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Abstract

Objectives To systemically review and compare the efficacy of intravenous, local, and oral steroids in decreasing post-
tonsillectomy pain, nausea, and vomiting, and its risk of causing hemorrhage.

Methods We searched electronic databases (PubMed, Scopus, Cochrane Library) and additional sources. The date of the
most recent search was June 20th, 2018. We selected RCTs of steroids in all routes of administration, in all age groups who
underwent tonsillectomy or adenotonsillectomy and studied the results of nausea/vomiting, pain, and hemorrhage. Data
analysis was done using Review Manager 5.3.5 software.

Results We included 64 studies (6,327 participants) with variety quality assessed by the Cochrane Handbook for Systematic
Reviews of Interventions. IV steroids statistically and clinically significant decrease post-tonsillectomy nausea/vomiting in
children and adult, with superior effect to local steroids (Children: OR 0.21; 95% CI 0.15-0.30; P <0.001, P=67%, Adult:
OR 0.32;95% C10.16-0.67; P=0.002, *= 40%). In the analysis of local steroids studies, there was only evidence in children
that local steroids decrease post-tonsillectomy nausea/vomiting (OR 0.54; 95% CI 0.33-0.88; P=0.01, >=32%). IV and
local steroids statistically significant decrease immediate post-operative pain severity. Local steroids had extended effect
in reducing pain scores on the first day after tonsillectomy. However, the clinical significance of pain relief had to be con-
cerned due to decreasing VAS only about 1 out of 10. Adding oral steroids to IV steroids gave no difference in effect from
IV steroids alone. There are very few local steroids studies in adults and oral steroids studies to show the significant effects.
Steroids have no statistically significant effect in reducing pain severity after a 1-day period. Steroids in all routes had no
statistically significant effects on post-operative hemorrhage (primary hemorrhage: OR 0.96; 95% CI 0.55-1.67; P=0.88,
P=0%: secondary hemorrhage: OR 1.05; 95% C10.74-1.51; P=0.79, P=0%).

Conclusion Intravenous steroids statistically significantly decrease post-tonsillectomy nausea/vomiting, and immediate pain
scores (<24 h) in children and adults. There is evidence in only children that local steroids statistically significantly decreases
post-tonsillectomy nausea/vomiting, and pain scores during the 0-h to 1-day period.
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Introduction

Tonsillectomy is a common surgical procedure, especially
in children. Post-tonsillectomy morbidities include pain,
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pharyngeal insufficiency, nasopharyngeal stenosis, atlanto-

D4 Chernkwan Titirungruang axial subluxation, and death [1]. Post-tonsillectomy pain,
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may prolong hospital stay and decrease patient quality of
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Corticosteroids have been studied to reduce post-ton-
sillectomy complications. The anti-inflammatory effect of
steroids reduces tissue edema, decreases pain nerve termi-
nal sensitization, reduces irritation to pharyngeal muscles,
and finally relieves post-operative pain [2]. In contrast, the
mechanism of the anti-emetic effect of steroids is not well
understood. In theory, steroids decrease nausea and vomiting
by action on the emetic center in the brain stem, decreasing
neuro-transmitters associated with vomiting and reducing
the triggering of parasympathetic nervous system at operat-
ing site [3].

Steroids are currently given intravenously. Meta-analy-
sis studies about the efficacy of intravenous steroids have
showed statistically significant reductions of post-operative
nausea/vomiting [2, 4-7] and pain in 24 h after tonsillectomy
[2, 4, 5, 8]. Steroids can be used not only as an intravenous
injection but also local injection, and oral ingestion. How-
ever, systematic reviews of the efficacy of local and oral
steroids have not been adequately studied.

Local steroids may be more advantageous than intra-
venous steroids in achieving a higher localized drug con-
centration without loss due to distribution or the onset of
elimination [9]. Local steroids are statistically significantly
better than intravenous steroids in decreasing pain scores in
1-16 h after tonsillectomy in Gao’s study [10], and in the
first 3 days after tonsillectomy in Basuni’s study [11], but
had no difference in anti-emetic effect in both studies. Post-
operative oral steroids may have advantage over a single
dose of intra-operative, intravenous steroids in decreasing
late complications.

Post-tonsillectomy hemorrhage is rare but has severe
complications. In an animal model study, steroids cause
post-operative bleeding by delaying wound healing, due
to decreasing collagen and fibrin deposition, suppressing
epidermal growth factor [12, 13], and inhibiting platelet
function [14]. The use of steroids should include increased
patient risk consideration for post-tonsillectomy hemor-
rhage, especially when used locally.

This meta-analysis aimed to systemically review and
compare the efficacy of intravenous, local, and oral steroids
in decreasing post-tonsillectomy pain, nausea, and vomiting,
and its risk of causing hemorrhage.

Materials and methods

Search strategy

Three authors (T.C., K.P.,, and S.K.) independently con-
ducted searches for published, unpublished, and ongoing
RCTs from electronic databases, via PubMed, Scopus, and

the Cochrane library. The date of the last search was June
20th, 2018. Search terms used were “(tonsillectomy OR
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adenotonsillectomy) AND (steroids OR prednisolone OR
dexamethasone OR triamcinolone).” We manually searched
other sources from the Chulalongkorn Medical Library and
those existing primary researches in previous meta-analyses.

Selection of studies

The inclusion criteria were articles relating to: (1) patients in
all age groups who underwent tonsillectomy or adenotonsil-
lectomys; (2) steroids administered intravenously, locally, or
orally, all dose ranges, and all types of synthetic pharmaceu-
tical drugs; (3) comparisons of steroids versus non-steroids,
which were normal saline, placebo tablets, or no medication;
(4) at least one of the outcome measures mentioned below
was reported: (4.1) post-operative pain severity, in 4 dura-
tions after surgery: <24 h, 1 day, 3 days, and 7 days, meas-
ured by pain scores, assessed by patients or caregivers, (4.2)
nausea and/or vomiting events, (4.3) post-operative primary
hemorrhage (bleeding in first 24 h after surgery), and sec-
ondary hemorrhage (bleeding in > 24 h after surgery) events;
(5) randomized controlled trials. Articles with the following
exclusion criteria were eliminated if: (1) report data were
incorrect or incomplete and could not provide outcome stud-
ies, (2) repeated published literature, and (3) on-going or
terminated trials which results were not reported.

Three authors (TC, KP, and SK) independently reviewed
titles and abstracts of all studies, and selected the studies that
met the selection criteria. We obtained the full texts of the
articles, arranged translation accordingly, and if necessary,
contacted the investigators for any insufficient data. Dis-
crepancies were resolved by discussion or through a fourth
investigator (HP).

Quality assessment

Three authors (TC, KP, and SK) independently assessed the
methodological quality of included studies according to the
Cochrane Handbook for Systematic Reviews of Interven-
tions Version 5.1.0 recommended by Cochrane Collabora-
tion. Evaluation included seven items: random sequence
generation, allocation concealment, blinding of participants
and personnel, blinding of outcome assessment, incomplete
outcome data, selective reporting, and other bias. Each item
was judged as “low risk”, “unclear risk”, and “high risk.”
Discrepancies were resolved by discussion or through a
fourth investigator (H.P.).

Data extraction

Two authors (TC and KP) independently extracted and
recorded data onto record forms. Patient information
included patient age, surgical technique, steroids route,
steroids dosage, placebo, follow-up time, severity of pain,
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number of patients with post-operative nausea/vomiting, and
number of patients with post-operative hemorrhage.

Statistical analysis

We measured treatment effects using a standardized mean
difference (SMD) for the pain severity score and odds ratio
(OR) for nausea/vomiting and hemorrhage events. Data
were analyzed using Review Manager version 5.3.5. We
assessed the presence of heterogeneity using the /* statistic
with statistical heterogeneity at P <(.1. Review Manager
analyzed data using the fixed-effects method for data with-
out heterogeneity and the random-effects method for data
with heterogeneity. We also conducted a subgroup analysis
for route of steroids administration, adult/children patients,

and dosage of steroids. We performed sensitivity analysis
based the following: high methodological quality study,
exclusion of studies that caused heterogeneity, and exclu-
sion of studies with different pain score systems.

Results
Study selection

We retrieved a total of 393 references. After titles and
abstract review, 296 studies were excluded. 97 studies
were considered possible inclusion, and full papers were
further reviewed. Of these, 64 met the selection criteria
and were included in the meta-analysis (Fig. 1).

Fig.1 PRISMA flow diagram
of study searching strategy
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Quality assessment

A summary of quality evaluation results for included stud-
ies is presented in Figs. 2 and 3. About 50% of the included
studies had low risk of randomization. 70% of the included
studies had adequate concealment of allocations. Three stud-
ies had high risk of selection bias due to using non-random
component in the sequence generation process and inad-
equate concealment of allocations prior to assignment. All
studies had no detection bias because outcome measurement
was not influenced by lack of blinding the outcome asses-
sors. Most of studies had low risk of performance bias, and
two studies had high risk of performance bias due to lack of
blinding the participants that may influence the pain sever-
ity outcome. More than half of the included studies did not
mention drop-out participants or missing data. Six studies
had high risk of attrition bias due to a large proportion of
drop-out participants without explanation. All of the studies
had low risk of reporting bias.

Characteristics of included studies

64 studies were included in this meta-analysis (6327 partici-
pants) [10, 15-77]. Characteristics of the included studies
are shown in Table 1. 47 studies used intravenous steroids
injection (dexamethasone dose ranging from 0.05 to 1 mg/
kg). 11 studies used local steroids injection, of which 8
studies used dexamethasone ranging from 0.3 to 1 mg/kg,
1 study used triamcinolone acetonide 10 mg, 1 study used
deposteroids 20 md, and 1 study did not mention details of
steroids and dosage. Three studies used oral steroids (predni-
solone dose ranging from 0.25 to 0.5 mg/kg/day for 5-7 days
following tonsillectomy). One study compared intravenous
dexamethasone, or local dexamethasone to placebo. Two
studies used combination of intravenous dexamethasone plus

Random sequence generation (selection bias)

oral prednisolone. Of 64 studies, 61 studies were published
in English. Three studies were published in other languages,
which were Korean, Chinese, and Hebrew.

From all studies, 42 studies were conducted in children
(33 studies used intravenous steroids, 6 studies used local
steroids, 1 study used oral steroids, 1 study compared intra-
venous to local steroids, and 1 study combined intravenous
with oral steroids). 18 studies were conducted in adults (13
studies used intravenous steroids, 4 studies used local ster-
oids, and 1 study combined intravenous with oral steroids).
3 studies were conducted in both children and adults (1 study
used intravenous steroids, and 2 studies used oral steroids).
1 study did not mention about age of participants.

Effects of interventions
Nausea and/or vomiting

46 studies (4,784 participants) were included in this analy-
sis. Results showed a statistically significant OR, favoring
steroids (OR 0.31; 95% C1 0.24-0.40; P <0.001). High het-
erogeneity regarding the odds ratio was noted (I*=82.6%;
P <0.001). The result is shown in Fig. 4.

Subgroup analysis (Nausea and/or vomiting): routes
of administration From 46 studies about nausea and/or
vomiting outcome, 35 studies used IV steroids, 7 studies
used local steroids, 3 studies used oral steroids, and 2 stud-
ies used I'V-oral steroids combination.

The analysis of IV and local steroids studies showed
a statistical difference in the OR of nausea/vomiting
events, favoring steroids (IV steroids: OR 0.24; 95% CI
0.18-0.33; P<0.0001, I*>=65%, Local steroids: OR 0.56;
95% CI 0.36-0.87; P=0.009, I>’=22%). A test of sub-
group differences comparing IV to local steroids showed
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Fig.2 Quality assessment summary for included studies: risk of bias graph
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a statistically significant difference, favoring IV steroids
(x?=9.32, P=0.002).The analysis of oral steroids stud-
ies did not show a statistical difference. Meanwhile, the
analysis of IV-oral steroids combination studies showed a
statistical difference, favoring steroids. (oral steroids: OR
0.85; 95% CI 0.53-1.35; P=0.49, I’ =0%, [V-oral ster-
oids combination: OR 0.38; 95% CI1 0.21-0.7; P=0.002,
I?=0%). However, adding oral to IV steroids did not show
any statistically significant difference in the subgroup

difference testing when compared to IV steroids alone
(#*=1.72,P=0.19).

In conclusion, IV or local steroids statistically signifi-
cantly decreases post-tonsillectomy nausea/vomiting. IV
steroids were superior to local steroids. Oral steroids gave
no statistically significant effect. The result of subgroup
analysis according to the route of steroids administration
is shown in Fig. 4.
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Steroids Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
111NV
Ohlms 1995 12 34 15 35 24% 0.73[0.28,1.92] 1995 G i
Splinter 1996 25 B3 50 70 28% 0.26[0.13,0.54] 1996 —_—
April 1996 2 M 10 30 1.5% 0.10([0.02,0.51] 1996
Fujii 1996 2 30 8 30 15% 0.20[0.04,1.02] 1996
Tom 1996 1 26 15 32 11% 0.05[0.01,0.38] 1996 ———
Pappas 1998 30 63 57 B5 25% 0.13[0.05,0.31] 1998 —
Vosdoganis 1999 10 22 12 19 20% 0.49(0.14,1.70] 1999 —
Holt 2000 20 66 kil 59  28% 0.39[0.19,0.82] 2000 —
Aouad 2001 23 53 51 53 1.6% 0.03[0.01,0.14] 2000 &————
Gianonni 2002 5 22 8 25 19% 0.63[0.17,2.30] 2002 —
Elhakim 2003 11 55 kil 55  26% 0.19[0.08, 0.45] 2003
Al-shehri 2004 0 15 2 15 06% 0.17[0.01,3.96) 2004 +
Hanasono 2004 1 106 2 113 09% 0.53[0.05,5.92] 2004
Samarkandi 2004 11 29 23 31 22% 0.21 [0.07,0.64] 2004
Malde 2005 13 45 14 45 25% 0.90(0.36, 2.22] 2005 ——
Mohammad 2006 1 25 5 25 1.0% 0.17[0.02,1.55] 2006
Kaufmann 2006 710 53 103 26% 0.07 [0.03,0.17] 2006
Mckean 2006 724 17 22 19% 0.12[0.03, 0.46] 2006
Kaan 2006 6 32 10 30 21% 0.46[0.14,1.48] 2006 =
Fazel 2007 7 50 25 50 24% 0.16[0.06, 0.43] 2007
Liechti 2007 13 45 27 45  25% 0.27[0.11, 0.65] 2007
Alajami 2008 2 42 25 38 16% 0.03[0.01,013] 2008 ————
Ruirojindakul 2008 4 25 725 18% 0.49[0.12,1.95] 2008 —
Czametzki 2008 39 159 24 54  29% 0.41[0.21,0.78] 2008 —
Karaman 2009 6 100 40 50 2.2% 0.02[0.01,0.05 2008 —
Bhattacharya 2009 4 50 15 50 21% 0.20[0.06, 0.67] 2009
Khani 2009 6 33 17 33 22% 0.21[0.07,0.64] 2009
Mathiesen 2011 3 43 9 45 23% 1.06[0.38, 2.98] 2011 T
Islam 2011 2 50 8 50 15% 0.22[0.04,1.09] 2011
Hermans 2012 21 100 21 4 27% 0.29[0.14,0.62] 2012
Savafi 2012 7 45 9 43 22% 0.70[0.23,2.07] 2012 —_—T1
Thimmasetaiah 2012 13 75 12 25 24% 0.23[0.08,0.61] 2012
Hashmi 2012 8 50 23 50 24% 0.22[0.09,0.57] 2012
Amin 2014 6 40 8 40 21% 0.71[0.22,2.26] 2014 —
Gao 2015 12 78 19 79 27% 0.57[0.26,1.28] 2015 ==
Subtotal (95% CI) 1837 1578 72.1% 0.24[0.18, 0.33] R
Total events 346 703
Heterogeneity: Tau®= 0.54; Chi*= 97.71, df = 34 (P < 0.00001); F= 65%
Test for overall effect: Z= 8.76 (P < 0.00001)
1.1.2 Local
Rundle 1967 11 100 9 100 24% 1.25(0.49,3.16] 1967 —t—
Montazeri 2009 5 3 7003 19% 0.66[0.18, 2.36] 2009 —
Ju2013 19 95 41 94  29% 0.32[0.17,0.62] 2013 —
Aysenur 2014 2 20 7020 14% 0.21[0.04,1.16] 2014 r
Bayram 2015 7 20 8 20 19% 0.81[0.22,2.91] 2015 —_— 1
Gao 2015 14 78 19 79 27% 0.69[0.32,1.50] 2015 —
Topal 2017 9 20 13 20 19% 0.44[012,1.57] 2017 —
Subtotal (95% CI) 364 364 15.2% 0.56 [0.36, 0.87] -
Total events 67 104
Heterogeneity: Tau®= 0.08; Chi*= 7.71, df= 6 (P = 0.26); F= 22%
Test for overall effect: Z= 2.61 (P = 0.009)
1.1.3 Oral
Palme 2000 12 25 15 25 22% 0.62[0.20,1.89] 2000 —
Maccassey 2012 25 91 30 102 29% 0.91[0.49,1.70] 2012 ——
Park 2015 10 99 11 99  25% 0.90(0.36,2.22] 2015 ———
Subtotal (95% CI) 215 226 7.6% 0.85[0.53, 1.35] ’
Total events 47 56
Heterogeneity: Tau®= 0.00; Chi*= 0.38, df= 2 (P = 0.83), F=0%
Test for overall effect: Z= 0.70 (P = 0.49)
1.1.4 Combine IV and Oral
Stewart 2002 10 52 18 48  25% 0.40[0.16,0.98] 2002
Bahammam 2015 17 50 29 50 26% 0.37[0.17,0.84] 2015 —_—
Subtotal (95% Cl) 102 98  5.1% 0.38[0.21, 0.70] <
Total events 27 47
Heterogeneity: Tau®= 0.00; Chi*= 0.01, df=1 (P = 0.92); F= 0%
Test for overall effect: Z=3.11 (P = 0.002)
Total (95% CI) 2518 2266 100.0% 0.31[0.24, 0.40] -3
Total events 487 910

ity 2= . i#= = R 4 1 L '

Heterogeneity: Tau®= 0.51; Chi*= 134.93, df = 46 (P < 0.00001); F= 66% oz oh h =

Test for overall effect: Z=8.70 (P < 0.00001)

Test for subgroup differences: Chi*= 21.67, df= 3 (P < 0.0001), F= 86.2%

@ Springer

Fig.4 Nausea/vomiting, odds ratio (OR), steroids versus control: random-effect model

Favours [Steroids] Favours [Control]
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Pain severity 41 studies (3477 participants) were included
in the analysis. Results showed a statistical difference
of SMD of pain scores favoring steroids in all 4 periods
(<24 h, 1 day, 3 days, 7 days) after tonsillectomy (<24 h:
SMD —0.74; 95% CI —1.02 to —0.53; P<0.001; *=69%,
Day 1: SMD —-0.99; 95% CI —1.32 to —0.67; P<0.001;
P=92%, Day 3: SMD —0.62; 95% CI —1.05 to —0.19;
P<0.001; *=89%, Day 7: SMD —0.46; 95% CI —0.75
to —0.18; P<0.001; 12=78%). The analysis showed peak
effect of steroids on the first day. These results are shown in
Figs. 5, 6,7 and 8.

Subgroup analysis (pain severity): routes of administra-
tion In 28 studies about immediate post-operative (<24 h)
pain severity outcome, there were studies that used IV and
local steroids. There was no oral steroids study measured
immediate post-operative pain outcome. The analysis of IV
and local steroids studies showed a statistical difference in
SMD of pain scores, favoring steroids, with high heteroge-

neity (IV steroids: SMD —0.78; 95% CI —1.09 to —0.48;
P<0.001; ?=90%, local steroids: SMD —0.77; 95% CI
—1.12 to —0.42; P<0.001; 12=69%). A test of subgroup
differences comparing IV to local steroids showed no statis-
tically significant difference (y>=0, P=0.95).

In 26 studies about pain severity outcome on the first
day after surgery, there were studies that used IV and local
steroids. There was no oral steroids study measured pain out-
come on the first day. The analysis of IV and local steroids
studies showed a statistical difference in SMD of pain scores,
favoring steroids, with high heterogeneity (IV steroids: SMD
—0.97; 95% CI —1.38 to —0.56; P <0.001; I*=92%, local
steroids: SMD —1.12; 95% CI —1.77 to —0.48; P<0.001;
’=90%). A test of subgroup differences comparing IV to
local steroids showed no statistically significant difference
(¥*=0.16, P=0.69).

In 13 studies about pain severity outcome on the 3rd
day after tonsillectomy, there were studies that used IV,
local, and oral steroids. Only local steroids studies also

Steroid Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.21 NV
Ohlms 1995 0.57 0.29 34 0.59 0.27 35 35% -0.07 [-0.54, 0.40] 1995 .
Yosdoganis 1999 1 00003 22 1 00003 19  3.2% 0.00 [-0.61,0.61] 1999 L
Gianonni 2002 57 1.2304 25 5 1.2304 25  33% 0.56 [-0.01,1.13] 2002 —
Elhakim 2003 1.1 0.67 55 3.2 1.32 55  3.5% -1.99[-2.45,-1.53] 2003 -_
Malde 2005 35 10 29 40 12 34 35% -0.44 [-0.95,0.06) 2005 —a
Kaufmann 2006 1.18 0479 101 1.546 0675 103 3.8% -0.62 [-0.90,-0.34] 2006 =
Mckean 2006 54 21632 24 7 21632 22 33% -0.73[-1.33,-0.13] 2006 —
Kaan 2006 243 0.68 32 2.93 0.73 30 3.4% -0.70 [-1.21,-0.19] 2006 -_—
Mohammad 2006 1.72 0.79 25 2.44 0.65 25  33% -0.98 [-1.57,-0.39] 2006 -
Lachance 2008 71.8 20.4367 31 78.925 204367 61 3.6% -0.35[-0.78,0.09] 2008 =
Ruirojindakul 2008 49 21 25 56 1.898 25 3.4% -0.34 [-0.90,0.22] 2008 ——
Khani 2009 2.2 0.96 33 315 0.98 33 3.4% -0.97 [-1.48,-0.46) 2009 ——
Mohamed 2009 1.31 0.48 50 4.49 0.72 50 2.8% -5.16 [-5.99,-4.33] 2009
Mathiesen 2011 26.5 22.64 43 345 255 45  36% -0.33[-0.75,0.09] 2011 ==
Khalili 2012 2.57 1 35 2.46 1 35 35% 011 [-0.36,0.58] 2012 =
Thimmasetaiah 2012 3.1 1.1 25 493 1.08 25  3.2% -1.64 [-2.28,-0.99] 2012 —_—
Hashmi 2012 4.28 0.58 50 5.31 0.99 50 3.6% -1.26 [1.69,-0.83] 2012 —
Buland 2012 3.48 2.46 30 5.33 2.94 30 3.4% -0.67 [1.19,-0.15) 2012 =
Savafi 2012 1.43 0678 30 1.73 0.751 30 3.4% -0.41 [-0.93,0.10] 2012 .
Khan 2012 1.57 0.74 50 214 0.84 50 3.6% -0.71F1.12,-0.31) 2012 =
Amin 2014 2.42 092 30 31 1.2 30 3.4% -0.63[1.15,-0.11] 2014 ==
Gao 2015 1.8 117 78 26 0.85 79 38% -0.78[1.10,-0.45] 2015 =
Lakhan 2017 533 1.0874 60 6 1.0874 60  3.7% -0.61 [-0.98,-0.25] 2017 =
Subtotal (95% CI) 917 951  79.5% -0.78 [-1.09, -0.48] &
Heterogeneity: Tau®= 0.49; Chi*= 210.50, df= 22 (P < 0.00001); F= 90%
Test for overall effect: Z=5.04 (P < 0.00001)
1.2.2 Local
Montazeri 2009 2.4 2.46 kil 3.23 2.89 3 3.5% -0.31 [-0.81,0.20] 2009 T
Ju 2013 24 0.95 95 2.98 1 94  38% -0.59[-0.88,-0.30] 2013 ===
Aysenur 2014 0.48 0128 20 0.66 0.42 20 3.2% -0.57 [-1.20,0.07] 2014 =1
Bayram 2015 53 2.55 20 6.92 24 20 3.2% -0.64 [-1.28,-0.00] 2015 ==t
Gao 2015 1.3 1.08 78 26 0.85 79 37% -1.33[-1.68,-0.99] 2015 ==
Topal 2017 7.34 11 20 8.66 1.24 200 31% -1.10[1.77,-0.43] 2017 —_—
Subtotal (95% CI) 264 264 20.5% -0.77 [-1.12,-0.42] Eod
Heterogeneity: Tau*= 0.12; Chi*= 16.29, df= 5 (P = 0.006); I*= 69%
Test for overall effect: Z= 4.29 (P < 0.0001)
Total (95% Cl) 1181 1215 100.0% -0.77 [-1.02, -0.53] &
Heterogeneity: Tau®= 0.39; Chi*= 227.71, df= 28 (P < 0.00001); F= 88% 72 5 % i

Test for overall effect. Z=6.13 (P < 0.00001)

Test for subaroup differences: Chi*= 0.00, df=1 (P = 0.95), F=0%

Favours [Steroids] Favours [control)

Fig.5 Immediate pain severity (<24 h after tonsillectomy), standardized mean difference (SMD), steroids versus control: random-effect model
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IV steroid Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI _Year IV, Random, 95% CI
131NV
Tewery 1993 4 13856 40 39 1385 42 39% 0.07 [-0.36,0.50] 1993 - o
Ohlms 1995 0.5 03 34 058 0.24 35 38% -0.29[-0.77,0.18] 1995 e
Carr 1999 51 1 15 6.2 1 14 34% -1.07 [-1.86,-0.28) 1999 E—
Yosdoganis 1999 1 0.0004 22 1 0.0004 19  3.6% 0.00 [-0.61,0.61] 1999 I
Gianonni 2002 48 03514 25 5 03514 25 37% -0.56 [-1.13,0.01] 2002 —_—
Elhakim 2003 0.8 0.4 55 29 08 55 37% -2.99 [-3.54,-2.44] 2003 =
Hanasono 2004 44 25962 106 6.3 3219 113 4.0% -0.31 [-0.57,-0.04] 2004 =
Al-shehri 2004 6.03 095 15 8.2 0.84 15 31% -2.35[-3.31,-1.40) 2004
Malde 2005 125 8.44 29 275 7.92 34 36% -1.81[-2.41,-1.22) 2005 I
Mckean 2006 53 04506 24 54 0.4506 22 37% -0.22 [-0.80, 0.36) 2006 -1
Ruirojindakul 2008 38 16 25 4 1.2 25 37% -0.14 [-0.69,0.42] 2008 i
Lachance 2008 67.5 204945 31 7154 204945 61 3.9% -0.20 [-0.63,0.24] 2008 ——
Ammar 2009 5.1 149 30 6.26 1.1 30 37% -0.87 [-1.40,-0.34] 2009 ——
Viaman 10.2012 51 21 30 6.6 23 30 3.8% -0.67 [(1.19,-0.15) 2011 ==
Vaiman 6.2011 49 241 30 6.7 24 30 37% -0.79[-1.31,-0.26] 2011 —_—
Mathiesen 2011 67.5 204945 31 7154 204945 61 3.9% -0.20 [-0.63, 0.24] 2011 s
Thimmasetaiah 2012 1.16 0.37 25 436 1.08 25 3.0% -3.90[-4.87,-2.93] 2012 —
Savafi 2012 0.6 0.7 30 09 0.75 30 3.8% -0.41 [-0.92,010] 2012 =T
Hashmi 2012 217 0073 50 4.06 0.84 50 3.6% -3.15[-3.74,-2.55) 2012 ===
Gao 2015 05 0.6 78 0.8 0.7 79 4.0% -0.46 [[0.77,-0.14] 2015 =
Subtotal (95% Cl) 725 795 73.6% -0.97 [-1.38, -0.56] <
Heterogeneity: Tau*= 0.77; Chi*= 249.47, df=19 (P < 0.00001); F=92%
Test for overall effect: Z= 4.68 (P < 0.00001)
1.3.2 Local
Kerekhanjanarong 2001 7.2 325 50 987 066 50 3.9% -1.13 [-1.55,-0.71] 2001 I
Kaygusuz 2003 25 15 20 42 1 50  3.7% -1.45[-2.02,-0.87) 2003 —_—
Kim SH 2004 48 05 40 49 0.4 40  3.9% -0.22 [-0.66, 0.22] 2004 =T
Ju2013 0.34 003 95 113 0.51 94 39% -2.18[-2.55,-1.82) 2013 =
Aysenur 2014 0.38 017 20 053 0.25 20 36% -0.69 [-1.33,-0.05] 2014 ——
Gao 2015 0.3 0.7 78 0.8 0.7 79 4.0% -0.71 [-1.03,-0.39) 2015 ==
Topal 2017 47 06 20 5:5 09 20 35% -1.03 [-1.69,-0.36) 2017 —
Subtotal (95% CI) 323 353 26.4% -1.06 [-1.60, -0.52] -
Heterogeneity: Tau®= 0.47, Chi*= 58.59, df= 6 (P < 0.00001); F=90%
Test for overall effect: Z= 3.86 (P = 0.0001)
Total (95% CI) 1048 1148 100.0% -0.99 [-1.32, -0.66] L5
Heterogeneity: Tau®= 0.69; Chi*= 325.03, df= 26 (P < 0.00001); F=92% 54 12 o é j‘

Test for overall effect: Z= 5.87 (P < 0.00001)
Test for subaroup differences: Chi*= 0.07, df=1 (P=0.79), F=0%

Favours [steroids] Favours [control]

Fig.6 Pain at day 1 after tonsillectomy, standardized mean difference (SMD), steroids versus control: random-effect model

showed a statistical difference, favoring steroids. The anal-
ysis of IV and oral steroids showed no statistical differ-
ence (IV steroids: SMD —0.30; 95% CI —1.05 to —0.19;
P=0.21; ’=77%, local steroids: SMD —0.94; 95% CI
—1.80 to —0.07; P=0.03; I’=91%, oral steroids: SMD
—0.78; 95% CI —2.05 to —0.05; P=0.23; ’=94%). A
test of subgroup differences comparing route of steroids
administration showed no statistically significant differ-
ence (y>=1.85, P =0.40).

In 13 studies about pain severity outcome on the 7th
day after tonsillectomy there were studies that used IV,
local, and oral steroids. Although the analysis of all routes
of administration showed a statistical difference favoring
steroids, the subgroup analysis of each routes showed no
statistical difference in SMD of pain scores on the 7th after
tonsillectomy (IV steroids: SMD —0.40; 95% CI —0.89
to 0.10; P=0.12; 12=72%, local steroids: SMD —0.59;
95% CI —1.20 to 0.03; P=0.06; I>=84%, oral steroids:
SMD —0.36; 95% CI —0.77 to 0.06; P =0.09; I =76%).
A test of subgroup differences comparing route of steroids

@ Springer

administration showed no statistically significant differ-
ence (y2=0.38, P=0.83).

In conclusion, IV or local steroids statistically signifi-
cantly decreases pain severity during the 0-h to 1-day period.
Only local steroids showed statistically significant effect on
the third day. Oral steroids gave no statistically significant
effect. The result of subgroup analyses according to the route
of steroids administration is shown in Figs. 5, 6, 7 and 8.

Hemorrhage

15 studies (1,736 participants) about primary hemorrhage
outcome were included in this analysis. Results showed no
statistically significant OR of primary hemorrhage events
(OR 0.96; 95% CI 0.55-1.67; P=0.88). No heterogeneity
regarding the OR was noted (I*=0%; P=0.86). The results
are shown in Fig. 9.

23 studies (2440 participants) about secondary hem-
orrhage outcome were included in this analysis. Results
showed no statistically significant OR of secondary
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IV steroid Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI _Year IV, Random, 95% CI
141NV
Ohims 1995 04 0.29 34 044 0.26 35 8.0% -0.14 [-0.62,0.33] 1995 —er-
Carr 1999 46 1.5 15 5.1 19 14 7.0% -0.29[-1.02,0.45] 1999 —_—
Gianonni 2002 29 07034 25 25 07034 25 7.6% 0.56 [-0.01,1.13] 2002 —
Mckean 2006 52 1.7584 24 61 1.7584 22 76% -0.50 [-1.09,0.09] 2006 ——
Lachance 2008 57 207258 31 60.64 20.7258 61 8.1% -0.17 [-0.61,0.26) 2008 b
Ammar 2009 1.89 112 30 347 1.3 30 77% -1.29[-1.84,-0.73] 2009 —%
Subtotal (95% CI) 159 187 46.0% -0.30[-0.77,0.17] B

Heterogeneity: Tau®= 0.26; Chi*= 21.97, df=5 (P = 0.0005), F=77%
Test for overall effect: Z=1.27 (P =0.21)

1.4.2 Local

Kerekhanjanarong 2001 3.67 3.35 49 973 0.91 50 7.8% -2.46[-2.99,-1.93] 2001 —

Kaygusuz 2003 25 1.3 20 3 1.4 20 7.4% -0.36 [-0.99, 0.26] 2003 — T
Kim SH 2004 49 0.4 40 5 0.5 40  81% -0.22 [-0.66,0.22) 2004 ==
Aysenur 2014 0.27 015 20 047 0.25 20 7.3% -0.95[-1.61,-0.29] 2014 —
Bayram 2015 4.4 23 20 58 1.7 20 7.4% -0.68 [-1.32,-0.04] 2015 —_—
Subtotal (95% CI) 149 150 38.0% -0.94 [-1.80, -0.07] e

Heterogeneity: Tau®= 0.88; Chi*= 46.23, df= 4 (P < 0.00001); F=91%
Test for overall effect: Z=2.13 (P=0.03)

1.4.3 Oral
Palme 2000 42 08 25 43 095 25 7.7% -0.11 [-0.66, 0.45] 2000 —_—
Maccassey 2012 24 03 91 29 04 91 84%  -1.41[1.73,-1.08 2012 —

Subtotal (95% CI) 116 116 16.1%  -0.78[-2.05,0.50] e I

Heterogeneity: Tau®= 0.79; Chi*=15.74, df=1 (P < 0.0001); F= 94%
Test for overall effect Z=1.19 (P = 0.23)

Total (95% CI) 424 453 100.0% -0.62 [-1.05, -0.19] R
Heterogeneity: Tau®= 0.55; Chi*=107.67, df=12 (P < 0.00001); F= 89%
Test for overall effect: Z= 2.81 (P = 0.005)

Test for subaroup differences: Chi*=1.85, df=2 (P=0.40), F=0%

-4 -2 0 2 4
Favours [steroids] Favours [control]

Fig. 7 Pain at day 3 after tonsillectomy, standardized mean difference (SMD), steroids versus control: random-effect model

IV steroid Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI _Year IV, Random, 95% CI
151V
Ohims 1995 0.26 0.25 34 0.3 0.24 35 8.2% -0.16 [-0.63,0.31] 1995 I
Carr 1999 29 1.3 15 34 1.6 14 62% -0.33[-1.07,0.40] 1999 —
Al-shehri 2004 313 0.81 15 457 118 15  57% -1.38[-2.19,-0.58] 2004
Mckean 2006 45 22659 24 6 2.2659 22 7.2% -0.65[-1.25,-0.06] 2006
Lachance 2008 61.04 21.3504 kil 56 21.3504 61 8.5% 0.23[-0.20,0.67] 2008 —_e—
Subtotal (95% CI) 119 147 35.8% -0.40[-0.89, 0.10] R
Heterogeneity: Tau®= 0.22; Chi*=14.28, df= 4 (P = 0.006), F=72%
Testfor overall effect Z=1.57 (P=0.12)
1.5.2 Local
Kerekhanjanarong 2001 0.27 0.91 50 4.4 3.65 50 8.4% -1.54 [-1.99,-1.09] 2001 =
Kaygusuz 2003 1.5 0.6 20 1.7 09 20 7.0% -0.26 [-0.88, 0.37] 2003
Kim SH 2004 43 0.4 40 43 0.5 40  8.4% 0.00 [-0.44,0.44] 2004 .
Aysenur 2014 0.24 018 20 0.4 0.25 20 69% -0.72[-1.36,-0.08) 2014 —_——
Bayram 2015 38 27 20 48 23 20 7.0% -0.39[-1.02,0.24] 2015 —_— 1
Subtotal (95% Cl) 150 150 37.7% -0.59 [-1.20, 0.03] Uz
Heterogeneity: Tau®= 0.41; Chi*= 25.80, df= 4 (P < 0.0001), F=84%
Test for overall effect: Z=1.87 (P = 0.06)
1.5.3 Oral
Palme 2000 28 0.8 25 34 1 25 7.4% -0.65[-1.22,-0.08] 2000
Maccassey 2012 2.2 0.2 91 2.2 02 102 956% 0.00[-0.28,0.28] 2012 ==
Park 2015 1.92 1.74 99 3 2.32 99  9.6% -0.52[-0.81,-0.24] 2015 ==
Subtotal (95% CI) 215 226 26.5% -0.36 [-0.77, 0.06] -
Heterogeneity: Tau®= 0.10; Chi*= 8.21, df= 2 (P = 0.02); F= 76%
Test for overall effect: Z=1.69 (P = 0.09)
Total (95% CI) 484 523 100.0% -0.46 [-0.75, -0.18] <
Heterogeneity: Tau®= 0.20; Chi*= 53.93, df= 12 (P < 0.00001); F=78% ?2 11 ) + é

Test for overall effect. Z=3.18 (P = 0.001)

R . Favours [steroids] Favours [control]
Test for subaroup differences: Chi*=0.38, df=2 (P=0.83), F=0%

Fig. 8 Pain at day 7 after tonsillectomy, standardized mean difference (SMD), steroids versus control: random-effect model

@ Springer



598 European Archives of Oto-Rhino-Laryngology (2019) 276:585-604
Steroid Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
1.6.1IV
April 1996 1 4 1 39 40% 095[0.06,15.73] 1996
Carr 1989 0 15 1 14 6.0% 0.29[0.01,7.74] 1999
Holt 2000 1 66 2 58 8.3% 0.44 [0.04, 4.96] 2000 _—
Hanasono 2004 0 106 1 113  58% 0.35([0.01,8.74] 2004
Mohammad 2006 0 25 1 25  59% 0.32[0.01,8.25] 2006
Kaufmann 2006 0 10 0 103 Not estimable 2006
Czarnetzki 2008 5 159 0 54 29% 3.88(0.21,71.33) 2008
Ruirojindakul 2008 0 25 0 25 Not estimahle 2008
Gallagher 2012 17 157 13 157 46.2% 1.35([0.63,2.87] 2012 i—
Subtotal (95% CI) 695 589 78.9% 1.09 [0.59, 2.01]
Total events 24 19
Heterogeneity. Chi*= 3.22, df=6 (P=0.78); F=0%
Testfor overall effect Z=0.29 (P=0.77)
1.6.2 Local
Rundle 1967 0 100 2 100 9.9% 0.20[0.01,4.14) 1867
Egeli 1987 1 25 1 27 3.7% 1.08[0.06,18.30) 1897
Kim SH 2004 0 40 0 40 Not estimahle 2004
Aysenur 2014 0 20 0 20 Not estimable 2014
Bayram 2015 1 20 2 20 76% 0.47 [0.04,5.69] 2015
Topal 2017 0 20 0 20 Not estimahle 2017
Subtotal (95% CI) 225 227 21.1%  0.45[0.10, 2.06] iR
Total events 2 5
Heterogeneity: Chi*= 0.66, df=2(P=0.72); F=0%
Test for overall effect: Z=1.03 (P =0.30)
Total (95% Cl) 920 816 100.0%  0.96 [0.55, 1.67] <>
Total events 26 24
iR iR - - — R - } 1 I il
Heterogeneity: Chi*= 4.73, df= 8 (P = 0.86); F=0% 0005 01 10 200

Test for overall effect: Z=0.15 (P =0.88)

Test for subaroup differences: Chi*=1.13,df=1 (P=0.29), F=11.3%

Risk [control] Risk [steroids]

Fig.9 Primary hemorrhage, odds ratio (OR), steroids versus control: fixed-effect model

hemorrhage events (OR 1.05; 95% CI1 0.74-1.51; P=0.79).
No heterogeneity regarding the OR was noted (I>=0%; P
=0.72). The results are shown in Fig. 10.

Subgroup analysis (hemorrhage): routes of administra-
tion In 15 studies about primary hemorrhage outcome,
there were studies that used IV, and local steroids. The anal-
ysis showed no statistical difference in the OR of primary
hemorrhage events (IV steroids OR 1.09; 95% CI 0.59-
2.06; P=0.80, I’=0%, local steroids: OR 0.48; 95% CI
0.10-2.38; P=0.37, = 0%). A test of subgroup differences
comparing route of steroids administration did not show a
statistically significant difference (y*>=1.13, P=0.29).

In 23 studies about secondary hemorrhage outcome, there
were studies that used IV, local, oral, and I'V-oral steroids
combination. The analysis showed no statistical difference
in the OR of secondary hemorrhage events (IV steroids: OR
1.21;95% C10.75-1.96; P=0.44, >=0%, local steroids: OR
1.29; 95% C1 0.48-3.51; P=0.62, I*=0%, oral steroids: OR
0.90; 95% CI 0.36-2.22; P=0.82, I* NA, combination of
oral and IV steroids: OR 0.60; 95% CI 0.23-1.57; P=0.30,
I NA). A test of subgroup differences comparing route of

@ Springer

steroids administration did not show any statistically signifi-
cant difference (y>=1.89, P=0.60).

In conclusion, steroids in all route of administration had
no statistically significant effect in increasing primary and
secondary hemorrhage events. Results of these subgroup
analyses according to the route of steroids administration
are shown in Figs. 9 and 10.

Subgroup analysis: age of participants and doses of steroids
administration The analysis of IV steroids in children and
adult showed a statistical difference in OR of nausea/vom-
iting events, and SMD of immediate pain severity within
1 day after surgery, favoring steroids. Test of subgroup dif-
ferences did not show any statistically significant differ-
ences in all results.

The analysis of local steroids in children showed a statis-
tical difference in OR of nausea/vomiting events, and SMD
of immediate pain severity within 3 day after surgery, favor-
ing steroids. However, there were small numbers of stud-
ies that used local steroids in adult with analyses showing
no statistical differences in all results. Results are shown in
e-figures 1-5 in the electronic supplement.
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Steroid Control Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
171V
Catlin 1891 2 10 1 15  11% 3.50([0.27, 44.95] 1991 —
April 1996 0 41 0 39 Not estimahle 1996
Tom 1996 1 26 2 32 3.0% 0.60[0.05,7.01] 1996 —_—
Carr 1999 1 15 1 14 1.7% 093([0.0516.42] 1999
Gianonni 2002 1 25 1 25 1.7% 1.00[0.06,16.893] 2002
Hanasono 2004 2 1086 4 113 66% 0.52(0.09,2.92) 2004 —_—T1
Malde 2005 0 25 1 25  25% 0.32[0.01,8.25) 2005
Kaufmann 2006 3 10 4 103 6.6% 0.76 [0.17,3.47) 2006 —_—
Mohammad 2006 0 25 0 25 Not estimahle 2006
Ruirojindakul 2008 3 25 0 25 0.7% 7.93(0.39,162.07] 2008
Alajami 2008 0 42 3 38 6.3% 0.12[0.01,2.39) 2008
Czarnetzki 2008 17 159 2 54 46% 3.11([0.70,13.94] 2008 o
Ammar 2009 0 30 0 30 Not estimable 2009
Gallagher 2012 15 154 11 151 17.3% 1.37(0.61,3.10) 2012 N il
Subtotal (95% CI) 784 689 52.1%  1.21[0.75, 1.96] S
Total events 45 30
Heterogeneity: Chi*= 8.35, df=10 (P = 0.59); F=0%
Test for overall effect: Z=0.77 (P = 0.44)
1.7.2 Local
Rundle 1967 3 100 3 100 50% 1.00(0.20,5.08) 1867 e
Anderson 1975 2 65 2 B0 35% 0.92(0.13,6.75) 1975 I E—
Egeli 1997 3 25 0 27  0.7% 8.56(0.42,174.46]) 1997
Kim SH 2004 0 40 0 40 Not estimable 2004
Aysenur 2014 0 20 0 20 Not estimahle 2014
Topal 2017 0 20 1 20 25% 0.32(0.01,8.26) 2017
Subtotal (95% Cl) 270 267 11.8%  1.29[0.48,3.51] i
Total events 8 6
Heterogeneity: Chi*= 2.43, df=3 (P=0.49); F=0%
Test for overall effect: Z= 0.50 (P = 0.62)
1.7.3 Oral
Park 2015 10 99 11 99 171% 0.90(0.36, 2.22) 2015 -
Subtotal (95% CI) 99 99 17.1%  0.90[0.36, 2.22] ‘
Total events 10 11
Heterogeneity: Not applicable
Test for overall effect: Z=0.23 (P=0.82)
1.7.4 Combine IV and Oral
Stewart 2002 8 64 13 68 191% 0.60(0.23,1.57) 2002 —1
Bahammam 2015 0 50 0 50 Not estimahle 2015
Subtotal (95% CI) 114 118 19.1%  0.60[0.23, 1.57] e
Total events 8 13
Heterogeneity: Not applicable
Test for overall effect. Z=1.03 (P = 0.30)
Total (95% Cl) 1267 1173 100.0%  1.05[0.73, 1.51] @
Total events 7 60
Heterogeneity: Chi*=12.36, df=16 (P=0.72); F= 0% } t t t
Test for overall effect. Z=0.27 (P =0.79) 0.002 Risl?ilontrol] Risk [;tgroids] <00
Test for subgroup differences: Chi*=1.89, df= 3 (P=0.60), F=0%

Fig. 10 Secondary hemorrhage, odds ratio (OR), steroids versus control: fixed-effect model
In the analysis of IV and local steroids doses in children, There was a variation of doses of IV dexamethasone stud-

dexamethasone at 0.5 mg/kg dose showed statistical differ-  ies in adults, which were 0.15 mg/kg/dose, 0.5 mg/kg/dose,
ence in odds ratio of nausea/vomiting events, and SMD of 6 mg/dose, 8 mg/dose, 10 mg/dose, and 20 mg/dose. There
pain severity, favoring steroids. Meanwhile, other doses had ~ were too few numbers of studies to analyze.

small numbers of studies or showed a statistical difference A subgroup analysis was not conducted in the studies that

in only some outcomes.

used oral steroids, and IV-oral steroids combination due to
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small numbers of the studies. Moreover, most of the studies
were conducted in both children and adults without separa-
tion of results for each age group.

Sensitivity analysis

We performed a sensitivity analysis based on methodo-
logical characteristics. The analysis of high quality stud-
ies showed statistically significant OR of nausea/vomit-
ing events, favoring steroids, in both IV and local steroid
administration. However, the analysis of high-quality studies
showed statistically significant SMD of pain scores, favoring
steroids, in only <24 h period in IV steroid studies, and in
<24 h and day 1 period in local steroid studies. Results are
shown in e-figures 8—11 in the electronic supplement.

We detected significant heterogeneity in the meta-analysis
of nausea/vomiting and pain severity outcome. We therefore,
performed a sensitivity analysis by excluding the studies that
contributed the most to the /2. From the sensitivity analysis,
we found a consistency of results.

In conclusion, the sensitivity analysis showed a statisti-
cally significant anti-emetic effect. Meanwhile, IV steroids
reduced pain severity in only <24 h period, and local ster-
oids reduced pain severity during the O h to 1-day period.

In the studies about pain severity outcome, there was
variation in the types of pain score. The most frequent pain
scored used was visual analog scale (VAS), ranging from 0
to 10. We performed sensitivity analysis in the studies that
used VAS 0-10, and used the mean difference in those sta-
tistical analyses. We found that steroids can decrease VAS
to about 1 out of 10 in both IV and local steroids administra-
tion. Results are shown in e-figures 12—14 in the electronic
supplement.

Publication bias

Nausea/vomiting events, pain score, and hemorrhage event
funnel plots revealed that the distribution of the studies was
reasonably symmetrical, suggesting no evidence of publica-
tion bias. The funnel plots are shown in e-figures 15-21 in
the electronic supplement.

Discussion

From our meta-analysis, we found that IV or local dexameth-
asone, at 0.5 mg/kg dose, could statistically significantly
decrease post-tonsillectomy nausea/vomiting, and immediate
pain scores (<24 h) in children. Local steroids had extended
effect in reducing pain scores on the first day after tonsillec-
tomy. Similarly, IV steroids, at variety doses, can statistically
significantly decrease post-tonsillectomy nausea/vomiting,
and immediate pain scores in adult. However, there were too
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few local steroids studies in adult to show significant effects.
The subgroup analysis found IV steroids superior to local
steroids in decreasing nausea/vomiting events.

From the existing studies, oral steroids had no significant
effect on nausea and pain severity outcome. Adding oral
steroids to IV steroids had no different effect from IV ster-
oids alone in the subgroup analysis. Steroids had no statisti-
cally significant effect in reducing pain severity after 1-day
period.

The effects of steroids on post-tonsillectomy hemorrhage
cannot be concluded in both children and adult patients, due
to a low number of events. An analysis of IV steroids stud-
ies did not show statistically significant results but had a
tendency to increase the risk of primary and secondary hem-
orrhage. Therefore, the use of IV steroids should include
consideration of increased patient risk of post-operative
hemorrhage.

Although IV and local steroids showed a statistical differ-
ence in reducing nausea/vomiting events, the clinical signifi-
cance had to be considered. The sensitivity analysis exclud-
ing studies, which did not use 10-point pain scale, showed
a decrease in only 1 out of the 10-point pain score. Steroids
had a clinically significant anti-emetic effect. IV steroids
could reduce about 70-80% of nausea/vomiting events with
a NNT of 3 in children, and 6 in adult. Local steroids could
reduce about 50% of nausea/vomiting events with a NNT of
9 in children.

Our study is the first meta-analysis including studies used
steroids in all routes, including participants in all age groups,
comparing each route of administration, and comparing
doses of steroids. Moreover, our analysis includes primary
studies without excluding non-English studies. The funnel
plots show low publication bias.

The limitation of our study includes the heterogeneity
of the meta-analysis due to pooling data from studies with
different patient populations, surgical techniques, anesthetic
techniques, dexamethasone dosages, and outcome measure-
ment tools. We accepted the inherent heterogeneity and used
a random-effects model for analysis. We performed a sensi-
tivity analysis, excluding the studies that caused heterogene-
ity. The analysis showed a consistency of results.

Our results are in-line with the previous five meta-anal-
yses performed by Diakos, Steward, Afman, Bolton, and
Goldman [2, 4, 6, 7, 78], which found that IV steroids can
decrease nausea/vomiting and immediate post-operative pain
within 24 h.

The analysis of local steroids studies also showed a con-
sistency with previous meta-analysis performed by Vlok
[79], which found that local medications (dexamethasone,
magnesium, pethidine, tramadol) can decrease post-tonsil-
lectomy pain, and only dexamethasone can decrease nau-
sea/vomiting. However, Volk’s meta-analysis included one
improper study, which was Basuni’s study [11] comparing
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local to IV dexamethasone, contaminated by bupivacaine
HCL, without placebo.

As well as other meta-analyses, our study still cannot con-
clude the effect of steroids to post-tonsillectomy hemorrhage
[2, 80-83]. Plante et al. [81] found that intravenous steroids
increase the rate of reintervention to treat post-tonsillectomy
bleeding with a statistical significance. Post-tonsillectomy
hemorrhage does not frequently occur, thus low event rates
were found in the pooling studies of our review. Further
study conducted in RCTs with larger sample size or non-
RCTs are needed to detect bleeding events.

As for clinical implications, this meta-analysis suggests
that IV dexamethasone, at 0.5 mg/kg dose during tonsil-
lectomy in all age groups, is helpful in reducing nausea/
vomiting. Local steroids also reduce nausea/vomiting events
in children with inferior effect to IV steroids. Steroids had
no clinically significant effect in reducing post-operative
pain severity. No significant risk of causing hemorrhage
was found.

Future researches including local steroids study in adults,
RCTs about hemorrhage outcome with larger sample size,
and non-RCTs about hemorrhage outcome would help shed
more light on the subject.

Conclusions

Intravenous steroids could statistically significantly decrease
post-tonsillectomy nausea/vomiting, and immediate pain
scores (<24 h) in all age group. There was evidence only in
children that local steroids could statistically significantly
decrease post-tonsillectomy nausea/vomiting, and pain
scores during the 0-h to 1-day period. From the subgroup
analysis, intravenous steroids were superior to local steroids
in decreasing nausea/vomiting events.

Adding oral steroids to IV steroids gave no different effect
from IV steroids alone. There were too few local steroids
studies in adults and oral steroids studies to show signifi-
cant effects. Steroids had no statistically significant effect
in reducing pain severity after 1-day period.

The effects of steroids on post-tonsillectomy hemorrhage
cannot be concluded in both children and adult patients, due
to a low number of events.
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