liver segments, mi-
nor resections of fewer than 3 liver segments) and randomized 1 :
1 in parallel groups by block randomization. Block sizes (4, 6, 8)
varied and were unknown to study personnel. The allocation se-
quence was generated by an independent physician using Sealed
Envelope (https://www.sealedenvelope.com/simple-randomiser/
v1/lists). The allocation sequence with intervention details was
concealed in consecutively numbered opaque envelopes by two
other investigators not otherwise involved in the trial. Before
sealing, 20 per cent of the envelopes were randomly controlled,
and the allocation sequence was stored by a physician not other-
wise involved in the trial. After trial completion, the principal in-
vestigator received the allocation sequence without the

intervention being revealed. The intervention allocation was
revealed after undertaking statistical analysis and drafting the
paper, including results, conclusion, and comments from all
authors. Throughout the trial, all participants, trial personnel,
healthcare providers including surgeons, anaesthetists and
nurses, outcome assessors, and data monitor were blinded.
There were no code breaks during the trial.

Intervention
The high-dose (HD) group received 10 mg/kg methylprednisolone
(Solu-medrolVR , Pfizer, Ballerup, Denmark) and the standard-dose
(SD) group received 8 mg dexamethasone (Dexavit; Vital Pharma
Nordic, Denmark). On the day of surgery, personnel assigned
only to prepare the study drugs received and opened the sealed
envelope, and prepared the trial drug. The study medication in
both groups was injected in a sterile (drip) bag containing 100 ml
sodium chloride, covered in foil to conceal the content and
amount. The bag was labelled with a patient identifier and
handed to trial personnel together with the resealed and signed
envelopes. Trial personnel administered the medication over
10 min immediately after induction of anaesthesia, around
30 min before surgery. The drip was flushed with sodium chloride
at the end of administration of the trial drug.

Surgery, anaesthesia, and standard regimens
All patients were treated according to a well implemented en-
hanced recovery after surgery (ERAS) protocol, as described previ-
ously1,21. Before surgery, all patients had an epidural analgesia
catheter inserted at thoracic level 8–10, which was maintained
with a continuous infusion of bupivacaine/morphine (2.5 mg þ
50.0 mg/ml). After induction, a 30-mg bolus of 0.5 per cent bupiva-
caine was administered, followed by 15 mg 0.5 per cent bupiva-
caine every hour during surgery. Anaesthesia was induced with
propofol (1.5–2.5 mg/kg), remifentanil (0.3–0.8 mg/kg), and cisatra-
curium (0.1 mg/kg) or suxamethonium (1 mg/kg). Anaesthesia
was maintained with propofol 0.05–0.15 mg per kg per min, remi-
fentanil (0.3–0.8 lg per kg per min) and cisatracurium, aiming at
a train-of-four (TOF) response of 0 per cent. In patients with im-
paired liver function in combination with major resection, sevo-
flurane could replace propofol. A noradrenaline (norepinephrine)
infusion was administered to maintain mean arterial pressure
(MAP) above 60 mmHg. During resection, central venous pressure
(CVP) was maintained at around 4–5 mmHg. Ondansetron (4 mg)
was administered 30–45 min before the end of surgery. Before
extubation, a TOF ratio of more than 90 per cent was confirmed.

Monitoring included invasive arterial BP, CVP, ECG, pulse ox-
imetry, nasopharyngeal temperature, nerve stimulator, urinary
catheter, and a nasogastric tube.

The surgical procedure was preferably performed through a
curved subcostal incision extended in the midline to the xiphoid
process (thoracic 7–10). For resections in the left lateral segment,
an upper midline incision was used. If hepatic clamping was per-
formed, an intermittent Pringle manoeuvre was applied for a
maximum of 15 min each time, with 5-min intervals in between
if repeated. Perioperative antibiotic comprised a single dose of 2 g
ceftriaxone. In the event of blood loss exceeding 1000 ml, it was
continued as 1500 mg cefuroxime three times daily and metroni-
dazole 1500 mg once daily for 3 days. Drains were placed only if
there was intraoperative bleeding or an assumed risk of bile leak-
age, with removal planned for POD 1 if possible. Low molecular
weight heparin was initiated on the morning of surgery and con-
tinued until full mobilization. Nasogastric tubes were removed
immediately after the procedure in the operating room. The
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radial artery cannula was removed on POD 0 before discharge
from the PACU; the central venous catheter was removed on POD
1 after minor resections, and POD 3 after major resections. The
urinary catheter was removed on POD 1.

Postoperative pain management consisted of epidural infusion
of a bupivacaine/morphine (2.5 mg þ 50.0 mg/ml) infusion starting
during surgery at 5 ml/h but titrated depending on effect/adverse
effects and continued for a maximum of 3 postoperative days.
Modified-release acetaminophen 1330 mg every 8 h was started
immediately after surgery (individual prescription in the major
resection group). On the evening of POD 2, additional 200 mg cele-
coxib and gabapentin 600 mg was started (reduced dose if weight
below 50 kg or age over 65 years or in patients with impaired renal
function), and continued every 12 h (celecoxib 200 mg, gabapen-
tin 300 mg in the morning and 600 mg in the evening) for 1 week.

If the postoperative course was uneventful, discharge was
expected and planned on POD 3 or 4.

Primary outcome
The primary endpoint was the number of patients with a compli-
cation requiring treatment in the PACU, defined according to a
standardized postanaesthesia discharge score, a modified version
of the Aldrete discharge score22 (Table S1). The score comprises
six modalities: sedation, oxygen saturation, BP, heart rate, pain
(at rest), and nausea.

A PACU complication was defined by any score exceeding 1
(except more than 2 for oxygen saturation), on two consecutive
measurements 30 min apart or a score greater than 1 at a single
time point accompanied by a relevant treatment (such as pain
score on a numerical rating scale (NRS) over 3, accompanied by a
rescue opioid administration, bradycardia or tachycardia accom-
panied by frequency regulation/conversion for arrythmia, PONV
accompanied by antiemetic treatment) or relevant treatment for
more than 30 min regardless of score (continuous inotropic infu-
sion for hypotension, oxygen supply exceeding 2 litres or other re-
spiratory treatment).

Secondary outcomes
Secondary outcomes were: all cause 30-day mortality; 30-day
morbidity (liver failure, ascites, intra-abdominal fluid collection,
bleeding, cholascos, bowel obstruction, perforated visceral organ,
fascial disruption, other reasons for reoperation, pleural effusion,
pulmonary embolus, deep venous thrombosis, acute myocardial
infarction, transitory cerebral ischaemia, stroke, infections
(pneumonia, urinary tract infection, sepsis, wound infection),
other reasons for prolonged hospital stay); number of patients
with a complication requiring treatment (procedural, medication,
alterations in standard care) during the first 24 h after surgery;
pain during movement (mobilization to sitting position or cough-
ing), with pain scores measured on a NRS (ranging from 0–10) ev-
ery hour during the PACU stay (average); pain during admission,
reported once daily on a NRS scale (0–10), on POD 0–4 (or day 3 if
discharged); analgesic medication—rescue opioids during admis-
sion (POD 0–4, or day 3 if discharged), converted to oral morphine
equivalents according to a standardized opioid conversion
chart23; nausea during admission, reported once daily on a four-
point NRS scale (none, light, moderate or severe), on POD 0–4 (or
day 3 if discharged); duration of PACU and hospital stay, mea-
sured from time of operation until time of discharge; and changes
in liver enzymes and function tests (alanine aminotransferase
(ALT), prothrombin time, total bilirubin) at baseline (preoperative
evaluation) and on POD 1 (all patients), 2 and 3 (major resec-
tions).

Adverse events
Adverse events were defined as any event occurring within 40 h
after administration of the trial drug, except events not requiring
any treatment or action (such as deviant laboratory results), hy-
potension (MAP below 60 mmHg) and/or tachycardia (heart rate
over 120 b.p.m.) in the first 24 h after surgery, pain from the oper-
ative area, urinary retention, intraoperative bleeding, and motor
function affected during epidural treatment. All adverse event
were evaluated by the primary investigator with regard to
whether they were related, likely to be related, unlikely to be
related, or unrelated to the trial drug, and graded from 1 to 4
(1, mild; 2, moderate; 3, severe; 4, life-threatening, disabling or
deadly). All serious adverse events (grade 3–4) were reported and
analysed for each group.

Data collection
Data were collected from the EPIC based-electronic medical re-
cord and managed using REDCap electronic database hosted at
Rigshospitalet24. Variables collected were: demographics (age,
sex, weight, height, indication for surgery, co-morbidities, smok-
ing and alcohol habits, medication, abdominal operative history,
recent chemotherapy history) and intraoperative data (time of
start and end of surgery, time of extubation, duration of hepatic
clamping, insertion of drains, amount of anaesthetics and fluids
administered, bleeding, blood component therapy, level of epidu-
ral insertion, type of incision, procedures performed, including
additional (unplanned) procedures). Postoperative data were col-
lected relating to the PACU (time of admission and discharge, vi-
tal values (BP, heart rate, oxygen saturation, respiratory rate),
pain, nausea, and sedation every 30 min, pain at mobilization
every 60 min, and treatments administered—oxygen supply,
analgesics, antiemetics, blood component therapy, fluid, vaso-
pressors) and the ward (vital values, pain, nausea and sedation at
admission, any complications requiring treatment within 24 h,
analgesic and antiemetic treatment until POD 4 or discharge
(whichever came first), discharge from hospital). All-cause mor-
tality, readmissions (unplanned and related to surgery), and mor-
bidity (as described in secondary outcomes) were assessed by
reference to patient charts 30 days after surgery.

Biomarker measurements (haemoglobin, platelets, creatinine,
potassium, sodium, prothrombin time (international normalized
ratio), ALT, bilirubin) were collected for all patients at baseline
and on POD 1, and also on POD 2–3 after major resections.

Patients were requested to fill out a questionnaire every day
on POD 0–4 (or day of discharge, whichever came first) containing
the following elements pertaining to the previous 24 h (or interval
between surgery until bedtime on POD 0): pain (NRS 0–10) on av-
erage and at worst, nausea (none, light, moderate, severe) on av-
erage and at worst, vomiting (yes/no), feelings of sadness (yes/
no), restlessness (yes/no) or fatigue (yes/no), and quality of sleep
(good, trouble falling asleep, frequent awakenings, no sleep).

All data were validated by double entry; the data monitoring
committee performed random sample data monitoring on all
patients and full data set monitoring on 20 per cent.

Statistical analysis
The sample size calculation was based on internal audit and pre-
vious reports of a 40 per cent complication rate in the PACU. An
assumed reduction in complication rate in the PACU from 40 to
20 per cent in the intervention group required 174 patients (87 in
each group), with a two-tailed 5 per cent significance level and a
power of 80 per cent.
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Categorical parameters are presented as number (per cent)
and were compared across groups by Fisher’s exact test.
Continuous measures are reported as mean(s.d.) or median
(i.q.r.) and were compared between groups using independent-
samples t test or Mann–Whitney/Wilcoxon rank-sum test (MWW
test) according to the distribution of data determined by inspec-
tion of histograms. The primary outcome (composite and compo-
nents) was compared using Fisher’s exact test, and absolute and
relative effect size was calculated with 95 per cent confidence
intervals. Secondary outcomes were compared using Fisher’s ex-
act test (morbidity, complications within 24 h, readmissions) or
MWW test (duration of stay, pain during movement, cumulative
rescue opioids).

The effects of the intervention on changes in ALT, prothrombin
time, and bilirubin from baseline to postoperative values between
groups were assessed using a constrained linear mixed model
with an unstructured co-variance pattern using the nlme package
in R (R Foundation for Statistical Computing, Vienna, Austria).

Pain and nausea during admission were repeated measure-
ments but, as data were missing not at random, outcomes were
compared between groups day by day using the MWW test.

Data were analysed as intention to treat and all available data
were used. Per-protocol analyses were undertaken to test for any
important differences.

All analyses were performed with R version 3.6.2 and
RStudioVR version 1.2.5001 (Boston, MA, USA).

Results
Of 440 patients screened, 174 were included and allocated to the
either HD (10 mg/kg methylprednisolone; mean dose 843 mg) or
SD (8 mg dexamethasone) group (Fig. 1). Four patients did not re-
ceive the allocated intervention owing to a protocol violation and
one patient had a subcutaneous injection. All randomized
patients were included in the intention-to-treat analysis (pre-
sented here) and per-protocol analysis was undertaken for all
patients who received the intervention as allocated.

Patients were comparable at baseline (Tables 1 and 2).
Mean(s.d.) age was 65(12) years, 67 per cent were men, and 30 per
cent of the patients had no serious co-morbidities other than the
indication for surgery. The most frequent indication for surgery
was colorectal metastatic disease (70 per cent), and the operation
most often performed was non-anatomical resection (24 per
cent). Of the excluded patients, 56 per cent were men and mean
age was 64(13) years.

A total of 109 participants (63 per cent) experienced a compli-
cation in the PACU according to the definition of the primary out-
come. A complication in the PACU occurred in 51 patients (58 per
cent) in the HD group and 58 (67 per cent) in the SD group (abso-
lute reduction 9.5 per cent; risk ratio (RR) 0.86, 95 per cent c.i. 0.68
to 1.08; P¼ 0.213). Results for the separate components of the pri-
mary outcome are shown in Table 3. There were no invasive respi-
ratory treatments, and no patients were transferred to the ICU.
The most frequent complication was moderate–severe pain (62
patients), and the median cumulative rescue opioid consumption
in the PACU (outcome defined a posteriori) was 11 (i.q.r. 0–30) mg
in the SD group versus 12 (0–30) mg in the HD group (P¼ 0.900).
The median pain score on the NRS during movement was 1 (i.q.r.
0–3) in the SD group versus 0 (0–1) in the HD group (P¼ 0.132).
However, this outcome measure was missing for 46 and
39 patients in the SD and HD groups respectively. Per-protocol
analyses (excluding patients who did not receive the study drug)
also showed no significant differences between allocation groups

(data not shown). A post hoc-defined per-protocol analysis of the
primary outcome, including only the patients who underwent
liver surgery (excluding those who were inoperable or who had
radiofrequency ablation only) was performed. In this analysis,
39 patients (59 per cent) in the HD group and 43 (67 per cent) in
the SD group had a complication in the PACU, with no statisti-
cally significant difference between groups (RR 0.88, 0.68 to 1.15;
P¼ 0.368).

There were no deaths within 30 days. There were no signifi-
cant differences in duration of stay, complications in the first
24 h, 30-day readmissions or 30-day morbidity, including infec-
tious complications, between allocation groups (Tables 4 and 5).
The only notable, albeit non-statistically significant difference,
was that more patients in the HD group experienced bile leak
(7 versus 1; RR 6.84, 0.86 to 54.44; P¼ 0.064).

Pain scores on average and at worst, and presence of nausea
during the first 4 postoperative days are presented in Fig. 2, Tables
S2, and S3. The number of patients with nausea during admission
decreased over time in both groups, most notably in the HD
group (Table S3). Pain both on average and at worst increased in
both groups, reaching a maximum on POD 3 (when the epidural
was removed) and further on POD 4 in the HD group. After ac-
counting for repeated measurements, there were no statistically
significant differences between groups.

Changes in ALT, prothrombin time, and bilirubin level from
baseline are shown in Fig. 3. There was an overall significant ef-
fect on prothrombin time in favour of the HD group (P¼ 0.024)
and bilirubin but not ALT level (P¼ 0.336). Statistically significant
differences occurred on POD 2 (prothrombin time and bilirubin)
and POD 3 (bilirubin); the latter applies only to patients undergo-
ing major resections.

Some 49 patients (43 per cent) in the SD group and 48 (45 per
cent) in the HD group had an adverse event during the first 40 h
after administration of trial drug (difference –2.4 (95 per cent c.i. –
17.2 to 12.3) per cent). Most of the adverse events documented
were pain in the right shoulder during the PACU stay. There were
three serious adverse events, one in the SD group (variceal bleed-
ing) and two in the HD group (1 patient with an iatrogenic bile
duct lesion, reoperated within 40 h, and one patient with sus-
pected a bile lesion who underwent endoscopic retrograde chol-
angiopancreatography). There were no adverse reactions, serious
adverse reactions or serious unexpected suspected adverse reac-
tions.

Discussion
A preoperative high dose of intravenous methylprednisolone
(10 mg/kg) before open liver surgery did not reduce the number of
patients with a complication requiring treatment in the PACU
compared with 8 mg dexamethasone. At best, the difference was
an absolute reduction of 24 per cent, and at worst an increment
of 5 per cent. The most frequently occurring complication was
pain and, although not statistically significant, patients in the HD
group were less likely (at best 26 per cent less likely, and at worst
2 per cent more likely) to experience this complication in the
PACU. However, there were no significant differences in pain
scores or opioid consumption during admission. Studies of other
procedures have shown conflicting results on the analgesic
effects of GCs, with some reporting a reduction in postoperative
pain scores25–27, and others no difference between groups28–30.
Apart from explaining the different conclusions in terms of small
study populations, differences in doses, outcome measures, and
statistical analyses, there are most likely also procedure-specific
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differences in the magnitude of the inflammatory response and

the mechanisms of pain.
The second most frequent complication in the PACU was cir-

culatory events, mainly hypotension treated with noradrenaline,

potentially related to the relative functional hypovolaemia from

the epidural and restrictive intraoperative fluid regimen to re-

duce CVP and thus bleeding from the liver resection. Few patients

experienced PONV in the PACU, reflecting that all patients re-

ceived the PONV prophylactic dose of GCs and ondansetron.

Respiratory events were also uncommon, occurring most fre-

quently in patients with preoperative pulmonary disease requir-

ing supplementary oxygen at higher levels.
Previous randomized studies6,11–13 of liver surgery, in which

methylprednisolone was administered in doses ranging from

500 mg to 30 mg/kg, showed an effect of high-dose GCs in reduc-

ing levels of inflammatory markers such as C-reactive protein, in-

terleukin (IL) 6, IL-8, and IL-10, and liver function markers such

as AST and bilirubin, and a reduced length of stay6,11, but no dif-

ferences in clinical (secondary) outcomes such as complications.

The most recent, and until now the largest, RCT14 was the only

study to report a clinical primary outcome, namely the 90-day

morbidity rate. The study investigated the total complication rate

90 days after surgery in 151 patients undergoing major hepatic

resections who received either a preoperative dose of 500 mg

methylprednisolone or placebo. A lower complication rate in the

GC group was reported and, although the study was probably un-

derpowered, there was a signal towards fewer overall complica-

tions (24 patients (31 per cent) in the GC group versus 35 (47 per

cent) in the placebo group). However, the reported decrease in

surgical-site infections did not hold statistical power when cor-

rected for multiple comparisons. The duration of hospital stay in

previous studies ranged from 6 to 19 days, whereas median hos-

pital stay in the present study was 4 days, leaving little room for

improvement. In this study, there was an overall significant posi-

tive effect on prothrombin time and bilirubin level on POD 2, and

bilirubin on POD 3, in the HD group. The data were, however,

only from major resections, and the confidence intervals were

wide, so this result should be interpreted with caution.

Furthermore, there was a difference in the extent of major resec-

tions between groups, which adds to the uncertainty of the

results. There were no apparent clinical consequences of the dif-

ferences, and the increase was transient in both groups.

Inflammatory markers were not measured, as the effects of GCs

in reducing these have already been shown in numerous stud-

ies15,18,31,32. There were no statistically significant differences be-

tween groups in adverse events, wound infections, wound/fascial

Assessed for eligibility n = 440

E
nr

ol
m

en
t

Randomized n = 174

Lost to follow-up n = 0
Analysed n = 88
   Excluded from analysis n = 0

Lost to follow-up n = 0
Analysed n = 86
   Excluded from analysis n = 0

Excluded n = 266
   Declined to participate n = 62
   Logistical reasons (included in other research
   projects, study personnel not available) n = 56
   Language (does not speak Danish/English) n = 9
   Met exclusion criteria n = 117
      Simultaneous other procedure planned n = 43
      Current anti-inflammatory treatment n = 35
      IDDM n = 18
      ALPPS n = 16
      Hepatitis C virus infection n = 2
      Epidural analgesia not feasible n = 3
   Other reasons n = 22
      Previous enrolment n = 8
      Psychiatric disorder n = 5
      Operation cancelled n = 9

Allocated to high dose
(10 mg/kg methylprednisolone) n = 88
   Received allocated intervention n = 86
   Did not receive allocated intervention n = 2
      125 mg methylprednisolone
      administered in error n = 2

Allocated to standard dose (8 mg
dexamethasone) n = 86
   Received allocated intervention n = 83
   Did not receive allocated intervention n = 3
      Subcutaneous administration n = 1
      125 mg methylprednisolone 
      administered in error n = 2

A
llo
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tio

n
A

na
ly

si
s

Fig. 1 CONSORT flow chart for trial

IDDM, insulin-dependent diabetes mellitus; ALPPS, associating liver partitition and portal vein ligation for staged hepatectomy.
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Table 1 Preoperative characteristics

High-dose group (n¼88) Standard-dose group (n¼86)

Age (years)* 65.2(11.2) 64.4(12.0)
Sex ratio (M : F) 61 : 27 56 : 30
BMI (kg/m2)* 27.4(5.0) 27.9(5.5)
Smoking status

Former 43 (48.9) 46 (53.5)
Current 18 (20.5) 16 (18.6)

Alcohol use (units/week)†

� 7 (F) or � 14 (M) 55 (62.5) 46 (53.5)
> 7 (F) or > 14 (M) 14 (15.9) 17 (19.8)

No co-morbidities 27 (30.7) 28 (32.6)
Cardiac disease‡ 46 (52.3) 38 (44.2)
Chronic pulmonary disease§ 10 (11.4) 12 (14.0)
Non-insulin-dependent diabetes 11 (12.5) 11 (12.8)
Cirrhosis 7 (8.0) 9 (10.5)
Depression 3 (3.4) 4 (4.7)
Concomitant cancer (other) 6 (6.8) 6 (7.0)
ASA fitness grade

I 2 (2.3) 1 (1.2)
II 41 (46.6) 42 (48.8)
III 45 (51.1) 43 (50.0)

Indication for surgery
Colorectal metastases 63 (71.6) 58 (67.4)
Non-colorectal metastases 3 (3.4) 6 (7.0)
Hepatocellular carcinoma 10 (11.4) 10 (11.6)
Cholangiocellular carcinoma 6 (6.8) 3 (3.5)
Gallbladder cancer 0 (0.0) 1 (1.2)
Benign disease 3 (3.4) 8 (9.3)
Other 3 (3.4) 0 (0.0)

Previous abdominal operation(s) 57 (64.8) 50 (58.1)
Stratified to major resection (� 3 segments) 22 (25.0) 22 (25.6)

Values in parentheses are percentages unless indicated otherwise; *values are mean(s.d.). †Based on Danish Health Agency recommendations of maximum 7 units
per week for women and 14 units per week for men. ‡Diagnosed with and receiving medication for any chronic cardiac disease, including arrythmias, hypertension
and/or hypercholesterolaemia. §Chronic obstructive bronchitis, emphysema and/or asthma.

Table 2 Operative characteristics

High-dose group (n¼88) Standard-dose group (n¼86)

Major procedure performed 21 (23.9) 23 (26.7)
Primary procedure

Right/extended right hepatectomy 5 (5.7) 13 (15.0)
Left hepatectomy 11 (12.5) 6 (7.0)
Bisegmentectomy 16 (18.2) 14 (16.3)
Segmentectomy 11 (12.5) 9 (10.5)
Non-anatomical resection(s) 20 (22.7) 21 (24.4)
Radiofrequency ablation 8 (9.1) 14 (16.3)
Exploratory laparotomy 11 (12.5) 4 (4.7)
Ligation of portal vein 2 (2.3) 2 (2.3)
Other‡ 4 (4.5) 3 (3.5)

Other procedure(s)
Cholecystectomy 43 (48.9) 39 (45.3)
Radiofrequency ablation 19 (21.6) 21 (24.4)
Segmentectomy 5 (5.7) 1 (1.2)
Non-anatomical resection(s) 14 (15.9) 14 (16.3)
Biopsy 5 (5.7) 3 (3.5)
Other 8 (9.1) 7 (8.1)

Duration of operation (min)* 163.5 (73.6) 161.8(65.7)
Interval from end of operation to extubation (min)* 13.6 (6.9) 14.6(7.7)
Blood loss† 503 (216–1173) 568 (203–989)
Abdominal drain 46 (52.3) 41 (47.7)
Blood transfusion 13 (14.8) 10 (11.6)
Hepatic clamping 41 (46.6) 35 (40.7)
Ischaemia time (min)† 30 (14.5–52) 28.5 (15–45)

Values in parentheses are percentages unless indicated otherwise; *values are mean(s.d.) and †median (i.q.r.). ‡Biopsy (4 patients), colectomy/resection (2),
hysterectomy/bilateral salpingo-oophorectomy and colonic resection (1).
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dehiscence or 30-day morbidity, but an indication of increased risk
of bile leak was noted in the HD group. However, the present study
was not powered for morbidity outcomes, and, although the re-
cently published RCT14 did not report an increased risk of bile leak
in the GC group, the number of patients is actually larger in present
study. Thus, the observation of increased bile leakage still calls for
caution, as the previous RCT14 was probably also underpowered for
morbidity outcomes as the sample size calculation was based on a
more than 75 per cent relative decrease in complication rates,
whereas the observed decrease was around 40 per cent.

As a double-blinded RCT in a clinical setting with an ERAS reg-
imen in place, this study has high internal validity. The generaliz-
ability, however, is limited by the exclusion criteria and the

single-centre design. The primary outcome was a composite
based on different complications arising in the PACU, and the
study was not powered to assess the impact of the intervention
on each specific complication. The definition of the primary out-
come was based on the widely used postanaesthesia recovery
score (modified Aldrete criteria). These criteria are used to ob-
serve and risk assess patients after anaesthesia in order to react
quickly to complications, and to assess when patients are stable
enough for transfer to the surgical ward. Studies33–35 have ques-
tioned the validity and reliability of several of the assessment
variables in the PACU discharge criteria, and modifications are
continuously being evaluated. It is, however, currently the most
widely used postanaesthesia scoring system and so basing the

Table 3 Primary outcome

High-dose group Standard-dose group Risk ratio* Absolute risk
reduction (%)*

P†

(n¼88) (n¼86)

No. of patients with a complication
in PACU, according to definition
of primary outcome

51 (57.95) 58 (67.44) 0.86 (0.68, 1.08) –9.5 (–23.8, 4.8) 0.213

Pain 26 (29.55) 36 (41.86) 0.71 (0.47, 1.06) –12.3 (–26.4, 1.8) 0.113
Circulatory events 31 (35.23) 29 (33.72) 1.05 (0.69, 1.57) 1.5 (–12.6, 15.6) 0.874
Postoperative nausea and vomiting 7 (7.95) 12 (13.95) 0.57 (0.24, 1.38) –6 (–15.3, 3.3) 0.232
Respiratory events 10 (11.36) 6 (6.98) 1.63 (0.62, 4.29) 4.4 (–4.2, 12.9) 0.433
Sedation 0 (0) 1 (1.16) – –1.2 (–3.4, 1.1) 0.494

Values in parentheses are percentages unless indicated otherwise; *values in parentheses are 95 per cent confidence intervals. PACU, postanaesthesia care unit.
†Fisher’s exact test.

Table 4 Duration of hospital stay, complications, readmissions, and wound infections

High-dose group Standard-dose group Risk ratio† P‡

(n¼88) (n¼86)

Duration of PACU stay (min)* 202.5 (142.5–320.2) 185.5 (156.0–224.5) 0.232§

Duration of hospital stay (h)* 97.7 (76.7–147.5) 101.7 (93.2 –144.0) 0.160§

Complications in ward during first 24 h 23 (26.1) 29 (33.7) 0.77 (0.49, 1.23) 0.346
Readmission within 30 days 11 (12.5) 13 (15.1) 0.83 (0.39, 1.74) 0.665
Wound infection within 30 days 6 (6.8) 7 (8.1) 0.84 (0.29, 2.39) 0.780

Values in parentheses are percentages unless indicated otherwise; *values are median (i.q.r.) and †values in parentheses are 95 per cent confidence intervals. PACU,
postanaesthesia care unit. ‡Fisher’s exact test, except §Mann–Whitney/Wilcoxon rank-sum test.

Table 5 30-day morbidity

High-dose group Standard-dose group Risk ratio* Absolute risk
reduction (%)*

P‡

(n¼88) (n¼86)

Overall 30-day morbidity** 19 (21.6) 19 (22.1) 0.98 (0.56, 1.72) –0.5 (–12.8, 11.8) 1.000
Abdominal collection (drainage) 6 (6.8) 3 (3.5) 1.96 (0.51, 7.57) 3.3 (–3.2, 9.9) 0.496
Ascites (drainage or prolonged use of drain) 3 (3.4) 6 (7.0) 0.49 (0.13, 1.89) –3.6 (–10.2, 3.0) 0.327
Infection (systemic) 5 (5.7) 4 (4.7) 1.22 (0.34, 4.40) 1.0 (–5.5, 7.6) 1.000
Reoperation (under general anaesthesia,
other than fascial dehiscence)

4 (4.6) 4 (4.7) 0.98 (0.25, 3.78) –0.1 (–6.3, 6.1) 1.000

Fascial dehiscence (operated) 3 (3.4) 5 (5.8) 0.59 (0.15, 2.38) –2.4 (–8.6, 3.8) 0.498
Bile leak 7 (7.95) 1 (1.16) 6.84 (0.86, 54.44) 6.8 (–0.7, 12.9) 0.064
Pleural effusion (drainage) 2 (2.3) 2 (2.3) 0.98 (0.14, 6.78) –0.05 (–4.5, 4.4) 1.000
Bleeding (gastrointestinal) 0 (0) 2 (2.3) – –2.3 (–5.5, 0.9) 0.243

Clavien-Dindo grade† 0.109
I 5 (5.7) 8 (9.3)
II 2 (2.3) 0 (0)
IIIa 6 (6.8) 2(2.3)
IIIb 6 (6.8) 9 (10.5)

†Values in parentheses are percentages unless indicated otherwise; *values in parentheses are 95 per cent confidence intervals. Post hoc classification; for patients
with more than one complication, the highest grade is reported. **Not reported in the table due to low or no numbers: (n¼1) bowel obstruction (standard-dose
group), perforated bowel (standard-dose group), (n¼0): liver failure, lung embolus, deep venous thrombosis, acute myocardial infarction, transitory cerebral
ischaemia, apoplexy. ‡Fisher’s exact test.
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primary outcome on this score allows the findings to have an im-
pact on clinical practice.

As there are no studies of the early clinical effects of a very
high dose of preoperative GCs, the sample size calculation was
based on assumptions. In hindsight, these were perhaps optimis-
tic, and it is debatable whether the minimal clinically important
difference is smaller. Nonetheless, if a potent drug is to be imple-
mented to enhance recovery, it should be effective enough for its
use to be justified. The greatest specific complication difference
between groups was in the occurrence of moderate–severe pain
in the PACU; if the true difference is around a 12 per cent abso-
lute reduction (25 per cent relative reduction), without reducing
opioid treatment, duration of stay or pain scores during admis-
sion, it is of questionable clinical importance in the authors’ opin-
ion.

There were no missing data for the primary outcome. Data on
pain during movement in the PACU were not missing at random,

but were not available when patients were too drowsy or had mo-
tor function too affected by the epidural analgesia to participate;
this variable was analysed after listwise deletion of patients with
missing data. Missing data for pain and nausea during admission
can be explained by a few patients declining to participate, some
patients forgetting to answer or to hand in the questionnaires,
and data being missing on day 4 for patients who had already
been discharged. As patients who are discharged early are less
likely to experience pain and nausea, these data were also as-
sumed not to be missing at random, and were analysed in the
same way.

This study included an active comparator group receiving
8 mg dexamethasone instead of a placebo group as dexametha-
sone in the range 4–8 mg has been shown to reduce PONV pri-
marily, but also pain and opioid consumption across a variety of
surgical procedures20,36 and is the recommended standard treat-
ment for PONV20.
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Fig. 2 Pain during admission

a Average and b worst pain. Median value (bold line), i.q.r. (box), and range (error bars) excluding outliers (dots) are shown. Number of observations each day for
each group is indicated below bars. SD, standard dose; HD, high dose; NRS, numerical rating scale; POD, postoperative day.
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postoperative day 2–3 (major resections only)

a Alanine aminotransferase, b prothrombin time, and c bilirubin. Values are mean(s.d.). Number of observations each day for each group is indicated below graph.
SD, standard dose; HD, high dose; preop., before surgery (baseline); POD, postoperative day; INR, international normalized ratio. *P < 0.050, †P < 0.001 versus SD
(Likelihood-ratio test).
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This study has shown the importance of testing interventions
by specific procedure, under optimized clinical settings, and with
clinically relevant outcomes. Preoperative high-dose GCs modu-
late the immune response in ways that are only partially under-
stood37 and, until there is meaningful clinical evidence, it is
probably best to err on the side of caution. Based on the present
data, there is currently no evidence for superiority of a dose of
preoperative GCs higher than 8 mg dexamethasone for preven-
tion of acute postoperative complications in patients undergoing
open liver resection.
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