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Abstract
Background: Early mobilization after total hip replacement (THR] is key for fast recovery but is
often limited by pain. Oral enzyme combinations (OECs) have demonstrated anti-inflammatory
and pain-relieving effects.
Objectives and design: This prospective, randomized, double-blind, placebo-controlled
exploratory trial evaluated the effects of pre- and post-operative use of OEC (90 mg bromelain,
48mg trypsin, 100 mg rutoside) following elective THR, on post-operative recovery.
Methods: Candidates for primary elective cementless THR owing to osteoarthritis were
eligible for participation [age =50years, body mass index 25-35kg/m?, C-reactive protein
(CRP) <6 mg/L]. Following randomization to OEC or placebo, intervention started pre-
operatively and continued onwards until day 42. Main outcomes included post-operative CRP
levels (days 1-7), self-reported hip pain at rest (by 0-10cm visual analogue scale on post-
operative days 1-42), post-operative analgesic use [by cumulative analgesic consumption
score (CACS]) days 7-42], tolerability and adverse events.
Results: Patients (N=34) were recruited from a tertiary orthopaedic hospital in the Czech
Republic, of whom 33 completed the study (OEC/placebo: n=15/18). Baseline characteristics Correspondence to:
across the groups were comparable. Compared with placebo, the OEC group had numerically odg Erk Jonansen
lower CRP levels on post-operative days 1-7, including peak level [mean (standard deviation) Avenue Nestle 55, Vevey,
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Background

Total hip replacements (THRs) are among the
most common types of surgery, and the number
of procedures performed per year is increasing.
The average number of procedures among the 38
member states of the Organization for Economic
Co-operation and Development, which includes
countries from Europe, Asia, Oceania and North
and South America, was 182 per 100,000 popula-
tion in 2017, an increase of 30% from 2007.! In
the United States alone, nearly half a million
THR procedures are being performed per year,
and are predicted to rise to 1.4 million by 2040.2

The increasing rates of THR are thought to be
due to a combination of an ageing population,
leading to an increasing incidence of osteoarthri-
tis (OA), and a rise in the prevalence of obesity.2
Obesity, which independently increases the risk
of hip OA across all ages,? has tripled in global
prevalence over the last four decades.* Beyond
altered demographics, changes in clinical practice
have also been implied as a reason for the increas-
ing numbers of THR, driven by changes in policy
and indications for surgery, and in improvements
in prosthesis longevity and outcomes following
surgery.>

Early mobilization following elective hip surgery
is strongly recommended,®7? and recognized as an
important element of ‘enhanced recovery after
surgery’ protocols.® Patients receiving inpatient
rehabilitation and physiotherapy within 24 h after
surgery’ typically have fewer post-operative com-
plications and shorter length of hospital stay than
patients receiving delayed physiotherapy.%10
Reducing the length of stay remains an important
target for procedure-level cost containment, espe-
cially in lieu of the rising healthcare costs associ-
ated with joint replacement surgeries.!! Pain and
stiffness are considered factors limiting early
mobilization,!? and are the main reasons why
patients are not discharged early.!213

A prerequisite for early mobilization is adequate
pain management.%1%15 Multimodal analgesia
with paracetamol and non-steroidal anti-inflam-
matory drugs (NSAIDs) aims to reduce the use of
opioids, which can cause drowsiness, nausea and
vomiting, urinary retention and potentially, addic-
tion.® NSAIDs, however, are also associated with
contraindications and adverse events (AEs), espe-
cially in the elderly population, and have been
linked to an increased risk of gastrointestinal dam-
age, cardiovascular disease, renal insufficiency

and to a lesser extent, hepatotoxicity.!® Therefore,
judicious use and appropriate patient selection are
required in the post-operative period.®

A potential worthwhile option for alleviating post-
operative pain and reducing NSAID consump-
tion is the use of oral enzyme combinations
(OECs). The effect of OECs constituting pro-
teases, such as bromelain (a proteolytic enzyme)
and other ingredients like rutoside (a glycoside
combining the flavonol quercetin and the disac-
charide rutinose) on reducing pain, oedema and
inflammation, has been demonstrated in animal
models,!7:18 in experimentally induced skin biop-
sies!® or haematomas,?? after septoplasty,2!:22
orthognathic surgery?®> and dental surgery.24-26
However, there is limited evidence of the effect of
systemic enzyme therapy in patients undergoing
orthopaedic surgery.

The potential benefits of OEC with bromelain,
trypsin (a serine protease) and rutoside have been
suggested by previous open-label studies,?’-3° but
no randomized, placebo-controlled, double-blind
trials have provided high-quality evidence for the
effect of this treatment in the context of THR.
Also, most studies have examined the effects of
OEC on short-term swelling and pain, but not on
serological markers of inflammation. Whether
pre- and post-operative intervention with OEC
could alleviate some of the hurdles for effective
recovery in the context of elective THR is there-
fore unknown. The objective of this study was to
investigate the impact of OEC therapy on the
post-operative systemic inflammatory response,
pain and patient rehabilitation.

Methods

Design

This was a randomized, double-blind, placebo-
controlled, stratified, parallel-group exploratory
study to explore the effects of pre- and post-oper-
ative OEC versus placebo on early and later out-
comes with relevance for patient recovery:
changes in systemic inflammation [C-reactive
protein (CRP) levels], self-reported hip pain at
rest, analgesic use, oedema (assessed by thigh and
calf circumference), cumulative Redon drain dis-
charge volume, temperature, Harris Hip Score
(HHS),3!:32 the patient-rated Patient Global
Impression of Change (PGIC),33 and the clini-
cian-rated Clinical Global Impression -
Improvement scale (CGI-I).3435 AEs, as well as
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specific haemorheological parameters, were also
recorded.

The study was approved by the Ethics Committee
of Hospital Jihlava, Jihlava, Czech Republic (ref.
778). It was conducted in full compliance with
the International Council for Harmonization
Good Clinical Practice Guidelines, the principles
of the Declaration of Helsinki and the laws and
regulations of the Czech Republic, and was regis-
tered in the European Clinical Trial Database
(EudraCT 2016-003078-41).

Patients

The key inclusion criteria of the patients, who were
candidates for primary cementless THR via an
anterolateral approach with spinal anaesthesia
(subarachnoid block) owing to a primary diagnosis
of non-inflammatory degenerative joint disease,
were: age 50years or older, body mass index (BMI)
>25 to <35kg/m? and CRP<6mg/L. Key exclu-
sion criteria were: active smoking, insulin-depend-
ent diabetes mellitus, certain systemic or metabolic
bone disorders (e.g. rheumatoid arthritis, lupus
erythematosus, PPaget’s disease), and patients
receiving steroids (see Supplemental File 1 for full
inclusion and exclusion criteria). The study was
conducted at the Department of Orthopaedics and
Traumatology of the Regional Hospital Jihlava,
Czech Republic, which is responsible for the health-
care of 500,000 inhabitants. In 2019, the depart-
ment was staffed by 18 doctors, and performed 874
trauma and 1227 orthopaedic surgeries.

Randomization and masking

A computer-generated block randomization
sequence stratified by sex with a 1:1 allocation, using
fixed block size of four, was prepared independently
and kept confidential and not disclosed to the study
staff, the clinical research organization, or the spon-
sor’s clinical staff. Randomization occurred at
screening (5days before scheduled surgery). The
active (OEC) and placebo tablets were identical in
appearance and delivered in identical boxes with
only the randomization code printed on the package
label. Patients, treating physicians, assessors and
study staff were all blinded to the allocation.

The principal investigator received a set of sealed
envelopes, marked with each participant’s assigned
number, for medication identity disclosure in case
of emergency. The integrity of the envelopes was
verified at each monitoring visit.

Intervention and placebo

The total duration of the study was a maximum of
8weeks, including screening. Following randomi-
zation, a pre-operation period of 4days was
planned, followed by the day of operation, and
then 42 days of follow-up. Active intervention was
the OEC Phlogenzym® in tablet form,3¢ contain-
ing 48 mg trypsin (corresponds to 24 microkatal),
90 mg bromelain [corresponds to 450 International
Pharmaceutical Federation (FIP) wunits], and
100 mg rutoside trihydrate per tablet. The placebo
tablets contained the same excipients as the OEC
without the active ingredients, which were substi-
tuted with microcrystalline cellulose.

Dosing of the OEC or placebo was scheduled
according to the following regimen: three tablets
twice daily (b.i.d) during the pre-operative days
—4 to —2; three tablets in the morning on day —1
pre-operative; zero tablets on the day of THR sur-
gery (day 0); six tablets b.i.d during the first post-
operative week (days 1-7); and five tablets b.i.d
until the end of the study (days 8-42). Tablets had
to be swallowed with at least 250 mL of water on
an empty stomach (earliest 2h after the last meal
and at least 30 min before the next meal).

Standard care

Each THR was performed with standard cement-
less cup and stem via the anterolateral approach
according to Watson and Jones under spinal
anaesthesia (subarachnoid block).37 This antero-
lateral approach is relatively gentle on soft tissues
but requires a partial incision of the glutaeus
medius muscle.3” All patients received standard
pre-, peri- and post-operative care according to
the local protocols and guidelines. Peri-operative
analgesia administered to all participants was pre-
defined to either metamizole [intravenous (i.v.)]
or piritramide (i.v. or subcutaneous). Post-
operative use of analgesics was limited to metami-
zole (oral), diclofenac (intramuscular), diclofenac
and orphenadrine (i.v.) and paracetamol (i.v.).
Each patient received the factor Xa inhibitor
rivaroxaban3® for prevention of thromboembo-
lism, and antibiotics (i.v.). The minimum hospi-
tal stay was 7 days.

Outcomes

There were differing outcomes of interest for the
early post-operative phase (days 1-7) and for the
rehabilitation period (days 7-42). For days 1-7:
serum CRP (analyzed at the local laboratory of
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the hospital), axillary temperature and cumula-
tive Redon drain discharge volume; for days 1-42:
daily mean local pain at rest [self-rated on a
0—10 cm visual analogue scale (VAS) in the morn-
ing (before mobilizing), and at night (before
sleeping)], oedema (thigh and calf circumfer-
ence); for days 7-42: analgesic consumption
[overall and accumulated use assessed by the vali-
dated cumulative analgesic consumption score3®
(CACS)] and HHS;(Harris 1969)32 the patient-
rated PGIC?3 and the clinician-rated CGI-1.3%35
For a detailed description of the assessment tools,
see Supplemental File 2.

Safety endpoints

Vital signs, physical examination data and AEs
were documented as safety variables. The AEs
were assessed for seriousness, severity/intensity,
relation to the study drug and outcome. Since
one of the OEC components, bromelain, may
influence blood coagulation*® and the study par-
ticipants were treated prophylactically with rivar-
oxaban, four coagulation parameters were
measured post-operatively on days 1-7 at the
local hospital laboratory using standard assays:
anti-Xa, Quick prothrombin time (PT) test, acti-
vated partial thromboplastin time (APTT) and
fibrinogen. The blood sample for the estimation
of anti-Xa was taken 4 h after rivaroxaban admin-
istration, at the expected maximum concentra-
tion of rivaroxaban. Serious adverse events
(SAEs) were reported according to the State
Institute for Drug Control guideline KLH-21
Version 7.41 AEs were coded according to
Medical Dictionary for Regulatory Activities
(MedDRA®) version 19.0 terms.

Statistical analysis

This was an exploratory study and a sample of 40
patients was considered to provide a reassuring
sample size to explore the outcomes of interest.
The per-protocol and intention-to-treat analyses
were both explored with descriptive statistics for
continuous data: mean, standard deviation (SD),
standard error and 95% confidence interval. For
categorical data, absolute counts (N) and per-
centages (%) were reported. Quantitative data
with expected monotonous change were analyzed
with the mixed-effects analysis of variance
(ANOVA) model with repeated measures.
Ordinal data (e.g. frequency of analgesic use) and

the CACS were analyzed using the Mann—
Whitney U test.

For all analyses, group comparisons were per-
formed via appropriate contrasts at the 5% sig-
nificance level (two-sided). Missing data were not
reconstructed, and statistical analysis was per-
formed only on available data (available-case
analysis) wusing STATISTICA (version 10,
StatSoft, Tulsa, OK, USA).

Results

Patients

Recruitment took place from March 2019 to July
2020 but was prematurely terminated owing to
the ongoing COVID-19 pandemic, reducing the
rate of the planned THRs. A total of 33 patients
(19 women) of 34 randomized patients com-
pleted the study (n=15 OEC; n=18 placebo;
CONSORT diagram in Supplemental File 3).
Mean (SD) age and BMI in the OEC group was
69.3 (6.4) years and 28.3 (3.4) kg/m2, respec-
tively, which was comparable with the placebo
group [67.8 (8.5) years and 29.9 (3.7) kg/m?2,
respectively]. Other characteristics between
groups were also generally balanced (Table 1).
The mean (SD) length of hospital stay in the
OEC group was 10.6 (1.7) days and 10.3 (1.9)
days in the placebo group. All patients had
cementless THRs with standard cups and stems.

CRP - post-operative days 1-7

The mean CRP (SD) values on the fifth pre-oper-
ative day were similar between the two groups
[OEC: 2.3 (1.5) mg/L; placebo: 2.5 (1.7)].
Following THR, CRP increased (Figure 1) with
minimum and maximum levels observed in the
OEC and the placebo groups of 9.2-152.3 and
11.9-245.9mg/L, respectively. The mean levels
were 81.4 (28.3) mg/L in the OEC group and
106.7 (63.3) mg/Lin the placebo group (p=0.102).
The levels of CRP in the OEC group were consist-
ently lower than in the placebo group, with a dif-
ference of >20% at all assessments (—27.4%,
-27.0%, —23.7%, —33.8% and —36.8% on days 1,
2, 3, 5 and 7, respectively). This translated into a
significant —32% lower area under the curve for CRP
(CRP,y) where OEC CRPyyc pays 1.7 Was 222.0
(84.6) mg/l.Xdays and placebo CRPayc pays 17
was 327.3 [165.9] mg/L. X days (p=0.034).
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Table 1. Baseline demographics and characteristics of participants by treatment group.

Characteristic OEC (n=15) Placebo (n=18)
Age, years, mean (SD) 69.3 (6.4) 67.8 (8.5)
Sex, n (%)

Men 6 (40.0) 8 (44.4)

Women 9 (60.0) 10 (55.6)
Body mass index, kg/m?, mean (SD) 28.3 (3.4) 29.9 (3.7)
Blood pressure, mmHg, mean (SD)

Systolic 144.7 (24.3) 145.7 (18.1)

Diastolic 84.7 (11.8) 86.2 (11.7)
Pre-operative CRP, mg/L, mean (SD) 2.3(1.5) 2.4(1.7)
Pre-operative pain score, cm, mean (SD) 4.2 (1.3) 4.7 (2.7)
Pre-operative Harris Hip Score, mean (SD) 60.1(12.7) 62.2 (15.5)
Pre-operative thigh circumference, cm, mean (SD) 45.9 (4.9) 48.5 (5.7)
Pre-operative calf circumference, cm, mean (SD) 36.2 (3.8) 38.4 (4.1)

CRP, C-reactive protein; OEC, oral enzyme combination; SD, standard deviation.
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Figure 1. CRP trajectory following total hip replacement surgery from days 0 to 7 according to treatment

groups. Values are shown as mean (SE).

AUC, area under the curve; CRP, C-reactive protein; OEC, oral enzyme combination; SE, standard error.

Pain at rest - post-operative days 1-42

A greater degree of hip pain was reported by both
groups on the first pre-operative day [OEC: 4.2
(1.3)cm, placebo: 4.7 (2.7) cm] relative to that
reported after the procedure (Figure 2). Following
THR, the evolution of the pain pattern in the

placebo group resembled that of the CRP pattern
with an initial increase followed by a gradual
decline from day 3 onwards. In contrast, in the
OEC group, a reduction was observed from post-
operative day 1 onwards. This difference trans-
lated into a statistically significant difference
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Figure 2. Pain trajectory following total hip replacement surgery from first pre-operative day to post-operative
day 42. Pain was assessed using a VAS. ANOVA with factors treatment X visit interaction. Values are shown as

mean (SE).

ANOVA, analysis of variance; OEC, oral enzyme combination; SE, standard error; VAS, visual analogue scale.

between the treatment groups (ANOVA treat-
ment X visit interaction, [F(4) =3.989]; p=0.005).
When assessing the pain trajectory from day 7
onwards to day 42 during the rehabilitation
period, there was a numerical difference favouring
the OEC, but no significant difference (ANOVA
treatment X visit interaction, [F(4)=0.159];
$»=0.958). At the end of the study, patients
reported little pain in both groups (Figure 2).

Analgesic use - post-operative days 7-42

The use of patient-requested analgesics was high-
est in both groups between post-operative days 7
and 14, where the mean (SD) number of doses
was 3.0 (4.0) in the OEC group and 6.2 (8.5) in
the placebo group (p=0.300). Analgesic use then
gradually declined up to the end of the study,
with no significant difference between groups (see
Supplemental File 4), but was numerically lower
in the OEC group during all, but one, visit. When
considering the potency of the medications taken,
using the CACS, we observed a numerical, but
not statistically significant, lower cumulative
CACS from the start of the rehabilitation period
in the OEC group relative to those receiving pla-
cebo at post-operative days 14, 21, 28 and 42
(Figure 3).

Oedema: Thigh and calf circumference -
post-operative days 1-42

In both groups, thigh circumference increased as
expected following the THR procedure, but then
decreased over time (Table 2). Calf circumfer-
ence, however, remained relatively stable over the

full study period. No notable differences between
the groups were observed for thigh or calf
circumference.

HHS - post-operative days 7-42

The HHS significantly improved in both treat-
ment groups during the rehabilitation period
(Table 2), with numerical, albeit not statistically
significant, differences between the treatment
groups favouring the OEC.

PGIC and CGI-I-post-operative days 7-42

A significant number of patients reported that
their condition was ‘much improved’ or ‘very
much improved’ as assessed by PGIC on day 7 in
both groups (OEC: 92%, 11/12; placebo: 83%,
15/18), and on day 42 (OEC: 100%, 10/10; pla-
cebo: 94%, 17/18). There was no significant
effect of treatment between the groups on the
PGIC score as rated by patients (Table 2).
Correspondingly, a substantial improvement in
patients’ condition reflected by the CGI-I as
assessed by clinicians was noted (rating of condi-
tion as ‘much improved’ or ‘very much improved’
on day 7 was 100% (12/12) in the OEC group
and 89% (16/18) in the placebo group, and 100%
on day 42 in both groups). No significant differ-
ence in treatment effect across the groups was
observed for the CGI-I.

Other outcomes - post-operative days 1-7
The drain volume markedly reduced from post-
operative day 1 to day 2 in both groups (Table 2),
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Figure 3. Cumulative use of patient-driven analgesics in the rehabilitation period from post-operative days 7
onwards to 42. Analgesic use was assessed by stepwise cumulative count of the CACS units administered.

Values are shown as mean (SE).

CACS, cumulative analgesic consumption score; OEC, oral enzyme combination; SE, standard error.

without any significant between-group differ-
ence. Also, no significant difference between the
groups in mean axillary temperature was noted
(Table 2).

Safety evaluation

A total of 15 AE episodes were reported from
n=10 (66%) patients in the OEC group, and
eight AE episodes were reported from n=7
(39%) patients in the placebo group. The most
frequent AE was irritation of the upper gastroin-
testinal tract (nausea and/or vomiting), with
equal frequency (n=4 patients in each group)
(Table 3). Most AEs occurred early (at day 1 fol-
lowing surgery, four out of 15 patients in the
OEC group and four out of 18 patients in the
placebo group). At the remaining visits, the abso-
lute number of AEs was relatively low (between 0
and 3). One SAE of a urinary tract infection was
reported, which led to hospitalization of one
woman in the OEC group. The patient fully
recovered, and the SAE was not deemed related
to the study product by the investigator; hence,
unblinding was not performed. The SAE was
considered related to limited access to outpatient
care during the Christmas holidays, and the
patient was withdrawn from the study. There
were two additional premature withdrawals from
the study related to AE, both in the OEC group;
in one, study treatment was discontinued owing
to diarrhoea (deemed possibly related to treat-
ment), and study treatment was discontinued
owing to urticaria in the other (deemed unrelated
to treatment). No AEs associated with laboratory

abnormalities were detected throughout the
whole study.

Coagulation

Anti-Xa values during post-operative days 1-7
did not significantly differ between treatment
groups, as was the case for the PT values and the
APTT values (Supplemental Figure S2a-c,
Supplemental File 5). Fibrinogen values increased
from screening, which was expected as this is also
an acute-phase protein, and over the immediate
post-operative phase; however, no significant dif-
ference between treatment groups was observed
(Supplemental Figure S2d, Supplemental File 5).

Discussion

The purpose of this study was to evaluate the
effect and safety of pre- and post-operative OEC
therapy on several patient-relevant outcomes fol-
lowing elective THR surgery, including effects on
systemic inflammation (measured by CRP), pain
(measured by VAS and use of analgesia) and
oedema (measured by changes in thigh and calf
thickness). Despite COVID-related recruitment
challenges and a limited sample size, this study
observed several interesting differences between
the treatment groups, such as reduced levels of
CRP and less patient self-reported pain during the
early phase (days 1-7), favouring the OEC group.

CRP typically reaches a peak on the second or
third post-operative day following hip or knee
arthroplasties,*24* and reflects the extent of
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Table 2. Recovery outcomes during early (post-operative days 1-7) and rehabilitation (post-operative days 7-42) phases.
Outcome Day 1 Day 2 Day 3 Day 5 Day 7 Day 14 Day 21 Day 28 Day 42
(n=33) (n=33) (n=32) (n=31) (n=30) (n=29) (n=28) (n=28) (n=28)
Redon drain, mL (SD)
OEC 398 (231) 178 (144) NA NA NA NA NA NA NA
Placebo 428 (214) 181 (151) NA NA NA NA NA NA NA
Thigh circumference, cm (SD)
OEC 443 (7) 47.0 (5) 47.4(4.9) 48.0 (4.4) 48.2 (5.5) 45.7 (4.5) 44.4(4.7) 44.8 (5.8) 45.3(5.9)
Placebo 48.9 (7) 49.6 (5.8) 50.1 (5.6) 50.7 (6) 50.9 (6.1) 49.2 (5.8) 48.2 (6.1) 47.5(8.3) 48.9 (6.2)
Calf circumference, cm (SD)
OEC 35.8(3.1) 36.0 (3.7) 36.1(3.6) 36.7 (4.2) 36.9 (4.7) 35.7 (3.8) 35.3(3.3) 35.7 (3.5) 35.4(3.2)
Placebo 37.6 (4.0) 37.6(3.9) 37.7 (3.8) 38.8 (4.0 38.7 (4.1) 38.9 (4.7) 37.8(3.8]) 38.0 (4.1) 38.2 (4.4)
Temperature, °C (SD)
OEC 36.7(0.3) 36.6(0.1) 36.5(0.2) 36.5(0.1) 36.4(0.1) NA NA NA NA
Placebo 36.6(0.2) 36.7(0.2) 36.7 (0.3) 36.6(0.2) 36.5(0.2) NA NA NA NA
HHS, score (SD)
OEC NA NA NA NA 56.0(8.7) 66.5 (14.4) 78.1 (11.4)  80.4(9.5) 84.6 (5.4)
Placebo NA NA NA NA 54.3 (7.7) 63.0 (10.5) 73.7 (9.9) 78.4(7.3) 84.1(2.7)
PGIC score (SD)
OEC NA NA NA NA 1.8(0.6) 1.6 (0.9) 1.4(0.7) 1.3(0.5) 1.2 (0.4)
Placebo NA NA NA NA 1.7 (0.8) 1.6 (0.7) 1.6 (1.0) 1.3 (0.5) 1.3(0.6)
CGl-I score (SD)
OEC NA NA NA NA 1.4 (0.5) 1.7(1.0) 1.3 (0.5) 1.3(0.5) 1.2 (0.4)
Placebo NA NA NA NA 1.6 (0.7) 1.3(0.5) 1.3(0.6) 1.2 (0.4) 1.1(0.3)

Values are shown as mean (SD).
CGlI-I, Clinical Global Impression - Improvement scale; HHS, Harris Hip Score; NA, not assessed; OEC, oral enzyme combination; PGIC, Patient
Global Impression of Change; SD, standard deviation.

surgical trauma, as well as type of tissue injured.43
In a study of THR after femoral neck fracture,
CRP levels notably increased in the first post-
operative week after surgery, and gradually nor-
malized in the following weeks.%> After
uncomplicated THR, the CRP levels in one study
involving 30 patients was reported to reach a
mean value of 204.88mg/L at day 2.#2 In our
study, the CRP levels also exhibited an early post-
operative peak (at day 3), but at a slightly lower
level (mean 81.4mg/L in the OEC group and
mean 106.7mg/L in the placebo group) than in
the mentioned study. Nevertheless, in the OEC

group, CRP levels were reduced by 32% relative
to the placebo group over the 7-day observation
period, indicating a reduction in trauma-induced
inflammation with the OEC. This reduction of
the post-operative inflammation may translate
into improved clinical outcomes and faster recov-
ery, as observed in a study where dexamethasone,
administered to reduce inflammation following
primary THR, led to improved range of move-
ment.% It could be speculated that the beneficial
effect of OEC on inflammation reduction may
also be important in other situations where CRP
levels follow a similar trajectory.
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Another important aspect of THR post-operative
management is pain. It is reported that adequate
analgesia can lead to earlier mobilization and
shorter length of hospital stay,!%13 although this
does not always correlate with improved func-
tional performance, for example, knee-extension
strength.*” Furthermore, indiscriminate analgesic
use should be avoided because it is associated
with side effects such as constipation, nausea,
confusion and indigestion, particularly in the
elderly.*® Similar to our observations in THRs,
OECs are associated with pain reduction in
orthopaedic surgeries outside of THR. In a rand-
omized, open-label trial in 60 patients that under-
went internal fixation of long bone fractures,
OEC treatment resulted in less pain, reduced use
of analgesics and less swelling, compared with the
anti-oedematous substance aescin.?’ The specific
OEC used in the current study has also been used
successfully in the rehabilitation of children with
long tubular bone fractures as a part of a rehabili-
tation programme,?8 after operation for disc pro-
lapse?® and in patients with ankle sprain, treated
conservatively.30

Moreover, there is an increasing amount of litera-
ture suggesting that OECs can serve a role in post-
operative rehabilitation or recovery outside of the
orthopaedic context. A combination of bromelain,
rutoside and other ingredients appeared to acceler-
ate wound healing in healthy volunteers who had
small skin biopsies,!® and reduce pain after induced
haematomas.?° Severity of pain, swelling, nasal
obstruction and nasal discharge after septoplasties
have also been reported to be reduced following
OEC treatment versus placebo;21:22 a 2020 system-
atic review supported the use of oral bromelain in
decreasing pain, trismus and to a lesser degree,
swelling after molar extraction, despite heteroge-
neous study designs and dosing regimens.2®

The effects observed in our study, in the context
of other literature, indicate that OEC treatments
have the potential to improve rehabilitation and
patient outcomes. The absence of statistically sig-
nificant differences between groups in analgesic
use, HHS, CGI-I or PGIC scores may be related
to the small sample size. There was, however, a
numerical tendency in favour of the OEC for
analgesic use, the HHS and the PGIC, and this
should be further explored in an adequately pow-
ered study.

This study involved patients that underwent sur-
gery, and thus reflects a population with an

Table 3. Number of patients with AEs during the full study based on

treatment groups.

Adverse event OEC (n=15) Placebo (n=18)
Any AE 10 7
Nausea and/or vomiting 4 4
Prolonged secretion from the 3 1
wound

Diarrhoea 2 0
Pneumonia 1 0
Urticaria 1 0
Palpitation 1 0
Greater than expected blood loss 1 0
during surgery?

Urinary tract infection 1 0
Loss of appetite 1 0
Back pain 0 1
Gingivitis 0 1
Bradycardia 0 1

aSubjective assessment.
AE, adverse event; OEC, oral enzyme combination.

elevated risk for AEs. There were, however, no
AEs considered to be definitely related to the
study procedures, and no unexpected events were
encountered in association with the OEC treat-
ment. Results from the anti-Xa, Quick PT test,
APTT and fibrinogen analyses did not notably
differ between the treatment groups, suggesting
that interactions between OEC and rivaroxaban
are unlikely. The lack of an effect on coagulation
parameters observed in this study is important,
given that bromelain has been reported to affect
coagulation parameters in ex vivo and in vivo ani-
mal models.#%:4% The present observation is con-
sistent with other clinical studies using OECs,
even when used in combination with low-molec-
ular-weight heparin.5° Overall, the OEC was well
tolerated and showed a safety and tolerability pro-
file similar to that of placebo.

Limitations

The relatively small sample size, which was unin-
tentionally restricted owing to the COVID-19 pan-
demic, represents a limitation for generalizability,
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in addition to a slightly skewed number of partici-
pants in the OEC and the placebo groups owing to
an asymmetrical dropout rate. However, a strength
is the randomized and blinded nature of the study,
with an 8-week follow-up period. Furthermore,
only standard cementless cups and stems were
used in this study. Although other types of stems,
such as short or ultra-short stems, may influence
individual pain and other post-operative out-
comes differently compared with standard
stems,’! we would expect a similar treatment
effect of the OEC. Additional limitations include
the single-centre design and most of the study
population being Caucasian. However, given that
previous studies do not suggest a difference in
response across baseline characteristics, we
believe that the results of this study also represent
what could reasonably be expected outside of the
study population. Lastly, there were no adjust-
ments for the multiple statistical tests performed,
which are therefore all considered to be of explor-
atory nature.

Conclusions

To the best of our knowledge, this exploratory
study is the first double-blind, randomized, pla-
cebo-controlled trial to investigate the effects of
pre- and post-operative OEC therapy constitut-
ing trypsin, bromelain and the flavonoid rutoside
in a controlled post-operative setting following
THR. Pre- and post-operative use of OEC was
associated with significantly reduced CRP levels
and patient self-reported pain during the first
post-operative week. Reduced inflammation is
related to better outcomes after hip surgery, and
pain is a major limitation factor for potential ear-
lier mobilization. Thus, the OEC may be an effi-
cacious and safe treatment option to facilitate
post-operative recovery; however, further investi-
gations are warranted.
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