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Abstract

BACKGROUND

Hepatic resection (HR) results in an inflammatory response that can be modified
by perioperative steroid administration. However, it remains to be determined if
this response's attenuation translates to a reduction in complications.

AIM

To evaluate if perioperative administration of steroids reduces complications
following HR.

METHODS
A systematic review of randomized controlled trials (RCTs) was conducted on
PubMed, Embase, and Cochrane Central Register of Controlled Trials to evaluate
the effect of perioperative steroid (compared to placebo or no intervention) use in
patients undergoing HR. Clinical outcomes were extracted, and meta-analysis was
performed.

RESULTS

8 RCTs including 590 patients were included. Perioperative steroid administration
was associated with significant reduction in postoperative complications [odds
ratios: 0.58; 95% confidence intervals (CI): 0.35-0.97, P = 0.04]. There was also
improvement in biochemical and inflammatory markers, including serum
bilirubin on postoperative day 1 [MD: -0.27; 95%CI: (-0.47, -0.06), P = 0.01], C-
reactive protein on postoperative day 3 [MD: -4.89; 95%ClI: (-5.83, -3.95), P <
0.001], and interleukin-6 on postoperative day 1 [MD: -54.84; 95%CI: (-63.91,
-45.76), P < 0.001].
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CONCLUSION

Perioperative steroids administration in HR may reduce overall complications,
postoperative bilirubin, and inflammation. Further studies are needed to
determine the optimal dose and duration and patient selection.

Key Words: Steroid; Liver resection; Outcome; Systematic review

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Hepatic resection results in an inflammatory response that can be modified by
perioperative steroid administration. However, it remains to be determined if this
response's attenuation translates to a reduction in complications. This systematic
review compares eight randomized controlled trials including 590 patients. We found
that perioperative steroid administration was associated with a significant reduction in
postoperative complications. There was also improvement in biochemical and inflam-
matory markers.

Citation: Hai HH, Aw P, Teng TZJ, Shelat VG. Perioperative steroid administration reduces
overall complications in patients undergoing liver resection: A meta-analysis. World J
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INTRODUCTION

Stress from major surgery results in an inflammatory response secondary to cytokine
and free radical release. This inflammatory response is essential for healing and
restoring physiologic function; however, it can increase morbidity, mortality and
worsen postoperative outcomes if excessive[1]. Modifying the inflammatory response
by perioperative steroid administration could improve surgical outcomes. In a rabbit
experiment conducted almost five decades ago, Santiago Delpin et al[2] demonstrated
that preoperative methylprednisolone administration attenuated the inflammatory
response secondary to hepatic inflow occlusion[2] and improved survival as compared
to postoperative or no steroid administration and concluded that methylprednisolone
protects liver during warm ischemia.

With a better understanding of liver anatomy, advances in surgical technology, and
improvements in critical care, hepatic resection (HR) is accepted as a gold standard
treatment for primary and metastatic liver cancers[3]. HR is major abdominal surgery
with the potential for blood loss, tissue hypoperfusion, and acidosis[4]. Further, low
central venous pressure anesthesia and hepatic inflow occlusion with resulting
ischemia-reperfusion injury aggravate the inflammatory response[5,6]. Perioperative
morbidity and mortality following elective HR, though has reduced, further
improvements[7] are needed. Besides, inflammatory markers are increasingly shown
to predict short-term perioperative and long-term oncologic outcomes following HR
[8]. Thus, modulation of inflammatory response to improve surgical outcomes remains
an unmet need in hepatic surgery. In a systematic review and meta-analysis on the
benefit of preoperative steroid administration in patients undergoing HR, Yang et al[9]
has shown a reduction in postoperative day 1 bilirubin, postoperative day 1
interleukin-6 (IL-6), and postoperative day 3 C-reactive protein (CRP) levels but no
difference in liver failure, bile leak, infectious complications, wound complications and
pleural effusion. It is unclear if the advantages of perioperative steroid immunomodu-
lation are nullified by inherent risks associated with steroid therapy itself:
Hyperglycemia, predisposition to infection, impairment of wound healing, and
reactivation of the hepatitis virus[10]. Thus, it remains to be determined if an inflam-
matory response's attenuation translates to a reduction in perioperative complications,
and more evidence is needed. We report an updated meta-analysis on the benefits of
perioperative steroid administration in patients undergoing HR.
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MATERIALS AND METHODS

Literature search

The search was conducted according to the PRISMA statement[11]. A literature search
of published studies on perioperative use of steroids in PubMed, EMBASE, and
Cochrane Library databases was independently conducted by two co-authors (Aw P
and Hai HH). A combination of subject headings and text words were used as needed
to define the use of steroids in liver resection. We employed the terms ("Liver surger*"
OR "Liver resection*" OR "Resection of Liver" OR "Resection Liver" OR "HR*" OR
Hepatectom* OR "Liver remov*" OR "Liver lobectom*" OR "Hepatic Lobectom*" OR
"Lobectomy of Liver" OR "Hemihepatectom*") and ("Steroids" OR "Betamethasone"
OR "Dexamethasone" OR "Prednisone" OR "Prednisolone" OR "Fluprednisolone" OR
"Methylprednisolone" OR "Fluocortolone" OR "Paramethasone" OR "Cortisone" OR
"Cortisol" OR "Hydrocortisone" OR "Fludrocortisone" OR "Hydroxycorticosteroids"
OR "Glucocorticoids" OR "Corticosteroids").

Inclusion criteria and study selection

Only prospective randomized controlled trials (RCTs), either open-label, single or
double-blinded, were included in this study. Inclusion criteria were major or minor
HR, regardless of pathology. Studies that involved perioperative prophylactic
administration of steroids in improving the outcome of HR and which contained a
control group (placebo or no intervention) were included. For studies to be included,
the outcomes measured should include the following postoperative liver function
tests: Bilirubin, aspartate aminotransferase (AST), alanine aminotransferase (ALT), or
prothrombin time. When there was a duplication of data, the most recent and compre-
hensive study was included. Articles not written in English or Mandarin language
were excluded. The co-author (Aw P) is a native Mandarin language speaker and
translated the Mandarin report into English. We excluded case series and non-human
studies. Identified studies were assessed independently by two co-authors (Aw P and
Hai HH) for potential inclusion, initially by title and abstract. After the initial
screening, the full text was obtained and reviewed in its entirety. Any conflict was
resolved by consensus or in consultation with the senior author (Shelat VG).
References of included studies were screened to identify for additional study.

Data extraction and analyses

From each included study, two co-authors (Aw P and Hai HH) independently
extracted the following information: Publication details (first author, year of
publication), study characteristics (study design, intervention and control group
sample, gender, age, type of resection), and study outcomes (postoperative outcomes,
morbidity, and mortality). A meta-analysis was performed with data available on
postoperative outcomes following perioperative steroids administration using Review
Manager Version 5.3 (Cochrane Collaboration). Odds ratios (OR) and 95% confidence
intervals (CI) were calculated using the Cochrane Mantel Haenszel method test based
on the random effects model or dichotomous data, while continuous data were
calculated using weighted mean differences and 95%CI. The level of statistical
significance was set at P < 0.05. To assess heterogeneity between the studies, I* was
calculated to estimate the variability among the included studies. An I* of > 50%
suggested considerable heterogeneity. Studies that presented data in graphical form
were omitted as it was not possible to extract the data accurately and attempts to
contact the authors of the original studies were unsuccessful. Data excluded are
postoperative day 1 (POD1) AST and ALT in the study by Hayashi et al[12] and POD1
Bilirubin and ALT from the study by Donadon et al[13].

Outcomes of review

The primary outcomes of interest included the clinical outcomes-postoperative
morbidity, length of hospital stay, and mortality. Where possible, data on specific
subcategories of complications (hepatobiliary, pulmonary, and infectious complic-
ations) were extracted and analyzed. The secondary outcomes of interest included
serological outcomes - postoperative liver function parameters (bilirubin, AST, ALT,
prothrombin time) and postoperative inflammatory markers (CRP, IL-6).

Risk of bias and quality assessment

Two co-authors (Aw P and Hai HH) independently assessed and checked the included
studies to ensure consistency and check for bias risk. The various risks of bias
assessment were done using Review Manager Version 5.3. The biases involving
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random sequence generation, allocation concealment, blinding of participants and
personnel, blinding of outcome assessment, incomplete outcome data, selective
outcome reporting, and other potential sources of bias, were considered. The GRADE
approach[14] was used to evaluate the quality of the body of evidence for each
outcome measure.

RESULTS

Data extraction

A systematic search identified 4684 studies, of which 242 duplicate studies were
excluded. Subsequent screening of title and abstract was performed independently by
two authors (Aw P and Hai HH), and 61 studies were identified for full-text
evaluation. Finally, eight prospective RCTs involving 590 patients were included in
this meta-analysis (Table 1 and Table 2). A detailed diagram showing the search
process is shown in Figure 1. In total, 296 patients were randomized into the
intervention group, consisting of various regimens of perioperative administration of
steroids, and 294 patients into the control group (Table 3).

Use of steroids

The steroids used (Table 3) included methylprednisolone[13,15-20] and hydrocortisone
[12], with varying methods of administration. All except one study[12] administered
the steroid regime preoperatively, with Hayashi et al[12] administering steroids
intraoperatively immediately before hepatic-pedicle clamping and subsequent steroid
administration on postoperative days 1-3. We elected not to exclude the study by
Hayashi et al[12] merely due to the difference in choice of steroid as the dose and
duration were appropriately modified for equipotency for efficacy.

Study quality

Heterogeneity of the primary outcomes and secondary outcomes was analyzed. Of
note, there was statistically significant heterogeneity in the length of hospital stay (I
60%, P = 0.02). Other primary outcomes did not show statistically significant hetero-
geneity-overall morbidity (I> = 35%, P = 0.15), hepatobiliary complications (I> = 0%, P =
0.95), liver dysfunction (I* = 0%, P = 0.98), bile leakage (I* = 0%, P = 0.89), pulmonary
complications (I* 40%, P = 0.52), pleural effusion (I* 3%, P = 0.36), surgical site infection
(I>=40%, P =0.21), ascites (I* = 0%, P = 0.81), and hemorrhage (I*= 0%, P = 0.99). All of
the secondary outcomes showed statistically significant heterogeneity except POD1 IL-
6 Levels (I 53%, P = 0.08). The heterogeneity for secondary outcomes was as follows:
PODI1 bilirubin (I> = 73%, P < 0.001), POD1 AST (I* = 69%, P = 0.04), POD1 ALT (I* =
79%, P = 0.003), POD1 prothrombin (I> = 72%, P = 0.003), and postoperative day 3
(POD3) CRP (I = 60%, P = 0.04). Due to the small number of studies, a funnel plot
analysis was not conducted. The studies included in this systematic review were
assessed with a summary of the Risk of Bias assessment shown in Figure 2. Biases
assessed were detailed previously under the "Material and Methods" section.

Primary outcomes: Postoperative clinical parameters

All 8 studies including a total of 590 patients (296 in the steroids group and 294 in the
control group) reported postoperative morbidity. Overall morbidity was lower in the
steroid group compared to the control group [OR: 0.58, 95%ClI: (0.35, 0.97), P = 0.04]
(Figure 3A). Six out of eight studies[12,15-19] including a total of 475 patients (240 in
the steroids group and 235 in the control group) reported on hepatobiliary complic-
ations, and no statistically significant difference was found between the two groups
[OR: 0.65; 95%ClI: (0.28, 1.50); P = 0.31] (Figure 3B). 7 out of 8 studies[12,13,15-17,19,20]
including a total of 540 patients (271 in the steroid group and 269 in the control group)
reported length of hospital stay, and this was not different between the steroid group
and the control group [MD: -0.06, 95%ClI: (-1.47, 1.35), P = 0.93] (Figure 3C).

Regarding specific hepatobiliary complications, three out of eight studies reported
on liver dysfunction or failure[15-17] and five out of eight studies reported on bile
leakage[12,16-19]. No statistically significant difference could be found between the
two groups in both liver dysfunction or failure [OR: 1.02, 95%CI: (0.20, 5.21), P = 0.98]
(Figure 4A) and bile leakage (OR: 0.56, 95%CI: (0.20, 1.52), P = 0.25) (Figure 4B).

Four out of eight studies[12,15,17,20], including a total of 396 patients (198 in the
steroids group and 198 in the control group), reported pulmonary complications. For
pulmonary complications, no significant difference was detected between the two
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Table 1 Patient profile of included studies (distribution, age, sex, and pathology)

Ref Number Age Sex (M/F) Pathology
. Steroid Control Steroid Control Steroid Control Steroid Control
Donadon et al[13], 2016 16 16 65 (27-80)' 63 (22-77)" 10/6 9/7 Metastasis 6 12
HCC 6 2
Cholangiocarcinoma 4 0
Others 0 2
Hasegawa et al[15],2020 50 50 67 (59-74) 68 (62-75) 30/20 31/19 Metastasis 21 14
Hayashi et al[12], 2011 102 98 69 (39-81)" 70 (35-82)" - - Metastasis 32 23
HCC 63 66
Cholangiocarcinoma 6 5
Others 1 4
Muratore et al[20], 2003 25 28 654+10.8°  64.1+11.7° 8/17 11/17 - = =
Pulitano et al[17], 2007 37 36 63 (31-85)" 61.8 (21-78)"  23/14 22/14 Metastasis 16 14
HCC 12 14
Cholangiocarcinoma 5 4
Hemangioendothelioma 1 1
Benign 3 3
Schmidt et al[18], 2007 10 10 575 655 3/7 4/6 HCC 2 1
Metastasis 4 4
Cholangiocarcinoma 0 2
Benign 4 3
Yamashita et al[16], 2001 17 16 60.3+1.8° 56.8 +3.9° 4/13 11/5 HCC i3 8
Metastasis 0 3
Cholangiocarcinoma 0 1
Living donor of transplant 4 4
Zi et al[19], 2015 40 39 57.55+8.81° 57.51+10.32° 23/17 17/22 Malignant 31 34
Benign 9 5

IMedian (range).

2Median (interquartile range).

3mean + SD.
*Mean with range.
*Mean.

®mean + SE.

M: Male; F: Female; HCC: Hepatocellular carcinoma.

JBaishideng®
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groups (OR: 0.79, 95%CI: (0.42, 1.47), P = 0.45) (Figure 5A). There was also no
significant difference in pleural effusion between the two groups (OR: 0.89, 95%CI:
(0.43,1.88), P =0.77) (Figure 5B).

Six out of eight studies[12,15-19] including a total of 475 patients (240 in the steroids
group and 235 in the control group) reported on postoperative infection rates. There
was no statistically significant difference between the two groups (OR: 0.84, 95%CI:
(0.39,1.81), P = 0.66) for infectious complications (Figure 6).

Lastly, five out of eight studies[12,13,15,16,19] including a total of 444 patients (225
in the steroids group and 219 in the control group) reported on postoperative
mortality. Mortality was defined as 90-d mortality in Donadon et al[13] and Hasegawa
et al[15]. The remaining three authors did not define mortality. There were no
postoperative deaths reported.
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Table 2 Surgical details of included studies (type of resection, duration, blood loss and volume resected)

. Duration of Volume of blood Volume of liver
Type of resection . .
Ref. operation/min loss/mL resected/g
Steroid Control Steroid Control Steroid Control Steroid Control
Donadon et al[13], ~Minor 9 11 383.5 (235- 351 (226- 275 (100- 200 (0-700)" - -
2016 546)" 640)' 1000)’
Major 7 5
Hasegawa et al Minor 40 39 215 (170- 233 (157- 52 (29-149)> 34 (17-76)" - -
[15], 2020 294) 270)°
Major 10 11
Hayashi et al[12], ~ Hemihepactectomy 1 15 330 (165- 316 (136- 324 (5-1577)" 257 (10- 77 (4-1930)" 75 (6-1300)"
2011 834) 697)" 1972)!
Segmentectomy 59 57
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Pulitano et al[17],  Right hepactectomy 1 10 440 (220- 408 (240- 662 (300- 621 (350- 404+20° 395+18°
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Left hepatectomy 6 8
Extended right 5 4
hepatectomy
Extended left 2 2
hepatectomy
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Schmidt et al[18], Segment IT/1II 4 5 2224 2524 3404 7804 - -
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Segment V-VIII 6 5
Yamashita et al Lobectomy or more 5 6 338 £21° 352 +14° 892+106°  822%55 239+£50° 187433
[16], 2001
Segmentectomy 2 1
Subsegmentectomy or 10 9
less
Zietal[19],2015  Major 22 12 34238 + 353.21 + 48125+ 496.15 + - -
129.73° 168.36° 415.98° 391.59°
Minor 18 27

IMedian (range).

2Median (interquartile range).

3mean + SD.

‘Mean.

Smean + SE.
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Secondary outcomes: Liver function parameters

Six out of eight studies[12,15,16,18-20] including a total of 485 patients (244 in the
steroids group and 241 in the control group) reported bilirubin levels on POD1. We
found a statistically significant decrease in POD1 bilirubin levels in the steroid group
compared to the control group [MD: -0.27, 95%ClI (-0.47, -0.06), P = 0.01] (Figure 7A).

Three out of eight studies[15,16,19] including a total of 212 patients (107 in the
steroids group and 105 in the control group) reported AST on POD1. For POD1 AST
levels, no statistically significant difference was found between the intervention group
and control group [MD: 39.22, 95%CI: (-41.19, 119.63), P = 0.34] (Figure 7B).

Four out of eight studies[15,16,18,19] including a total of 232 patients (117 in the
steroids group and 115 in the control group) reported ALT on POD1. For POD1 ALT
levels, no statistically significant difference was found between the intervention group
and control group [MD: 46.79, 95%ClI: (-45.55, 139.12), P = 0.32] (Figure 7C).
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Table 3 Perioperative steroid protocols of included studies

Stud ‘
Ref. . y Country Steroid protocol Control protocol

design
Donadonetal ~ RCT Italy Preoperative bolus infusion (5%) of 500 mg methylprednisolone in 250 mL 250 mL glucose-5% as bolus and
[13], 2016 glucose for 1 h prior to hepatectomy, then continuous infusion for 6 h subsequent continuous infusion
Hasegawaetal RCT Japan Preoperative, up to 500 mg methylprednisolone in saline solution Saline only
[15], 2020
Hayashi et al RCT Japan Intraoperative 500 mg hydrocortisone immediately prior to hepatic-pedicle 0
[12], 2011 clamping 300 mg hydrocortisone on POD1 200 mg on POD 2, 100 mg on

POD3

Muratoreetal ~ RCT Italy Preoperative (30 min before surgery) 30 mg/kg per body weight IV 0
[20], 2003 methylprednisolone
Pulitanoet al RCT Italy Preoperative 500 mg methylprednisolone 0
[17], 2007
Schmidt et al RCT Germany Preoperative (90 min before surgery) 30 mg/kg per body weight IV 50 mL IV saline
[18], 2007 methylprednisolone
Yamashita etal RCT Japan Preoperative (2 h before surgery) 500 mg IV methylprednisolone 0
[16], 2001
Zietal[19],2015 RCT China Intraoperative 500 mg methylprednisolone prior to liver resection Hepatectomy only

RCT: Randomized controlled trial; IV: Intravenous; POD: Postoperative day.
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Six out of eight studies[12,15-18,20] including a total of 449 patients (225 in the
steroids group and 224 in the control group) reported data on prothrombin time on
POD1. For POD1 prothrombin time, no statistically significant difference was found
between perioperative administration of steroids and postoperative prothrombin time
[MD: -0.02, 95%ClI: (-0.07, 0.03), P = 0.40] (Figure 7D).

Secondary outcomes: Postoperative inflammatory markers

Five out of eight studies[12,15,16,18,19] including a total of 432 patients (219 in the
steroids group and 213 in the control group) reported CRP levels on POD3. We found
a statistically significant decrease in POD3 CRP levels in the steroids group compared
to the control group [MD: -4.89, 95%ClI: (-5.83, -3.95), P < 0.001] (Figure 8A).

Five out of eight studies[12,15,16,18,20] including a total of 239 patients (119 in the
steroids group and 120 in the control group) reported POD1 IL-6 levels. We found a
statistically significant decrease in the POD1 IL-6 levels between the intervention
group and control group [MD: -54.84, 95%CI: (-63.91, -45.76), P < 0.001] (Figure 8B).

DISCUSSION

Steroids were introduced in medicine for almost a century, and their use has evolved
with an enhanced understanding of human physiology, pharmacokinetics, and critical
care principles. There is substantial evidence for continuing perioperative "stress dose"
steroids in patients who are already taking steroids as part of chronic disease
management. Recently, the anti-inflammatory and immune-modulating benefits of
steroids are exploited to reduce postoperative nausea and vomiting (PONV) and pain.
PONV is associated with general anesthesia and implicated in causing aspiration
pneumonia, wound complications, psychological distress, and prolonged hospital
length of stay; and thus, perioperative steroid use remains attractive to improve
clinical outcomes. In a systematic review including 17 clinical trials, Karanicolas et al
[21] reported that prophylactic dexamethasone decreases the incidence of PONV after
laparoscopic cholecystectomy relative to placebo [RR: 0.55, 95%CI: (0.44, 0.67)][21], and
the effect was dose-dependent and independent of the use of other anti-emetics.
However, there are concerns that the hyperglycemia and immunosuppressive effect of
corticosteroids may increase the risk of infectious complications, delay wound healing,
and increase hospital length of stay[22].

Further, in patients undergoing HR, coagulation disturbance, and ischemia-
reperfusion injury may impact clinical outcomes. The studies reporting perioperative
steroid use in patients undergoing HR have shown inconsistent benefits. In a meta-
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analysis including six prospective RCTs and 411 patients undergoing HR, Yang et al[9]
has reported that preoperative administration of steroid promotes the recovery of liver
function and inhibits the inflammatory response without increasing postoperative
complications[9]. However, there was no benefit in reducing overall morbidity [OR:
0.57, 95%ClI: (0.27, 1.17), P = 0.13]. This updated meta-analysis includes 43.6% more
patient sample (590 vs 411) and shows that perioperative steroid administration
reduces overall morbidity. Also, POD1 bilirubin and IL-6 and POD3 CRP levels were
lower in patients receiving perioperative steroids. However, perioperative steroid
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Figure 3 The pooled results comparing steroids group to the control group. A: Overall complications; B: Hepatobiliary complications; C: Length of
stay, illustrated by forest plots. Random effects model was used. M-H: Mantel-Haenszel; IV: Inverse variance; Cl: Confidence interval.
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administration did not reduce individual hepatobiliary specific (liver dysfunction and
bile leak), pulmonary or infectious complications. The effect of reduction in
cumulative overall morbidity could be explained due to small and non-significant
reductions in individual organ-specific complications.

Patients undergoing HR are routinely monitored postoperatively with serologic
investigations including lactate, blood gas analysis, renal function, liver function,
coagulation screen, and full blood count. Elevated serum bilirubin predicts
postoperative liver dysfunction and is an important determinant of perioperative
outcomes[3,23]. Serum bilirubin is dependent on the prehepatic load of heme, hepatic
function, and biliary excretory function. International Study Group of Liver Surgery
[24] proposed an elevated international normalized ratio together with hyperbiliru-
binemia on or after POD5 to predict post-hepatectomy liver failure. Similarly, in a
study of 775 patients, Balzan et al[25] showed that a prothrombin time less than 50% of
normal combined with serum bilirubin > 50 pmol/L on POD5 predicted mortality.
Our results show that perioperative steroid administration was associated with lower
serum bilirubin at POD1 but did not reduce liver dysfunction incidence, consistent
with the previous report by Yang et al[9]. This could be due to few possible explan-
ations. The definition of liver dysfunction or failure is heterogeneous in various
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Figure 4 Pooled results comparing steroids group to the control group. A: Liver failure; B: Bile leakage, illustrated by forest plots. Random effects
model was used. M-H: Mantel-Haenszel; Cl: Confidence interval.
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Figure 5 Pooled results comparing steroids group to the control group. A: Pumonary complications; B: Pleural effusion, illustrated by forest plots.
Random effects model was used. M-H: Mantel-Haenszel; Cl: Confidence interval.
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included studies. In addition, POD1 bilirubin is not a reliable predictor of liver
dysfunction as liver regeneration occurs over time, and bilirubin trends over the next
few days are more critical than POD1 Levels. Lastly, CRP levels that fall too quickly on
PODI1 are associated with a higher risk of postoperative liver failure[26].

AST/ALT are markers of hepatocellular injury, and their levels tend to peak during
the early postoperative period[27]. The levels following HR are influenced by hepatic
ischemia and the duration of surgery[28]. Our results show that perioperative steroid
modulation does not attenuate AST/ALT elevation, consistent with previous reports
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Figure 6 Pooled results comparing steroids group to the control group. Postoperative infection rate illustrated by forest plots. The pooled results
comparing steroids group to the control group regarding Postoperative infection rate illustrated by forest plots. Random effects model was used. M-H: Mantel-
Haenszel; Cl: Confidence interval.

[9,20]. In a prospective RCT including 53 patients undergoing HR, Muratore et al[20]
reported that preoperative administration of methylprednisolone (30 mg/kg 30 min
before HR) reduced serum IL-6 levels in all patients. However, the effect on AST/ALT
was mostly observed in patients with chronic liver disease[20]. Heterogeneity in
patient demography and clinic profile, duration of surgery, blood loss, and anesthetic
care may mask the effect of steroids on AST/ALT. Asians have a higher body fat
percentage than Caucasians of similar body mass indices[29], which may lead to
higher AST and ALT levels.

Inflammatory biomarkers are simple, cheap, readily available, and are increasingly
reported to predict short-term perioperative and long-term oncologic outcomes in
patients undergoing HR[8]. IL-6 is an acute phase cytokine transiently released in
response to tissue injury and infections. Elevated IL-6 is associated with postoperative
morbidity[5,17]. Previous studies have linked postoperative cytokines with a higher
risk of complications in patients undergoing lung and abdominal surgery, there being
a direct relationship between lower cytokine levels and reduced postoperative
complications[1]. IL-6 levels also aid risk stratification of postoperative complications
[6]-

Interestingly, our study revealed a reduction in overall morbidity but not hepato-
biliary complications after steroids. This is consistent with previous reports of thoracic
and abdominal surgeries. In the context of HR, Hoffmann et al[5] showed that IL-6 has
a pivotal role in postoperative hepatic regeneration, and patients with a deficient IL-6
response have impaired liver regeneration. Thus, the attenuation of IL-6 response by
perioperative steroid administration could negatively influence hepatic regeneration
and paradoxically increase liver dysfunction. This needs to be further investigated.

CRP is an acute-phase protein synthesized by the liver, and it depends on IL-6
regulation[30]. CRP upregulates pro- and anti-inflammatory cytokines, enhances
phagocytosis, and increases the expression of endothelial adhesion molecules. CRP has
a utility to monitor and predict postoperative complications and perioperative sepsis.
De Jong et al[31] compared perioperative changes in CRP in 24 patients undergoing
HR with nine patients undergoing laparotomy only due to unresectable tumors. They
observed that CRP response was more significant in the laparotomy group than the
HR group, and CRP response returned to normal by POD4[31]. Our study found that
the use of steroids lowers the POD1 CRP levels. Thus, the CRP response's blunting
could negate the beneficial effects of steroid administration, especially in patients with
HR. It is possible that the effect may be different in minor resections with adequate
future liver remnant and major resections with diminished capacity of the liver
functional reserve, and further studies are warranted. POD1 CRP has a high negative
predictive value for postoperative morbidity, which is consistent with our study[32].

Overall, we found that the perioperative administration of steroids did not increase
the incidence of ascites, pleural effusion, and hepatobiliary complications following
HR. Similarly, the length of hospital stay was also not altered by the administration of
steroids. This is akin to the conclusions drawn by Yang et al[9] and Richardson et al
[33]. However, our analysis showed that the use of steroids did not increase the risk of
infectious complications. This is corroborated by the conclusion drawn from a meta-
analysis, including 379 patients by Li et al[34]. There are currently trials being
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Figure 7 Pooled results comparing steroids group to the control group. A: Postoperative day 1 bilirubin level, mg/dL; B: Postoperative day 1 aspartate
transaminase level, U/L; C: Postoperative day 1 alanine transaminase level, U/L; D: Postoperative day 1 prothrombin time, international normalized ratio, illustrated
by forest plots. Random effects model was used. IV: Inverse variance; Cl: Confidence interval.
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conducted to precisely evaluate the effect of high dose corticosteroids on postoperative
complications[35]. The results of these trials can influence future surgical practice.
Rapid increases in postoperative pro-inflammatory cytokines are associated with
increased risk of postoperative complications and poorer prognosis; however,
postoperative cytokines profile is diverse and nuanced[36]. Increased values of some
cytokines such as IL-6 and tumor necrosis factor-o improve hepatic regeneration[37],
while decreased CRP levels could either mean liver dysfunction due to reduced
hepatic production or association with reduced overall postoperative morbidity. Also,
laparoscopic surgery is known to reduce the inflammatory response, and the impact of
perioperative steroids could be diverse in patients with open vs laparoscopic liver
resection. Hasegawa et al[15] showed that corticosteroids help to suppress inflam-
mation following laparoscopic liver resection[15].

Further studies need to be done to elucidate the relationship between the different
corticosteroid therapies and the degree of effect on different inflammatory cytokines,
which might impact open or laparoscopic HR outcomes. This is especially so as the
studies included have different steroid administration methods, using steroids of
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Figure 8 Pooled results comparing steroids group to the control group. A: Postoperative day 3 C-reactive protein, mg/dL; B: Postoperative day 1
interleukin 6 levels, pg/mL illustrated by forest plots. Random effects model was used. IV: Inverse variance; Cl: Confidence interval.
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different potency and dosage. While no significant difference in postoperative
complications is noted between laparoscopic and open HR in general, perioperative
steroids could impact the incidence of complications[38]. Zi et al[19] illustrate different
specific instances in which perioperative steroids would be useful in HR, such as when
enteral feeding is required. Early enteral feeding is shown to reduce inflammation and
overall morbidity following HR[39].

CONCLUSION

Our meta-analysis has inherent strengths and limitations. The inclusion of two
additional studies[15,19] with an increase in 43.6% of sample size enhanced our
updated meta-analysis's statistical power. We only included prospective RCTs in our
meta-analysis to reduce heterogeneity and increase the reliability and validity of
results. Since the studies publishing statistically significant results are more likely to be
published in English[40], the exclusion of non-English articles may affect the
conclusions' reliability as population factors could be a compounding factor, an issue
we have attempted to overcome in our study. However, due to various steroid regimes
and different authors reporting different primary and secondary outcomes, we still
found significant heterogeneity in many reported variables. The International Study
Group on Liver Surgery needs to make recommendations to standardize the periop-
erative use of steroids in patients undergoing HR liver resection as type, dose, and
time of administration of perioperative steroids could impact clinical outcomes. We
omitted the data points for variables presented in graphical form as we were unable to
contact the authors of the original studies to extract raw data, which could introduce
bias. Lastly, there was also a lack of long-term follow-up data, and thus, the impact on
survival outcomes is not established. This meta-analysis also reveals the limitations of
RCTs. RCTs are traditionally considered higher in the hierarchy of medical scientific
evidence. Only one study reported morbidity outcomes using an established classi-
fication system, thus limiting the clinical utility of morbidity data[13]. As evidenced in
our meta-analysis, all the included RCTs did not report single mortality in patients
undergoing HR, where in clinical practice, this is unlikely. RCTs are conducted in a
controlled environment with strict inclusion-exclusion criteria with close monitoring
and oversight by the study team, and results of RCTs are not generalizable in routine
clinical practice, and this needs to be considered by all clinicians who read our results.
Lastly, this study also highlights the fact that despite 90 d mortality outcomes are
considered as essential key performance indicators for HR, even RCTs continued to be
conducted without reporting this essential metric. In conclusion, perioperative steroid
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administration reduces overall morbidity in patients undergoing HR.

ARTICLE HIGHLIGHTS

Research background

Hepatic resection (HR) results in an inflammatory response that can be modified by
perioperative steroid administration. However, it remains to be determined if this
response's attenuation translates to a reduction in complications.

Research motivation

Stress from major surgery results in an inflammatory response secondary to cytokine
and free radical release. This inflammatory response is essential for healing and
restoration of physiologic function; however, it can increase morbidity, mortality, and
worsen postoperative outcomes if excessive. Modifying the inflammatory response by
perioperative steroid administration could improve surgical outcomes. Besides,
inflammatory markers are increasingly shown to predict short-term perioperative and
long-term oncologic outcomes following HR. Thus, modulation of inflammatory
response to improve surgical outcomes remains an unmet need in hepatic surgery.

Research objectives
To evaluate if perioperative administration of steroids reduces complications
following HR.

Research methods

A systematic review of randomized controlled trials (RCTs) was conducted on
PubMed, Embase, and Cochrane Central Register of Controlled Trials to evaluate the
effect of perioperative steroid (compared to placebo or no intervention) use in patients
undergoing HR. Clinical outcomes were extracted, and meta-analysis was performed.

Research results

Eight RCTs including 590 patients were included. Perioperative steroid administration
was associated with significant reduction in postoperative complications [odds ratios:
0.58; 95% confidence intervals (CI): (0.35, 0.97), P = 0.04]. There was also improvement
in biochemical and inflammatory markers, including serum bilirubin on postoperative
day 1 [MD: -0.27; 95%CI: (-0.47, -0.06), P = 0.01], C-reactive protein on postoperative
day 3 [MD: -4.89; 95%CI: (-5.83, -3.95), P < 0.001], and IL-6 on postoperative day 1
[MD: -54.84; 95%Cl: (-63.91, -45.76), P < 0.001].

Research conclusions

Perioperative steroids administration in HR may reduce overall complications,
postoperative bilirubin, and inflammation. Further studies are needed to determine
the optimal dose and duration, and patient selection.

Research perspectives

The International Study Group on Liver Surgery needs to make recommendations to
standardize the perioperative use of steroids in patients undergoing HR liver resection
as type, dose, and time of administration of perioperative steroids could impact
clinical outcomes. Lastly, there was also a lack of long-term follow-up data, and thus,
the impact on survival outcomes is not established.
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