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steoarthritis is the leading

cause of pain and disability

among the elderly and af-
fects 15% of the population. Despite a
range of treatments for osteoarthritis
(OA), joint replacement remains the
main treatment option for patients in
whom the disease has progressed.!

In Victoria, more than 20000 hip
and knee joint replacements are
now performed each year, reflect-
ing orthopaedic practices globally.
The prevalence of OA and the need
for joint replacement are likely to
increase because of a combination
of increasing risk factors (age, obesity)
and improved surgical and anaes-
thetic techniques that make surgery
possible for more people!

Across health services, there is wide
variation in hospital length of stay
for patients receiving hip and knee
replacements. This is probably
independent of casemix and more
reflective of varying health service
practices. Surgical injury, pain,
stress-induced catabolism, impaired
organ function and impaired cog-
nitive function may contribute to
complications, prolonged hospi-
talisation, postoperative fatigue,
delayed convalescence and the need
for rehabilitation. Optimisation
of individual care components in
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Obijective: To institute and evaluate the benefits of an enhanced recovery
after surgery (ERAS) program across three hospitals in Victoria.

Design, setting and participants: We used a before-and-after quality
improvement study design consisting of three phases: pre-ERAS
program data collection from March to September 2012; ERAS training
and implementation during September 2012; and change performance
measurement following ERAS implementation from October 2012 to May

Main outcome measures: The primary end point was duration of hospital
stay after knee or hip arthroplasty. Secondary end points were adherence to
the ERAS bundle, and process and patient recovery characteristics.

Results: We enrolled 412 patients to the pre-ERAS (existing-practice)
phase and compared them with 297 patients in the ERAS phase. For ERAS
patients, compared with existing-practice patients, hospital stay was
reduced (geometric mean, 5.3 [SD, 1.6] v 4.9 [SD, 1.6] days; P< 0.001) and
there was a significant improvement in the proportion of patients ready
for discharge on Day 3 after surgery (41% v 59%; P < 0.001). The most
common reason for delayed discharge was patients waiting for review or
access to rehabilitation services. There were markedly improved indicators
of processes and outcomes of care, including improved patient education,
reduced fasting times, less blood loss, better analgesia, earlier ambulation
and improved overall quality of recovery.

Conclusion: We found that an ERAS program could be successfully
implemented in elective joint arthroplasty, leading to a shorter duration of
@ospital stay. We recommend this orthopaedic ERAS pathway.

perioperative care (the fast-track
methodology) reduces the need
for prolonged hospitalisation and
convalescence, and reduces mor-
bidity, with subsequent economic
savings.>® Enhanced recovery after
surgery (ERAS) programs are a
care package of evidence-based

interventions used in a multimodal,
integrated clinical care pathway to
achieve improved functional out-
comes and rapid recovery.® ERAS
pathways have led to reduced hos-
pital stays after hip or knee replace-
ments — as short as 3 days in many
centres.>®

[ )

[ )

[ )

[ )

[ ]

[

e Spinal anaesthesia (not epidural)
[ )

[ )

[ )

[ ]

e Antiemetic prophylaxis
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cyclooxygenase-2 inhibitor

e Mobilisation within 24 hours

e Early hospital discharge (<5days) &

1 Sixteen predefined enhanced recovery after surgery items for hip or knee arthroplasty

Nurse coordinator counselling in the orthopaedic or preadmission clinic
Preadmission review by a physiotherapist and/or dietitian

Minimal fasting preoperatively, defined as clear oral fluids up to 2 hours before surgery
Preoperative oral carbohydrate loading

No sedative premedication (benzodiazepines, opioids or neuroleptics)

Pre-emptive analgesia with paracetamol and gabapentinoids according to protocols

Local anaesthesia technigue (surgeon-delivered local infiltration of analgesia or anaesthetic femoral nerve block)
Minimal (<10 mg) intravenous morphine intraoperatively
Intraoperative avoidance of excessive intravenous fluids (knee, >1L; hip, > 2L; both: subtracting blood loss)
Active intraoperative warming (forced air warming and/or warmed intravenous fluids)

Multimodal oral analgesia for =3 days postoperatively, to include a non-steroidal anti-inflammatory drug or

Early postoperative (recovery room) oral carbohydrate supplementation
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2 Patient demographic and perioperative characteristics*

Usual medications
Opioid
Aspirin within 5 days
Clopidogrel within 7 days
Warfarin within 7 days
NSAID/COX-2 inhibitor
ACE inhibitor/ARB
Beta blocker
Statin
Calcium channel blocker
Diuretic
Oral hypoglycaemic
Insulin
LMWH

ASA physical status
1
2
3
4

Disease
Osteoarthritis
Rheumatoid arthritis
Avascular necrosis
Other

Previous PONV or motion sickness

Existing practice ERAS
Variable (n=412) (n=297) P
Sex, male 164 (40%) 113 (38%) 0.64
Mean age, years (SD) 68 (1) 67 (10) 0.22
Mean weight, kg (SD) 84 (19) 87 (20) 0.092
Medical history
Current smoker 46 (11%) 30 (10%) 0.65
Hypertension 284 (69%) 194 (65%) 0.31
Coronary artery disease 70 (17%) 41 (14%) 0.25
Stroke 20 (5%) 10 (3%) 0.33
Heart failure 19 (5%) 15 (5%) 0.86
Peripheral vascular disease 13 (3%) 8 (3%) 0.72
Diabetes 81(20%) 73 (25%) 0.12
COPD 88 (21%) 67 (23%) 0.70
Preoperative anaemia 36 (9%) 22 (7%) 0.52

106 (26%) 58 (20%) 0.053
58 (14%) 54 (18%) 0.14
2 (<1%) 0 0.23
22 (5%) 6 (2%) 0.025

109 (26%) 109 (37%) 0.004

235 (57%) 168 (57%) 0.90

71 (17%) 51 (17%) 098
141 (34%) 89 (30%) 037
98 (24%) 73 (25%) 0.81
120 (29%) 79 (27%) 045

57 (14%) 60 (20%)  0.024

9 (2%) 1 (4%) 0.25

20 (5%) 8 (3%) 015

0.57t
10 (2%) 10 (3%)
223 (54%) 161 (54%)
172 (42%) 122 (41%)

7 (2%) 3 (1%)

0.22

367 (89%) 275 (93%)

4 (1%) 0

14 (3%) 7 (2%)

27 (7%) 15 (5%)

124 (30%) 81 (27%) 0.41

for trend. &

ACE = angiotensin-converting enzyme. ARB = angiotensin-receptor blocker. ASA = American
Society of Anesthesiologists. COPD = chronic obstructive pulmonary disease.

COX =cyclooxygenase. ERAS = enhanced recovery after surgery, LMWH =low molecular weight
heparin. NSAID = non-steroidal anti-inflammatory drug. PONV = postoperative nausea and
vomiting. * Data are no. (%) of patients unless otherwise specified. 1 P value derived from y 2 test

We aimed to assess the extent to
which a predefined ERAS program
for orthopaedic surgical patients
could be achieved, and to evaluate
improvements in quality of care and
patient outcome across three public
hospitals in Victoria.
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Methods

We used a before-and-after study
design consisting of three phases.
Public health services involved in
the study were the Alfred, Bendigo
and Monash hospitals.

Phase 1: over the 6 months before
implementation of the ERAS pro-
gram, we recorded perioperative data
for all eligible patients undergoing
surgery (the existing-practice cohort).

Phase 2: training of staff managing
orthopaedic surgical patients. For
1 month, the evidence-based back-
ground to ERAS was promulgated to
all surgical, anaesthetic and nursing
staff. This was done in various forms
including lectures, workshops, meet-
ings and written instructions.

Phase 3: change performance. We
undertook a repeat audit following
the implementation of the ERAS care
package (the ERAS cohort).

Our study received ethics approval
as an audit project with a waiver
for specific patient consent (Alfred
Human Research Ethics Committee,
EC 92/12).

The pre-ERAS phase ran from March
to September 2012. Training of staff
took place over September 2012. The
ERAS phase ran from October 2012
to May 2013.

Patient health status was quanti-
fied using the American Society of
Anesthesiologists physical status
classification, ranging from 1 (healthy
patient) to 5 (moribund patient not
expected to survive without the
operation). Patient quality of recov-
ery was assessed using the patient-
centred, 15-item quality-of-recovery
score,” and the 12-item World Health
Organization Disability Assessment
Schedule 2.0 score.”” Indicators of
patient satisfaction were assessed at
30 days after surgery using a 5-item
Likert scale (0=strongly agree,
5=strongly disagree).

Actual hospital stay was timed from
the beginning of surgery until dis-
charge. We evaluated readiness for
discharge on postoperative Day 3,
defined by whether patients were eat-
ing and drinking, had no drain tubes
or urinary catheters, were weight-
bearing, and had well controlled pain
scores (visual analogue scale with a
range of 0 to 10) at rest and on move-
ment of less than 3 and 5, respectively.

A successful ERAS implementation
required at least 11 of 16 prespecified
ERAS items (Box 1).
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On completion of our study, there
was a concern raised by the surgical
team at the lead institution regarding
an apparent increased incidence of
acute kidney injury (AKI). In view
of the widespread use of local anaes-
thetic infiltration with a solution that
included ketorolac 30mg, we chose to
investigate this more formally at the
lead institution. We retrospectively
retrieved all perioperative creatinine
data for the study cohorts. AKI was
defined according to AKI Network™
and RIFLE (risk, injury, failure, loss,
end-stage kidney disease)? criteria.
We did not include urine output or
oliguria in the definitions of AKI, in
part because we did not collect these
data, but primarily because urine
output is an unreliable indicator of
renal function in the perioperative
setting.

To account for the restrictive intra-
venous (IV) fluid regimen used in
the ERAS cohort (which may have
artificially elevated serum creatinine
because of the avoidance of a dilu-
tional effect from excessive IV fluids
increasing body water), we calculated
the adjusted creatinine concentration
by first estimating the volume of dis-
tribution for creatinine as equal to
total body water (assumed to be 60%
of body weight, expressed in mL), and
assuming that 50% of IV fluid was
still accumulated as tissue oedema at
the time of postoperative creatinine
measurements:'®

adjusted creatinine concentra-
tion=serum creatinine con-
centration X (1 +[0.5%IV fluid
balance/total body water])

Analysis of the data showed that
there was no increased incidence of
AKITin the ERAS group (Appendix 1).

The primary end point of the study
was duration of hospital stay.
Secondary end points were adher-
ence to the ERAS bundle (defined as
=11 items), and a number of patient
outcome measures. A sample size
calculation based on a change in
hospital stay from a mean of 7 days
(SD, 4days) to 6days (SD, 3 days), with
an o value of 0.05 and a B value of
0.2, required at least 380 patients to
be enrolled, but we included a larger
sample in view of the planned sub-
group analyses. Continuous data are

3 Perioperative and surgical care*
Existing practice

Variable (n=412) ERAS (n=297) P
Preadmission clinic, seen by:

Nurset 406 (99%) 297 (100%) 0.037

Anaesthetist 405 (98%) 297 (100%) 0.024

Surgeon 406 (99%) 297 (100%) 0.037

Physiotherapist! 331(80%) 224 (75%) 0.12

Occupational therapist 324 (79%) 249 (84%) 0.077

Dietitiant 0 61 (21%) <0.001
Day of surgery

Admission on day of surgery 404 (98%) 294 (99%) 0.32

Shower with antibiotic soap 399 (97%) 238 (80%) <0.001

Preoperative skin wipes 4 (1%) 91 (31%) <0.001

Oral (clear) fluids givent 2 (<1%) 180 (61%) <0.001

Oral carbohydrate drink® 0 248 (84%) <0.001

Gabapentin premedication’ 21(5%) 172 (58%) <0.001
Type of surgery

Hip 214 (52%) 129 (43%) 0.025

Knee 198 (48%) 168 (57%) 0.025

Revision 26 (6%) 13 (4%) 0.26
Tubes

Urinary catheter 200 (49%) 107 (36%) 0.001

Drain tube(s) 105 (25%) 59 (20%) 0.080
Type of anaesthesia

General (tregional) 266 (65%) 164 (55%) 0.014

Spinalf 236 (57%) 205 (69%) 0.001

Epidural or CSE 16 (4%) 3 (1%) 0.019
Postoperative regional analgesia

Nerve block used 135 (33%) 44 (15%) <0.001

LA infiltrationt 214 (52%) 222 (75%) <0.001
PONV prophylaxis® 233 (57%) 202 (68%) 0.002
Mean total IV fluids, mL (SD)* 1756 (767) 1446 (687) <0.001
Active (forced air) warming?’ 392 (95%) 285 (96%) 0.34
Mean lowest temperature, °C (SD) 35.7(0.5) 36.2 (0.4) 0.039
Mean duration of surgery, hours (SD) 2.0 (0.9) 1.9 (0.6) 0.33
CSE = combined spinal and epidural. ERAS = enhanced recovery after surgery. IV = intravenous. LA = local anaesthesia.
PONV = postoperative nausea and vomiting. * Data are no. (%) of patients unless otherwise specified. t Key ERAS
implementation points. ¢

reported as mean (SD) or median and
interquartile range (IQR). Numerical
data were first tested for normality
using the Kolmogorov—Smirnov test
and then compared using the Student
t test or Wilcoxon rank—sum test, as
appropriate. Rates were compared
using 2 or Fisher exact test, as appro-
priate. Hospital stay was expected to
be skewed to the right because of a
small proportion experiencing com-
plications and a protracted hospital

stay. Therefore, we log-transformed
hospital stay data to enable valid
comparison using the ¢ test; in addi-
tion, we report median (IQR) length
of stay and results of Wilcoxon
rank-sum testing. Patients under-
going each type of surgery were also
analysed as subgroups. A P value of
less than 0.05 was considered statisti-
cally significant. Data were analysed
with SPSS version 20.0 for Windows
(SPSS Inc).
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4 Recovery profile and hospital stay
Existing practice ERAS

Variable (n=412) (n=297) P
Recovery room
Median pain score (IQR), at rest* 0 (0-5) 0 (0-4) 0.047
Median pain score (IQR), on movement* 0 (0-7) 0 (0-4) <0.001
Admission temperature, °C (SD) 36.1(0.5) 36.0 (0.6) 0.006
Postoperative, at 24 hours
Median pain score (IQR), at rest* 5(3-7) 4 (2-5) <0.001
Median pain score (IQR), on movement* 6 (4-8) 5(3-7) <0.001
Mean quality of recovery score (SD) (range, 0-150) 103 (19) 106 (20) 0.056
Total knee replacement

Mean knee flexion (SD), degrees 51(19) 57 (24) 0.026

Median quadriceps strength (IQR), Nm 3(2-3) 2(2-3) on
Postoperative, at 48 hours
Median pain score (IQR), at rest* 4 (2-6) 3(1-5) <0.001
Median pain score (IQR), on movement* 6 (4-8) 5(2-7) 0.001
Total knee replacement

Mean knee flexion (SD), degrees 72 (19) 78 (14) 0.009

Median quadriceps strength (IQR), Nm 3(2-3) 3(2-3) 0.90
Recovery parameters, median hours (IQR)
Weight bearing 1.1(1.0-2.0) 1.0 (0.9-2.0) 0.001
Oral fluid intake 3.2(2.0-5.0) 27 (1.7-40) 0.016
Oral food intake 7.0 (4.3-15) 6.3 (3.2-79) 0.004
Removal of drain tubes 27 (24-42) 25 (23-27) 0.002
Removal of urinary catheter 48 (42-76) 33 (17-60) <0.001
Blood transfusion in hospital, no. of patients (%) 58 (14%) 31 (10%) 0.24
Return to theatre, no. of patients (%) 14 (3%) 10 (3%) 0.76
Length of stay, days
Geometric mean (SD) 53(1.6) 49 (1.6) <0.001
Median (IQR) 5.0 (4.0-6.8) 5.0 (3.8-6.2) 0.10
ERAS = enhanced recovery after surgery. IQR = interquartile range. * Visual analogue scale: O =none, 10 = severe. ¢
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Results

We enrolled 709 patients into the pro-
ject; 412 in the existing-practice cohort
and 297 in the ERAS cohort (Box 2).
We achieved 100% patient follow-up
to hospital discharge and 90% follow-
up at 6 weeks; there were 41 (10%)
and 25 (8%) patients missing in each
cohort, respectively. Comparison of
data from the three hospitals showed
that the patients were similar demo-
graphically as well as having similar
rates of physical functioning and co-
morbidity. The existing-practice and
ERAS cohorts, with the exception of
some medications, were comparable
(Box 2), which allowed unadjusted
analyses between groups.
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The ERAS program led to a signifi-
cantly higher rate of successful imple-
mentation of this clinical pathway
(2% v 81%; P<0.001) (Box 3, Box 4,
Box 5 and Appendix 2). The post-
implementation cohort had a signif-
icantly increased number of ERAS
interventions compared with the
existing-practice group (median, 12
[IQR, 10-13] v 8 [IQR, 7-10]; P <0.001).

Overall, there was a significant
reduction in hospital stay (geomet-
ric mean, 5.3 [SD, 1.6] v 4.9 [SD, 1.6]
days [P <0.001]) (Box 4), with around
half of the patients being discharged
from hospital within 5 days of sur-
gery (ERAS group, 60% v existing-
practice group, 52%; P=0.086). For
those undergoing knee replacement

Research

surgery, the ERAS program was
associated with a reduced hospital
stay (geometric mean, 5.3 [SD, 1.6] v
4.5 [SD, 1.5] days [P=0.001]; median,
5.0 [IQR, 4.0-6.7] v 4.1 [IQR, 3.0-6.0]
days [P=0.005]); and a greater propor-
tion of patients were more likely to
be discharged by Day 5 (64% v 52%;
P=0.019). There was no change in
median hospital stay for hip replace-
ment patients in the ERAS group
compared with the existing-practice
group (median, 5.0 [IQR, 3.5-7.0] v 5.0
[IOR, 4.0-6.9] days; P=0.99). Overall,
the 75th centile for length of stay
decreased from 6.8 to 6.0 days.

We found high rates of compliance
with nearly all ERAS items (Box 3).
There was increased use of spinal
anaesthesia. The use of femoral nerve
block (with or without a catheter) was
substituted by favouring surgeon-
delivered local anaesthetic infiltra-
tion in 75% of cases; this change
in practice varied across the three
hospitals (98%, 37% and 98%). There
were improved dynamic pain scores
and quality of recovery (Box 4). There
were improvements in other recovery
parameters (early feeding, ambula-
tion and removal of tubes). Patients
undergoing knee replacement had
improved flexion on postoperative
Days 1 and 2.

The proportion of patients ready
for discharge on Day 3 after sur-
gery was significantly higher in the
ERAS group compared with the
existing-practice group: 59% v 41%,
respectively; relative risk, 1.35 (95%
CI, 1.18-1.53); P<0.001 (Box 6 and
Appendix 1).

The 6-week complication rates were
similar and there was no increase in
the rate of hospital readmission. Pain
levels were similar and there was a
higher level of patient satisfaction at
6 weeks after surgery (Box 5).

The incidence of AKI was compa-
rable between groups (Appendix 1).
The final plasma creatinine values
were slightly higher in the ERAS
group, but this could be accounted
for by higher baseline (preoperative)
values; ERAS patients had a mean
change in creatinine from 78 mmol/L
(SD, 24 mmol/L) preoperatively, to
a final reading of 79 mmol/L (SD,
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24mmol/L) postoperatively. There
were no cases of renal failure.

Discussion

Our study results indicate that imple-
menting an ERAS program may be
beneficial for other Victorian public
hospitals. The ERAS program had
a small but significant effect on
hospital stay, particularly for knee
replacement patients. A pertinent
finding from our study was that a
higher proportion of patients man-
aged through the ERAS care pathway
compared with the existing-practice
group (59% v 41%, respectively) were
deemed ready for discharge on post-
operative Day 3.

The limited effect on actual hospital
stay in this project is likely to be due
to one key factor: despite an effec-
tively implemented ERAS program,
there were entrenched hospital prac-
tices that prevented earlier hospital
discharge even though patients were
deemed ready for discharge; that is,
discharge planning practice was
mostly unchanged. This is due to
established ward practices, includ-
ing a repetitive requirement for many
joint replacement patients to undergo
their initial rehabilitation program
as an inpatient (delaying their dis-
charge). Patients referred for reha-
bilitation often wait for some time
(hours or days) before being reviewed
by rehabilitation services. Further, if
surgery occurred on a Thursday or
Friday, patients had minimal access
to physiotherapy over the weekend.
These aspects offer opportunities for
improvement. The challenge is clear:
to convert improvement in care (and
outcome) into shorter hospital stay.

Our primary end point was dura-
tion of hospital stay. As we have
done previously,* we used a log-
transformation and compared geo-
metric means to account for skewness
of our data (a small proportion of
patients staying in hospital for very
long times distorts central tendency
— a well known phenomenon for
many types of surgery). A second-
ary non-parametric comparison of
median stays was not statistically sig-
nificant. Therefore, we reported the
75th centiles to illustrate the observed

5 Recovery profile at 6 weeks after surgery*

Existing practice ERAS

Variable (n=412) (n=297) P
Wound infection 21 (5%) 13 (4%) 0.99
Prosthesis infection 5 (1%) 2 (<1%) 0.60
Prosthetic joint dislocation 2 (<1%) 3 (1%) 0.31
Periprosthetic fracture 0 0 >0.99
Thromboembolism 13 (3%) 10 (3%) 0.59
Urinary tract infection 8 (2%) 2 (1%) 0.22
Death 2 (<1%) 1(<1%) 0.85
Worst pain rating in past 24 hours? 2 (0-4) 2 (0-3) 0.01
Extent of disability in past 24 hourst 2(0-3) 1(0-2) 0.37
Patient satisfaction*

Was surgery worthwhile? 1(1-2) 1(1-1) <0.001

Did surgery improve your daily life? 1(1-2) 1(1-2) 0.015

Do you feel better? 1(1-2) 1(1-2) <0.001

Do you have trouble sleeping? 3(2-4) 3(2-4) 0.67
Hospital readmission 25 (6%) 15 (5%) 0.87

ERAS =enhanced recovery after surgery. * Data are no. (%) of patients or median score (IQR). t Visual analogue scale:
0=none, 10 =severe. $ 5-point Likert scale: O = strongly agree, 5 =strongly disagree. 4

improvement in hospital stay for the
majority of patients.

Administrative and traditional pat-
terns of clinical practice limit oppor-
tunities for change and are common
causes of delayed discharge from
hospital.*?¢ Perhaps specific fast-
track arthroplasty units that have
evidence-based and protocolised
rapid recovery pathways can opti-
mise cost-efficient quality outcomes
after hip and knee replacement sur-
gery.”® This could reduce hospital
costs, improve patient satisfaction
with care and potentially reduce
perioperative morbidity.

We demonstrated that an ERAS pro-
gram for orthopaedic joint replace-
ment can be achieved. We markedly
improved most indicators of pro-
cesses related to an ERAS program.
These included preadmission patient
education, reduced fasting times,
clear oral fluids, written instruc-
tions (including expected day of dis-
charge), less blood loss, better pain
relief, earlier ambulation and better
overall quality of recovery. Similar
success has been reported in other
countries.*”® Medical teams can be
trained to deliver an ERAS program
and this clearly improves the quality
of care.

6 Proportion of patients ready
for discharge on Day 3 after
surgery*

100%

80% -

60% -

40% -

Proportion of patients

20% -

0 Existing practice ERAS

ERAS = enhanced recovery after surgery.
*P<0.001. &

We clearly demonstrated that we
could successfully implement a
predefined ERAS program for
orthopaedic surgical patients in
public hospitals, and that doctors
and nurses could follow such a regi-
men to improve outcome parameters.
There was high uptake of nearly all
ERAS items. This led to clinically
important improvements in care,
a small reduction in hospital stay
for knee replacement patients, and
an overall improvement in some
aspects of patient satisfaction. There
was evidence of improved quality of
recovery. There was no effect on most
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complications and no adverse effect
on hospital readmission rates.

Our 6-week complication rates are
lower than those reported in most
studies, the largest of which included
4500 consecutive unselected hip and
knee replacements.® In that study,
the first 3000 patients represented
existing or traditional practice and a
further 1500 patients underwent an
ERAS protocol similar to that used
in our study. This group reported a
decrease in length of stay from 6 days
to 3 days (P <0.001), as well as a reduc-
tion in 30-day mortality (from 0.5%
to 0.1%; P=0.02) and 90-day mortality
(from 0.8% to 0.2%; P=0.01). Blood

MJA 202 (7) - 20 April 2015

transfusion was reduced from 23% to
9.8% (P <0.001). There was a trend of
a reduced rate of 30-day myocardial
infarction (from 0.8% to 0.5%; P=0.2)
and stroke (from 0.5% t0 0.2%; P=0.2).
There was no measurable effect on
deep vein thrombosis (0.8% v 0.6%;
P=0.5) or pulmonary embolism (1.2%
v 1.1%; P=0.9).

There were some limitations of our
study. It was not a randomised trial
and there may have been some imbal-
ance between the groups that we
did not account for. The study was
unblinded and we compared numer-
ous secondary end points. Although
there are likely to be cost benefits of

an ERAS program, we did not under-
take any health costing analyses.

We found a high level of general
acceptance and uptake of the ERAS
program and, on the whole, it had a
positive effect on patients and staff.
We can recommend this orthopaedic
ERAS pathway.
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