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Main reasons for prolonged hospital stay after total knee arthroplasty (TKA) are postoperative nausea and vomiting
(PONYV) and pain. Having a positive effect on both PONV and pain, perioperative administration of corticosteroids
might improve rehabilitation and reduce length of hospital stay (LOS) after TKA. Aim of this review is to determine
the effect of different corticosteroid dosages on PONYV, pain, and LOS in TKA.

A systematic search for articles comparing dosage effects of corticosteroids regarding PONYV, pain, and LOS after
primary unilateral TKA was conducted using EMBASE, PubMed publisher, MEDLINE, Cochrane, Google scholar,
and Web-of-Science for articles published from inception to March 17, 2022.

16 studies were included involving 2352 TKA procedures. Most studies showed reduced pain scores in corticosteroid
groups and some described better pain reduction in high-dose groups. All studies showed reduced PONYV in the
corticosteroid groups. LOS was similar in most studies comparing placebo and perioperative corticosteroids. Only one
study reported increased infection rates and intramuscular venous thrombosis in the corticosteroid group.
Concluding, current literature on corticosteroids use in TKA is highly variable in type, dosage, and timing of
administering medication. Overall, corticosteroids mostly reduce pain and PONV with limited effects on LOS after
TKA. Only minimal statistically significant and clinically relevant benefits were found in perioperative high-dose
corticosteroids compared to low-dose. Given the short follow-up in most studies, it is not possible to evaluate safety of
high-dose corticosteroids.
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INTRODUCTION One of the most potent pharmacological interventions
in reducing the surgical stress response are

During the last decades fast-track protocols have corticosteroids™. Corticosteroids have an anti-

been implemented to optimize rehabilitation after
total knee arthroplasty (TKA). As a result, length of
hospital stay (LOS) has been decreased and even TKA
in an outpatient setting is feasible in selected patients'.
However, optimizing analgesia and rehabilitation
after TKA is challenging?.

Main reasons for prolonged hospital admission after
TKA are postoperative nausea and vomiting (PONV),
orthostatic intolerance, fatigue, and pain®**. These
symptoms are the result of multiple factors including
the surgical stress respons'. Adequately managing of
these symptoms will lead to reduced LOS, improved
patient satisfaction, and will further optimize fast-
track rehabilitation"¢.

inflammatory effectbyinhibiting the cyclooxygenase-2
(COX-2) signaling pathway which lead to a reduced
local and systemic inflammatory response!®. Corti-
costeroids have a proven beneficial effect on PONV
and pain''""’. Therefore, interest has been raised for
the use of corticosteroids in arthroplasty surgery.

However, despite the promising results of corti-
costeroids on pain and PONYV, there are still concerns
regarding the possible side effects of corticosteroids,
including hyperglycemia, gastrointestinal hemorrhage,
and particularly the risk of infection, preventing
further implementation in daily clinical use. Moreover,
uncertainty remain concerning the optimal timing,
frequency, and dosage of corticosteroids'?.
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We hypothesized that the effect of corticosteroids is
dose-depended, therefore high-dose of corticosteroids
would improve early recovery and reduce LOS, pain, and
PONV to a larger extend than low-dose corticosteroids
in primary unilateral TKA. Consequently, high-dose
corticosteroids might also have more side effects
compared to low-dose.

The purpose of this systematic review was
investigating the dose-effect relationship of
perioperative systemic corticosteroids administration
with PONV, pain, and LOS after primary unilateral
TKA, as well as the occurrence of adverse events.

MATERIALS AND METHODS

The study protocol was registered in the International
Prospective  Register of Systematic Reviews
(PROSPERO,  http://www.crd.york.ac.uk/prospero),
prior to the start of the systematic review, with
registration number CRD42021235773. All data were
handled according to the Helsinki Declaration (version
64, October 2013).

Search strategy

This systematic review was performed based on the
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) checklist and the
PRISMA-S extension to the PRISMA Statement
for Reporting Literature Searches in Systematic
Reviews'*!>, A systematic search was developed in
Embase.com and then translated to other databases.
The search was carried out on March 17, 2022 in the
databases Embase.com, MEDLINE ALL via Ovid, Web
of Science Core Collection, and the Cochrane Central
Register of Controlled Trials via Wiley. Additionally, a
search was performed in Google Scholar from which
the 200 most relevant references were downloaded
using the software Publish or Perish. Detailed search
strings are presented in appendix 1.

The following elements were used: 1) total knee
arthroplasty, 2) corticosteroids, and 3) perioperative.

The searches in EMBASE, MEDLINE, and Web
of Science were limited to exclude conference papers
and animal-only articles. The results were deduplicated
using the Bramer method'®. No study registries were
searched, but Cochrane Central retrieves the contents of
ClinicalTrials.gov and the World Health Organization’s
International Clinical Trials Registry Platform.

Inclusion and exclusion criteria were defined a
priori. Studies comparing dose-effect relationship
of corticosteroids and placebo vs. corticosteroids
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(dexamethasone, methylprednisolone, hydrocortisone,
betamethasone) regarding PONV, pain, and LOS after
primary unilateral TKA were included. Manuscripts
were required to report one or more of the following
outcomes: LOS, pain, PONV, or adverse events.
Non-English written articles were excluded. Further
exclusion criteria were local or intra-articular
injection of corticosteroids, revision arthroplasty,
unicompartmental knee arthroplasty, and bilateral
TKA.

Article selection and data extraction

Potential eligible articles were reviewed independently
by two investigators (JE and FG) according to pre-
agreed criteria. Discrepancies were resolved by
consensus or by consulting a third reviewer (NM).
Finally, citation tracking was performed by manually
screening the reference lists of eligible studies by one
reviewer (JE). No authors were contacted to provide
full-text articles, since all included articles were
obtained full-text.

The following data were extracted from the included
studies: number of participants, duration of follow-
up, type of corticosteroid used, corticosteroid dosages
used, LOS, postoperative pain, PONV, and adverse
events.

Risk of bias assessment

The Cochrane Collaborations Risk of Bias Tool 2 was
used to assess the methodological quality of the included
studies!’. All domains were independently assessed for
possible bias by two reviewers (JE and FG).

Data analysis

Quantitative synthesis was not realized due to the
presence of conceptual heterogeneity among the
included studies. A narrative synthesis was therefore
performed.

RESULTS

The initial search resulted in 3134 articles. After
removal of duplicate studies, 1879 were screened based
on title and abstract, resulting in 31 eligible studies
for full-text review. Finally, 16 articles were included
for analysis'®**. The Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
flow diagram for systematic reviews is presented in
Fig. 134,
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Citation tracking was performed by manually
screening the reference lists of eligible studies and no
additional studies were identified as relevant.

Description of included studies

The 16 included studies contained 2352 TKA. Table
1 presents an overview of all included studies. In two
studies both TKA and THA were included of which
we only analyzed TKA outcomes in this systematic
review'®?!. Pain was reported in all studies,'®*
PONV in 12 studies,'8?!-262830-33 and LOS in 11
studies'®?0212633 - Adverse events were reported in all
studies with varied length of follow-up from 3 days
up to 1 year!®3,

All, except one study, included a placebo group
and compared placebo to one or two intervention
groups'®283033 In nine studies low-dose and high-
dose corticosteroids were compared!s:19:22:23.25:26:29.31.33
In 12 studies dexamethasone was used in the
intervention group'®!%21-2529-3 " Three studies used
methylprednisolone®®?’?* and one study used
hydrocortisone®®. Since all corticosteroids have
their own specific potential, the equivalent dose
of dexamethasone was calculated to assist in
the interpretation of the results. The following

Full-text articles excluded (n = 15) with

e No dose comparison (n = 3)
No corticosteroid (n = 1)
Retracted article (n = 1)

Letter to the editor (n = 2)

No RCT (n=2)

No outcomes of interest (n = 4)
Different arthroplasties (n = 2)

calculation was used: methylprednisolone 125mg
has a dose equivalent of 25mg dexamethasone and
hydrocortisone 100mg has a dose equivalent of 4mg
dexamethasone.

Primary outcomes
Pain

All studies utilized a visual analogue scale (VAS) to
evaluate pain scores. Moreover, some studies used
morphine consumption as outcome measurement.
In 14 studies a reduction of postoperative pain was
found!®-20:22-262833 "n two studies, Lindberg et al. and
Dissanayake et al., no difference in postoperative pain
was found between placebo and corticosteroids?"?’.
In six of the nine studies which compared high-dose
and low-dose corticosteroids, a better pain relief was
found in high-dose corticosteroids groups!®-2%26:29-31:32,

PONV

Various ways were used to report PONV in different
studies. Most studies used self-reported outcomes.
In 12 studies PONV was analyzed!®2!-262830-33 T
all studies reduced PONV was reported in the
intervention groups. In one study, the group receiving
high-dose corticosteroid had significantly less PONV
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Table I. — Detailed description of included studies.

Author, Year Surgery Patients | Control Intervention(s) Primary outcome Follow-up
LOS, length of ambulation, ROM,
10mg dexamethasone i.v. pre- cumulative hydromorphone PCA use,
Backle;s et al., TKA/THA 73/47 | Placebo operative . dail)f hydrocodope consumptic.)n, pat?ent 6 months
2013 10mg dexamethasone i.v. pre- pain scores, daily rescue anti-emetic
and postoperative consumption, and nausea/ vomiting
scores
Chan et al., . . .
20201 TKA 138 Placebo 16mg dexamethasone i.v. postoperative pain score 1 year
Cheng et al., . . . .
201920 TKA 60 Placebo | 125mg methylprednisolone i.v. rest pain and pain on movement 1 year
Dlssanayzellke et TKA/THA | 81/83 | Placebo Smg dexamethasone. 1V pre- length of stay 6 weeks
al., 2018 and postoperative
24mg dexamethasone .. R
Gasbiere et al reoperative total opioid consumption in milligrams
gz & ? TKA 485 Placebo preop of intravenous morphine equivalents 90 days
2022 24mg dexamethasone pre- and
. 0-48 hours after the end of surgery.
postoperative
10mg dexamethasone i.v. pre-
operative
. r .
Kim Zt al, TKA 184 Placebo 0-Img/kg dexaméthasone v pain and nausea visual analogue scale 1 week
2020 preoperative
0.2mg/kg"! dexamethasone i.v.
preoperative
Koh et al., L.
20132 TKA 269 Placebo 10mg dexamethasone incidence of PONV 1 year
20mg dexamethasone i.v. pre-
Lei et al., 2022% TKA 192 Placebo operative postoperative pain level 3 months
10mg dexamethasone i.v. pre-
and postoperative
100mga};ﬁdr§§t(;rtleslzrtlievgv. pre- level of IL-6 and CRP at 12 hours, 24
Lietal., 2019% TKA 112 Placebo p pA . hours, 48 hours, and 72 hours after op- 30 days
100mg hydrocortisone i.v. pre- .
. eration
and 4x postoperative
Lindberg et al., . . change in knee-extension strength from
TKA Pl 12 hyl 1 V. . . 2
2017% 70 acebo smg methylprednisolone .. baseline to 48 hours postoperatively days
Lunnzse tal, TKA 48 Placebo | 125mg methylprednisolone i.v. pain during walking 24 hours after sur- 30 days
2011 gery
0.3mg/kg!' dexamethasone i.v. . . —
Nielsen et al reoperative proportion of patients experiencing
2 ? TKA 88 - p , P . moderate-to-severe pain (VAS >30) 90 days
2022 1.0mg/kg"! dexamethasone i.v. . .
. during a 5 m walk 24 h postoperatively
preoperative
¥ . pain level determined by a visual analog
;ll;amzr(r)lgggote et TKA 100 Placebo 0 15mg/kgrecle>:;$ie‘:2asone v scale, and the amount of morphine 12 weeks
” preop consumption (mg) 48 hours post-TKA
10mg dexamethasone i.v. pre-
Wuetal, 2018 |  TKA 150 | Placebo operafive na 3 months
10mg dexamethasone i.v. pre-
and postoperative
Xu B. etal., 10mg dexamethasone i.v. pre-
20187 TKA 120 Placebo and postoperative n.a. 3 days
20mg dexamethasone i.v. pre-
operative
XuH.etal, TKA 182 Placebo | 20mg dexamethasone i.v. preop- n.a 3 months
20183 .
erative and 2x 10mg dexameth-
asone postoperative
Abbreviations: TKA total knee arthroplasty, THA total hip arthroplasty, LOS length of hospital stay, ROM range of motion, PONV postoperative
nausea and vomiting, n.a. not applicable; Dose equivalents: 125mg methylprednisolone = 25mg dexamethasone, 100mg hydrocortisone = 4mg
dexamethasone.
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compared to low-dose and placebo®'. In two studies
no difference was found between dosage and effect of
corticosteroids on PONV?#, Although dexamethasone
is a first-line anti-emetic agent, no difference was found
between dexamethasone and other steroids in reduction
of PONV.

Length of stay

In two studies LOS was a primary outcome, in which
Backes et al. found a dose depended significant
reduction of LOS'8, and Dissanayake et al. found no
difference between placebo and corticosteroid groups?'.
In the study of Li et al. a significant reduced LOS was
described; however, this was not dose depended®. In
the other eight studies reporting LOS no difference was
detected?*?73,

Secondary outcome

Adverse events

Length of follow-up varied widely between the
included studies with follow-up periods ranging from
3 days up to 1 year. No adverse events were found
for gastrointestinal bleeding. In one study, increased
infection rates and intramuscular venous thrombosis
were found in the corticosteroid groups®'. In seven
studies blood glucose levels were reported!®19:2123.25.26.33
and in three of these seven studies increased blood
glucose levels were found postoperative in the
corticosteroid group!'®1%2!,

b1 D2 D3 D4
Backesetal., 2013 + + +
Chanetal., 2020 + + + +
Chengetal., 2019 + + + +
Dissanayakeetal., 2018 w + . +
Gasbjergetal., 2022 + + + +
Kimetal., 2020 ! ! + +
Kohetal., 2013 + 1 + +
Lei etal., 2022 ! + + +
Lietal., 2019 + + + +
Lindberget al., 2017 + + + +
Lunnetal., 2011 + + + +
Nielsen et al., 2022 + + -+ +
Tammachoteetal., 2020 + + + +
Wuetal., 2018 + + + +
XuB.etal., 2018 + + + +
XuH.etal., 2018 i + + +

Risk of bias assessment

The results for the assessment of risk of bias can be
found in Figure 2. Three studies had an overall low risk
of bias?>*"?°. Twelve studies (75%) were assessed with
a moderate risk of bias'®2023-26283033 This was mainly
due to a lack of prespecified outcomes and analysis
plan, Cochrane Risk of Bias domain’. One study was
rated as high risk of bias for excluding 52 of the 218
patients after randomization?®'.

DISCUSSION

In this systematic review we provided a critical
analysis of perioperative intravenous corticosteroid
use in primary unilateral TKA in relation to LOS,
postoperative pain, PONV, and adverse events. In
general, studies showed that corticosteroids reduce
mostly pain and PONV after primary TKA with
limited effects on LOS. Furthermore, only minimal
statistically significant and clinically relevant benefits
were found in perioperative high-dose corticosteroids
compared to low-dose as well as in multiple doses
compared to single preoperative dose.

In the past years, a number of systematic
reviews regarding the perioperative use of systemic
corticosteroid administration in arthroplasty have
been published?333¢. Most of these systematic reviews
included RCTs with both THA and TKA and analyzed
these as one group®>**. However, it is undesirable to
investigate these two different types of arthroplasty

Overall

+ | Lowrisk

! Someconcerns

. High risk
D1 Randomisation process
D2 Deviations from the intended interventions
D3 Missing outcome data
D4 Measurement of the outcome

D5 Selection of the reported result

CCICCICICCICCICCIC] JOICC

Fig. 2. — Cochrane traffic light risk of bias plot by individual domains for all included studies.
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as a single group considering the fact that recovery
for THA and TKA are clearly different’’. Sufficient
analgesic treatment is challenging in TKA? and
functional improvement is less and more slowly in the
first year after TK A compared to THA?". Therefore, and
in contrast to other systematic reviews, we included
only studies providing separate data for TKA.

Risk of bias assessment of the included studies was
generally moderate, which is in line with previous
systematic reviews***. The quality of this systematic
review is naturally limited by the included studies.
Despite methodological impairment, limited follow-up
impedes strong conclusions regarding implementation
of high-dose corticosteroids in fast-track arthroplasty
recovery.

The use of corticosteroids in arthroplasty has two
major concerns

First is the presumed high risk of periprosthetic joint
infections due to the immunosuppressive effects of
corticosteroids. As stated in the article of Backes et al.
the absence of proof does not prove absence of risk'®.
Recent literature showed no increased infection risk
in low-dose and high-dose corticosteroids***’. One of
these studies contained over 18 thousand arthroplasties
with low-dose corticosteroids and showed no increased
infection risk®®. Furthermore, high-dose corticosteroids
in arthroplasty does not result in higher complication
rates’®. However, most studies have a lack of statistical
power and follow-up to determine uncommon adverse
events as the risk of infection.

Secondly is the risk of hyperglycemia in diabetic
patients*'. Hyperglycemia has been frequently
described after administrating corticosteroids even
in non-diabetic patients. Interestingly in the study
of Backes only an increase in blood glucose was
found in diabetic patients'®. It remains unclear
what effects transient hyperglycemia might have
on the postoperative outcomes and complications.
Remarkably, Diabetes Mellitus (DM) is an exclusion
criterion in most studies examining corticosteroids in
an arthroplasty setting. Since DM is relatively common
in patients with osteoarthritis an advice regarding
corticosteroids in these patients or an alternative for
corticosteroids is needed, otherwise these patients are
treated insufficiently*?.

Inflammatory mediators are involved in nociceptive
processing and PONV*. Corticosteroids reduce the
CRP peak after TKA*. The study of Wasko et al.
reported increased levels of C-reactive protein (CRP)
after TKA, up to 96 hours postoperatively®. The
half-life of Dexamethasone is 36-54 hours and the
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maximum effect is to be expected in the first 24-48
hours!'?. Consequently, a single dose of dexamethasone
will not be sufficient in reducing CRP levels during
the first 4 postoperative days. This is illustrated by the
non-randomized study of Samona et al. in which 8mg
dexamethasone showed effective pain control only in
the first 24 hours postoperative compared to placebo*.
Therefore, the reasoning to investigate multiple doses
at different times in the perioperative phase, as was
utilized by several included studies, is valid.

Interestingly, we found that high-dose corti-
costeroids compared to low-dose corticosteroids
had better pain reduction. However, in two studies
comparing corticosteroids with placebo no difference
in postoperative pain was found between placebo
and corticosteroids. These finding, might be partially
explained by possible underpowered studies, since
pain was a secondary outcome measure in both studies.
Moreover, the study of Dissanayake et al. was rated as
high risk of bias?'. Therefore these findings must be
interpreted with caution.

Even though most studies demonstrated statistically
significant improvement in terms of pain scores (VAS)
it is more important to interpret these outcomes in
terms of clinical relevance. To achieve this some
articles searched for a minimal clinically important
difference. A far more clinically relevant outcome
of pain reduction is the reduction of postoperative
opioids.

Recently Jorgensen et al. described an increased
opioid use in TKA and THA and high usage of opioids
after one year in 17.6% and 10.2% respectively?’.
The use of opioid-sparing pain medication should be
further improved due to the negative side effects of
opioids and to prevent long-term opioid dependence®.
In the RCT of Gasbjerg et al. significant reduction in
morphine consumption was found by two doses of 24
mg dexamethasone in TKA*. However, in this study
only the first 48 hours after surgery were analyzed,
therefore no long-term effects of corticosteroids on
opioid consumption were presented.

Despite improvement in pain and PONV, which
are both symptoms that prolong hospital stay, most
included studies showed no reduced LOS. We presume
this might be due to the fact that LOS is dependent
to multiple factors including factors which are not
influenced by corticosteroids. Therefore, LOS might
not be a valid outcome measure to determine the
effectiveness of corticosteroids.

Although insomnia is less frequent described, it is
a common side effect of corticosteroids. Lunn et al.
demonstrated significant increase of insomnia the first
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night after high-dose methylprednisolone®. However,
this is not found in other studies?*2%%.

There are some limitations of this study. First, quality
of the included studies was moderate. A high risk of
bias was found in one study and the remaining studies
had some concerns which might affect their validity.
Secondly, outcomes were difficult to compare since
dosing, type, and timing regimens for the administered
corticosteroids varied greatly. Since different types
of corticosteroids have been used with all their own
specific potency and half-life, this might cause varying
dosing regimens between studies'”. Finally, with the
short follow-up of most of the included studies we
were unable to determine safety aspects of high-dose
corticosteroids in TKA.

CONCLUSION

Current literature on perioperative use of systemic
corticosteroids in TK Ais highly variable in type, dosage,
and timing of administration. Overall, corticosteroids
reduce mostly pain and PONV with limited effects
on LOS after TKA. Only minimal statistically
significant and clinically relevant benefits were found
in perioperative high-dose corticosteroids compared to
low-dose. Moreover, in multiple doses compared to a
single preoperative dose only minimal benefits were
found. Given the short follow-up in most studies, it
is difficult to conclude that high-dose corticosteroids
are safe in use. Further research is needed regarding
the effect and safety aspects before implementation of
high-dose corticosteroids in fast-track TKA protocols.
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