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Summary
BACKGROUND: Enhanced recovery programs after total
hip arthroplasty have been shown to reduce hospital
length of stay without compromising results, but yet there
is a lack of data for the Swiss population. Therefore, this
retrospective cohort study evaluated whether similar posi-
tive effects on clinical outcomes are present in the context
of the Swiss healthcare system.

METHODS: Patients who underwent elective primary total
hip arthroplasty were analysed. The baseline group com-
prised 50 patients treated consecutively by one surgeon in
2013 according to the clinical practice guidelines. Another
surgeon implemented a new standardised treatment pro-
tocol in April 2014. In January 2018, this protocol was fol-
lowed by an enhanced recovery program that integrated
all care providers at the hospital. The data of the baseline
group (series 0) and four series of 50 patients each, two
treated with the standardised treatment protocol (series
1–2) and two treated with the enhanced recovery program
(series 3–4), were analysed. All patients had follow-ups
at 6 weeks and 3 months after surgery. The primary out-
comes were length of stay and discharge destination; the
secondary outcomes were admission on the day of
surgery (instead of one day prior), the use of urinary
catheters, the administration of opioids, the difference be-
tween pre- and postoperative haemoglobin, blood transfu-
sions, and adverse events within 3 months of surgery.

RESULTS: The median length of stay was 10 days in the
baseline group and only 5 days after the implementation
of the standardised protocol and enhanced recovery pro-
gram in series 4 (p <0.001). The percentage of patients
discharged directly home was higher in series 4 than in the
baseline group (84% vs. 66%, p = 0.085). Patients admit-
ted to the hospital on the day of surgery increased from
2% in series 0 to 98% in series 4 (p <0.001). The use of
urinary catheters was significantly higher in the baseline
group (100% of patients) than in series 3 and 4 (0%) (p
<0.001), and the number of patients who did not require
opioids was significantly higher in series 4 than in series 0
(36% vs. 10%, p = 0.007). The median blood loss (500 ml
vs. 300 ml, p <0.001), median difference in pre- and post-
operative haemoglobin (29 g/dl vs. 25 g/dl, p = 0.145), and
number of blood transfusions (5 vs. 2 p = 0.99) were high-

er in the baseline group than in series 4. The number of
adverse events did not differ significantly between groups
(p = 0.699).

CONCLUSIONS: Almost all parameters examined in this
study showed improvement, whereas the rate of adverse
events was not affected and remained low. The presented
data can be used as a benchmark, but details of these
findings need to be confirmed in larger cohorts.

Background

The number of total hip arthroplasties is growing each year
in almost every Organisation for Economic Cooperation
and Development (OECD) country [1], leading to a high
economic burden on the healthcare systems. Furthermore,
in ageing societies, the increased number of polymorbid
patients necessitates more complex treatment. Therefore, it
is mandatory to use available medical resources more effi-
ciently by implementing evidence-based, safe, and cost-ef-
fective treatment pathways.

Several enhanced recovery programs for total hip arthro-
plasty have been introduced during the past decade [2–6].
The purpose of these programs is to optimise the whole
treatment process, reduce the length of hospital stay, and
decrease overall costs without compromising treatment
quality [6]. The effects of implementing such programs de-
pend on the healthcare systems and can differ considerably
between countries. So far, to the best of our knowledge, no
such data available for the Swiss population.

In 2014, a surgeon at our hospital introduced a standard-
ised treatment protocol for his patients. In 2018, this pro-
tocol was developed further as an enhanced recovery pro-
gram by adding a more extensive preoperative workup and
incorporating all care providers.

This retrospective cohort study investigated the effects of
these changes to clinical routines on peri- and postopera-
tive outcome parameters.

We hypothesised that with the implementation process of
the standardised treatment protocol and the enhanced re-
covery program, the primary outcomes (length of stay and
discharge destination) and other clinical parameters would
improve without affecting the rate of adverse events.
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Methods

Patients and study design

The study was performed at Hirslanden Klinik Birshof,
(Münchenstein, Switzerland), a privately owned hospital at
which orthopaedic surgeons work as independent consul-
tants. The hospital has a public order to provide care for
all patients with health insurance in Switzerland and is thus
open to the whole local population.

The study was approved by the local ethics committee
(Project-ID: 2019-01798). Patients provided informed
global consent that their clinical data could be used for sci-
entific studies.

This study included patients scheduled for elective, pri-
mary, unilateral total hip arthroplasty without previous hip
surgery, disregarding their other musculoskeletal health or
insurance status. Patients with bilateral simultaneous hip
replacement, urgent total hip replacement due to trauma or
acute hip disease, or previous surgery on the same hip were
excluded (figure 1).

A baseline group (series 0) of 50 consecutive patients who
underwent operations by a single experienced surgeon
(AE) and met the inclusion criteria were assessed retro-
spectively (January to September 2013). This group re-
flects the routine protocol at the hospital before the im-
plementation of the standardised treatment protocol. The
implant was either a cemented MS-30® stem or an unce-
mented Alloclassic® stem combined with an uncemented
Allofit® cup (all implants were from Zimmer/Biomet®,
Winterthur, Switzerland). Patients in this group were ad-
mitted to the hospital the day before surgery and received

Figure 1: Flowchart of all hip replacements performed at the hos-
pital and the excluded hips.THA: total hip arthroplasty; AE: Anke
Eckardt; TI: Thomas Ilchmann.

benzodiazepine in the morning (midazolam p.o.,
Dormicum® 7.5 mg) and right before surgery (i.v., e.g. 0.5
mg midazolam), which was typically repeated during the
surgery, combined with an opioid (i.v., 50 μg fentanyl). All
patients had a urinary catheter for 24 hours. Methadone
or morphine (i.v.) was routinely administered in the recov-
ery room, combined with non-steroidal anti-inflammatory
drugs (NSAIDs), metamizole, or paracetamol (i.v.). Stan-
dardised peroral pain medication was administered postop-
eratively (NSAIDs = 2 × 300 mg etodolac (Lodine®), 4 × 1
g paracetamol, 1 g metamizole up to four times in 24 hours
as backup medication, and morphine i.v., if needed). Low-
molecular-weight heparin (dalteparin, Fragmin® 5000 IU
s.c. daily) was used as prophylaxis for thromboembolism
starting on the day of operation, and rivaroxaban (Xarel-
to®) was administered after discharge for 4 weeks. No
drainages were used. Tranexamic acid was not adminis-
tered. First-time mobilisation was expected on the day of
surgery or the first postoperative day. No standardised pro-
tocol was followed for postoperative erythrocyte transfu-
sions.

In April 2014, a new surgeon (TI) started his practice at
our hospital and introduced a standardised treatment pro-
tocol for his patients. From that date, data were collected
prospectively. The operations on these patients were per-
formed with a direct anterior approach (Smith–Peterson).
All implants were uncemented cups (RM Pressfit vitamys,
Mathys, Bettlach, Switzerland) combined with cemented
or uncemented femoral stems (both twinSys, Mathys, Bet-
tlach, Switzerland). No drainages were applied; occlusive
dressings were used and changed on the day of discharge.
With the introduction of the standardised treatment pro-
tocol, the following measures were implemented: admis-
sion on the day of surgery, no preoperative sedative, dex-
amethasone 4–8 mg i.v., tranexamic acid 1 g i.v. 30 min
before surgery and 1 g into the joint at the end of the
operation, strict transfusion criteria depending on clinical
symptoms, and no urinary catheters. In the recovery room,
ketorolac (Tora-dol®) 30 mg i.v. and metamizol (Noval-
gin®) 1 g p.o. were administered postoperatively. The lat-
er postoperative analgesia was standardised (ibuprofen 600
mg p.o. 3×/d and metamizole 1 g p.o. 3×/d, if appropriate
for the patient). Additionally, oxycodone p.o. was admin-
istered on demand. Low-molecular-weight heparin (dal-
teparin, Fragmin® 5000 IU s.c. daily) was used as prophy-
laxis for thromboembolism from the day of operation, and
rivaroxaban (Xarelto®) was prescribed after discharge for
4 weeks.

Patients were mobilised on the day of surgery, and full
weight bearing without further restrictions was encour-
aged. Discharge was suggested when the patient fulfilled
the defined criteria (independent mobilisation and stair-
climbing) and felt prepared enough to leave the hospital.
No maximum length of stay was defined preoperatively,
and no pressure was placed on patients regarding discharge
even if all criteria were fulfilled. The patients were dis-
charged to a rehabilitation hospital if they were assumed to
be unable to manage their daily life at home or if it was the
patient’s wish and it was covered by their insurance.

Data from two series of 50 consecutive patients who un-
derwent operations and met the inclusion criteria were
analysed, being treated according to standardised treatment
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protocol. The first series (series 1, April 2014 to January
2015) included the first 50 patients after the protocol was
introduced; these patients were part of a pilot phase to al-
low adjustment to any possible learning curve. The second
series (series 2, November 2016 to June 2017) included
patients who underwent operations after the protocol had
been well-established.

In January 2018, an enhanced recovery program was ini-
tiated, and further measures were added: An information
booklet was developed by all care providers (surgeons,
anaesthesiologists, nursing staff, and physiotherapists) and
handed out after the operation was scheduled at an interdis-
ciplinary information event (involving all care providers)
that gathered patients and their relatives to outline the up-
coming hospital stay. A standardised preoperative workup
was organised, including the consultation of a nurse who
reported illnesses and actual medications and a consulta-
tion with a specialist in internal medicine if needed (e.g.
in cases of anaemia, immunomodulating medications, or
medications affecting haemostasis). It was communicated
that the planned length of stay would be 5 days maximum
but that no pressure would be applied to the patients re-
garding the actual discharge date. The criteria for inpatient
rehabilitation remained the same.

The third series (series 3, January 2018 to June 2018) in-
cluded the first 50 patients treated under the enhanced re-
covery program. Like series 1, this series was meant to al-
low for adjustment to a potential learning curve. The fourth
series (series 4, January 2019 to July 2019) included pa-
tients who underwent surgery 1 year after the introduction
of the enhanced recovery program when the protocol was
well-established.

The time periods of operation for the groups analysed are
illustrated in figure 2. The number of 50 patients per group
was chosen to ensure that a reasonable number of patients
was included in each group and that sufficient time had
passed between the observation periods to assess changes
in the outcomes.

The patient and perioperative data were routinely docu-
mented for any operation performed at the hospital and
were taken from the charts without following a specific
protocol. Postoperative consultations with the surgeon
were scheduled for all patients at 6 and 12 weeks and after
1 year.

On the day of admission, length of stay (nights postoper-
atively) and discharge destination (home or rehabilitation)
were assessed. The following data were recorded for all pa-
tients: age, sex, living alone, body mass index, American
Society of Anaesthesiologists (ASA) score, medication af-
fecting haemostasis (Aspirin®, vitamin K antagonists, and
factor Xa inhibitors), preoperative anaemia (World Health
Organization 2011, haemoglobin level <120 g/l (women),
<130 g/l (men) [7]), and cemented or uncemented stems
(table 1). In addition, the following outcomes were
analysed: the use of urinary catheters, blood transfusions,
difference in pre- and postoperative haemoglobin, admin-
istration of opioid drugs at any time, and adverse events
within 3 months of surgery.

Clinical and radiological follow-ups were routinely per-
formed in all patients 6 and 12 weeks after surgery. All pa-
tients had further routine follow-ups 1 year after surgery
that were unrelated to this study.

Statistics

Descriptive data analyses were performed to summarise
baseline and procedure characteristics. Qualitative data are
summarised as the number of observations and percent-
ages. Quantitative data are reported with appropriate de-
scriptive statistics; normally distributed data are reported
as the mean and standard deviation, and non-normally dis-
tributed data are reported as the median and interquartile
range (IQR).

First, an omnibus test was employed to identify differences
in outcome measures between the five series (0 to 4). Sec-
ond, a post hoc analysis was used to assess differences be-
tween series 4 and the other series (0 to 3). For continu-
ous data, QQ plots and Shapiro-Wilk normality tests were
used to check the normality of the distribution. Since none
of the continuous variables tested were normally distrib-
uted, Kruskal-Wallis tests were used to check for differ-
ences between the series. To compare series 0–3 with se-
ries 4, a nonparametric Dunn comparison test was used
for Kruskal-type ranked data. For categorical data, Fisher’s
exact test was used as an omnibus test to check for dif-
ferences between series. For post hoc comparison of series
0–3 with series 4, pairwise Fisher’s exact tests with the
Benjamini-Hochberg method were used to control for the
false discovery rate due to multiple testing.

Figure 2: Treatment periods of series 0 to 4 on a time axis. ER: enhanced recovery program; STP: standardised treatment protocol.
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Furthermore, the outcomes of series 0 patients were com-
pared with those of patients in series 1–4 combined with
the Wilcoxon rank sum test for continuous data and Fish-
er’s exact test for categorical data. Fisher’s exact test was
used to investigate whether the proportion of blood trans-
fusions differed between patients with and without
anaemia. The Wilcoxon rank sum test was used to test
whether the length of stay differed between patients dis-
charged directly home and patients discharged to a rehabil-
itation clinic.

In the subgroup of patients living alone, the proportion of
patients discharged to a rehabilitation clinic was assessed
using Fisher’s exact test.

All statistical analyses were performed in R (R Core Team,
http://www.R-project.org/).

Results

All patients were seen 6 and 12 weeks after surgery at the
corresponding surgeon’s practice. Patients in series 0 were
younger than those in series 1 to 4 (p = 0.006) and a lower
percentage of patients were living alone in series 0 than in
the other series (12% in series 0 vs. 26–34% in series 1–4,
p = 0.011). More uncemented stems were used in series
1, 2, and 3 than in series 4 (70%, 58%, and 62% vs 42%,
p = 0.034, p = 0.215, and p = 0.142, respectively, table
1). No statistically significant differences were observed in
sex, body mass index, ASA score, or medications affecting
haemostasis between the five groups (%) 1). Moreover, the

incidence of anaemia did not differ significantly between
series 0 and series 1 to 3, but no patients in series 4 had
anaemia (p = 0.132, table 1)

In series 0, the median length of stay was 10 days, whereas
the median length of stay was 7 days in series 1 and only
5 days in series 4 (table 2; series 1 vs. series 4: p <0.001).
Only one patient had a length of stay of ≤5 days in se-
ries 0, and this increased to 10 patients (20%) in series 1
and 36 patients (72%) in series 4 (table 2; series 1 vs. se-
ries 4: p <0.001). No patients were discharged early (length
of stay ≤3 days) in series 0, whereas 7 patients could be
discharged early in each series from series 2 to 4 (table
2). The median length of stay of all patients was longer in
patients who were discharged to a rehabilitation hospital
compared with those who were discharged home (7 vs. 5
days, p <0.001). This difference decreased with the imple-
mentation of the enhanced recovery program (table 2).

In series 0, 33 patients (66%) were discharged home. The
number of patients who were discharged home increased
steadily from 29 patients (58%) in series 1 to 42 patients
(84%) in series 4 (p = 0.015; table 3). Living alone was
positively associated with discharge to a rehabilitation hos-
pital (p <0.001). In series 0, five of six patients who lived
alone were discharged to a rehabilitation centre. In series
1–4, fewer patients who lived alone were discharged to an
institution (11 of 15 in series 1; 5 of 15 in series 4) (p =
0.104, table 3).

One patient in series 0 was admitted on the day of surgery.
This number increased from 14 patients (28%) in series 1

Table 1:
Baseline characteristics, series 0–4 (50 patients each).

Series 0 Series 1 Series 2 Series 3 Series 4 p-value

Age, years: median (IQR) 65 (52.5 to 73) 72 (64 to 77.8) 71.5 (64 to 75) 68.5 (59.2 to 74.8) 71 (64 to 78.8) 0.029*

Sex – female: n (%) 30 (60%) 28 (56%) 29 (58%) 29 (58%) 24 (48%) 0.799**

Living alone (yes): n (%) 6 (12%) 15 (30%) 17 (34%) 13 (26%) 15 (30%) 0.086**

Body mass index: median (IQR) 26.2 (22.9 to 29.9) 26.4 (23.5 to 28.4) 24.7 (22.7 to 28.8) 27 (24.4 to 30.1) 25.1 (23.6 to 28.3) 0.455*

ASA score – 1: n (%) 9 (18%) 10 (20%) 11 (22%) 11 (22%) 10 (20%) 0.989**

ASA score – 2: n (%) 26 (52%) 26 (52%) 26 (52%) 29 (58%) 26 (52%)

ASA score – 3: n (%) 15 (30%) 14 (28%) 13 (26%) 10 (20%) 14 (28%)

Medication affecting haemostasis: n (%) 11 (22%) 18 (36%) 17 (34%) 8 (16%) 13 (26%) 0.132**

Preoperative anaemia: n (%) 2 (4%) 5 (10%) 5 (10%) 3 (6%) 0 0.132**

Implants – cemented stem: n (%) 30 (60%) 15 (30%) 21 (42%) 19 (38%) 29 (58%) 0.009**

Admission at the day of surgery: n (%) 1 (2%) 14 (28%) 33 (66%) 50 (100%) 49 (98%) <0.001**

* Kruskal–Wallis rank sum test

** Fisher’s exact test

Table 2:
Study outcomes by series.

Series 0 Series 1 Series 2 Series 3 Series 4 p-value

Delta haemoglobin: median (IQR) 29 (25–36) 25.5 (21–33) 24 (22–31.5) 24 (18.8–34) 25 (21.2–31) 0.172*

Blood loss (ml): median (IQR) 500 (338–600) 350 (200–475) 300 (250–400) 300 (200–400) 300 (200–400) <0.001*

Blood transfusion: n (%) 5 (10%) 2 (4%) 3 (6%) 0 2 (4%) 0.245**

Urinary catheter: n (%) 50 (100%) 36 (72%) 3 (6%) 0 0 <0.001**

No opioids: n (%) 5 (10%) 3 (6%) 12 (24%) 17 (34%) 18 (36%) <0.001**

Discharge home: n (%) 33 (66%) 29 (58%) 29 (58%) 39 (78%) 42 (84%) 0.013**

Length of stay: median (IQR) 10 (9–11) 7 (6–8) 5 (4–6) 5 (4–5) 5 (4–6) <0.001*

Length of stay ≤5 days: n (%) 1 (2%) 10 (20%) 31 (62%) 41 (82%) 36 (72%) <0.001**

Length of stay ≤3 days: n (%) 0 2 (4%) 7 (14%) 7 (14%) 7 (14%) 0.01**

Length of stay when discharged to a rehab clinic: median (IQR) 10 (9–11) 7 (7–8) 6 (5–7) 5 (5–5.5) 5 (4.8–5.2) <0.001*

Length of stay when discharged to home: median (IQR) 9 (8–10) 7 (5–8) 5 (4–5) 5 (4–5) 5 (4–6) <0.001*

* Kruskal-Wallis rank sum test

** Fisher’s exact test
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to all patients in series 3 and all but one in series 4 (series
1 vs series 4: p <0.001).

The median blood loss (500 ml vs. 300 ml, p <0.001), me-
dian difference in pre- and postoperative haemoglobin (29
g/dl vs. 25 g/dl, p = 0.145), and the number of blood trans-
fusions (5 versus 2, p = 0.99) were higher in the series 0
than in series 4.

There was no difference in blood loss, pre- and postopera-
tive haemoglobin and blood transfusions between series 1
to 4. Blood transfusions were performed in 4 of 15 patients
with preoperative anaemia (27%) and 8 of the 235 patients
without anaemia (3%).

Five patients in series 0 were treated without the use of
opioids. The number of patients treated without opioids in-
creased in a stepwise pattern from 3 (6%) in series 1 to 18
(36%) in series 4 (series 1 vs. series 4: p = 0.002, table
2). Furthermore, in series 3 and 4, most of the patients re-
ceived just one peroral opioid administration on the first
postoperative night.

All patients in series 0 received a urinary catheter. The use
of urinary catheters decreased from 36 in series 1 to no
catheters in series 3 and 4 (series 1 vs. series 4: p <0.001,
table 2).

No reoperations were performed in series 0; one superficial
wound infection occurred (treated with antibiotics during
the same hospital stay), and no further adverse events oc-
curred. Six patients (3%) required reoperation in series
1–4. One reoperation was necessary because of early sub-
sidence of the stem 5 days after surgery (technical error,
series 1), which was treated with a change of the stem;
one was performed to evacuate a postoperative hematoma
(during the same hospital stay, series 2), one was per-
formed for deep infection (series 2, treated with debride-
ment and antibiotics, overall incidence of deep infection:
0.4%), two were necessary because of periprosthetic frac-
tures (series 3 and 4, overall incidence of periprosthetic
fracture: 0.8%), and one was performed for superficial
wound infection (during the same hospital stay, revision 1
week after surgery, series 3, overall incidence of superfi-
cial infection: 0.8%).

One hip dislocation occurred (readmission, closed reduc-
tion) after six weeks (series 3, overall incidence of dislo-
cation: 0.4%). One patient had a thrombophlebitis (series
2) and one had a deep venous thrombosis (series 4), both
of whom were treated uneventfully. No pulmonary em-
bolisms were observed, and the overall rate of thromboem-
bolic events in series 0–4 was 0.4%.

Fewer adverse events occurred in series 0 than in series
1–4, but this difference was not significant (p = 0.699).

Discussion

Several studies on enhanced recovery after total hip arthro-
plasty have been published [2, 3, 5, 6, 8]. These must be in-

terpreted considering the socio-economic background, dif-
ferences in healthcare systems, and the social structure
and acceptance in the society [9, 10]. Treatment principles
might be generalised, but the implementation of these pro-
tocols can be quite different because they are determined
by the political and economic context in each country.
Switzerland has one of the most expensive healthcare sys-
tems in the world [11], with a large number of hospital
beds and many inpatient rehabilitation facilities. In the
past, there was not much economic pressure concerning
cost reduction, but now the situation is changing. To detect
potentially unnecessary treatments, improve outcomes,
and increase efficiency while maintaining a high quality of
patient care, population-specific analyses are of utmost im-
portance [12]. However, so far, such data are lacking for
the Swiss healthcare system. Total hip arthroplasty is suit-
able to account for the effects of changes in treatment pro-
tocols, as it is a standardised and common procedure. Fur-
thermore, comparisons with other treatment pathways are
possible.

Tranexamic acid was not used at our hospital before the
introduction of a standardised treatment protocol, but the
anaesthetic department was somewhat concerned about
bleeding, so it was administered to almost all patients after
introducing the standardised treatment (series 1). Because
the surgeon was well familiar with the procedure, there
was no operative learning curve; thus, no decreases in
blood loss or difference in pre- and postoperative haemo-
globin were expected in series 1–4. The lower blood loss
and difference in pre- and postoperative haemoglobin in
series 1–4 compared with series 0 might be explained by
the use of tranexamic acid, as this effect is well described
in the literature [14]. The anterior approach might be an-
other explanation for these changes, but no data support
this approach causing less blood loss than the lateral ap-
proach used in series 0 [15].

Apart from higher blood loss and difference in pre- and
postoperative haemoglobin, the transfusion rate was al-
ready low (10%) in series 0 compared with the rate found
in the literature (Yoshihara et al.: 11.2–19.1%, Bedard et
al.: 12.7%) [16, 17]. With the introduction of tranexamic
acid and transfusion criteria, the transfusion rate decreased
even more in series 1–4 (overall 3.5%). We found an as-
sociation between preoperative anaemia and the need for
transfusions, which is well-described [18]. With the intro-
duction of the enhanced recovery program (series 3 and 4),
anaemia was controlled preoperatively, and the transfusion
rate decreased further, matching the published values for
fast-track programs [19, 20].

Opioids were seen as mandatory in joint replacement
surgery for decades and were standard at our hospital (se-
ries 0). Because of their well-documented side effects, a
multimodal pain management strategy that limits opioid
use is a key part of any fast-track treatment protocol [21,

Table 3:
Patients living alone discharged to rehab centres vs. those discharged to their homes.

Series 0 Series 1 Series 2 Series 3 Series 4 p-value

Rehab Home Rehab Home Rehab Home Rehab Home Rehab Home

Living alone: n (%) 5 (83.3%) 1 (16.7%) 11 (73.3%) 4 (26.7%) 12 (70.6%) 5 (29.4%) 7 (53.8%) 6 (46.2%) 5 (33.3%) 10 (66.7%) <0.001*

Living with a partner: n (%) 12 (27.3%) 32 (72.7%) 10 (28.6%) 25 (71.4%) 9 (27.3%) 24 (72.7%) 4 (10.8%) 33 (89.2%) 3 (8.6%) 32 (91.4%)

*Cochran-Mantel-Haenszel Chi-Squared Test
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22]. Such a protocol should have been introduced from the
beginning of series 1, but it took time to incorporate it in-
to the perioperative pain medication plan because of the
concerns of the anaesthetic department. Most patients were
treated with opioids, and many still received intravenous
opioids in series 1, but this rate decreased steadily. It is de-
batable whether opioid-free treatment is an achievable goal
for all patients; however, with restricted and peroral ap-
plication, the side effects of opioids can be effectively re-
duced [22].

For many years, urinary catheterisation was seen as
mandatory in patients with joint replacement to monitor
urinary output and guide fluid management [23]; all pa-
tients had a urinary catheter in series 0. However, the
routine use of perioperative urinary catheterisation may
increase the risk of urinary tract infection and does not
eliminate the need for subsequent re-catheterisation [24].
In fast-track total hip arthroplasty and total knee arthro-
plasty (TKA), standardised urinary catheterisation is not
recommended. However, urinary retention is seen in up to
40% of patients with fast-track total hip arthroplasty and
TKA [25, 26]. In our study, the use of urinary catheters was
meant to be avoided from series 1 on, but the vast majori-
ty of the patients still received a catheter because of anaes-
thesiological habits. Two years later (series 2) the standard
placement of urinary catheters had almost disappeared.

All patients were seen at 6 and 12 weeks after surgery by
the treating surgeons, and no patients missed their follow-
ups; thus, all reoperations and adverse events were record-
ed. The rate of reoperations and adverse events was low
(series 1–4 average: 4.5%), in line with the published data
on fast-track programs [8, 27] and the Swiss implant reg-
istry SIRIS [13]. The reoperation rate was evenly distrib-
uted across the whole observation period without an in-
crease after the introduction of the standardised treatment
protocol and enhanced recovery program. Fewer adverse
events occurred in the baseline group (series 0) than in se-
ries 1–4 (p = 0.699). However, the number of patients and
the incidence of adverse events were too low to distinguish
whether this was due to mere coincidence, differences in
demographics, more restrictive rehabilitation, or the use of
the lateral approach.

Discharge to a rehabilitation centre is a well-established
practice in Switzerland and is seen as necessary by health-
care providers and patients, especially for patients living
alone. This is a known predictor of discharge to an insti-
tution [28–30], which our findings confirmed. As a part of
the standardised treatment protocol and even more so in
the enhanced recovery program, patients had more prepa-
ration for the time after hospitalisation. This might have
been why more patients could be discharged home, even if
they lived alone.

Admission on the day of surgery was not an established
practice at the hospital; thus, it took some time for this
practice to be managed and introduced. Several anaesthe-
siological, social, and financial concerns had to be over-
come, and these concerns may differ considerably between
healthcare systems [31–35]. The preoperative assessment
has to be anticipated in the outpatient setting, which re-
quires time and organisational effort. With the introduction
of the enhanced recovery program (series 3 and 4) the hos-
pital committed to this strategy and facilitated structural

changes, and thus almost no patients were admitted the day
before surgery.

The median length of stay was 3 days longer in series 0
than in the first series treated under the standardised treat-
ment protocol. In series 0, only one patient had a length of
stay of less than 5 days, whereas shorter lengths of stay be-
came frequent in series 1–4. This difference is even more
remarkable considering that patients in series 0 were ad-
mitted the day before surgery (the day of admission did not
count toward the length of stay), had a lower age, and were
less likely to be living alone. The length of stay decreased
with the introduction of the standardised treatment proto-
col and further decreased with the enhanced recovery pro-
gram (series 3). It remained unchanged in series 4, and a
further decrease is unlikely because of the lack of pressure
regarding discharge. Very short hospital stays (≤2 days)
still are uncommon in the regional health system; patients
do not expect this, and financial consequences can occur
in cases of very short hospital stays, as determined by the
Swiss Diagnosis-Related Group (DRG). Shorter hospital
stays are common in other countries [27, 36|, with some
performing total hip arthroplasty as an outpatient proce-
dure, but more structural changes are needed for this, along
with financial stimulus and a broader acceptance in soci-
ety.

In cases of discharge to a rehabilitation institution, the
length of stay depends on many organisational aspects.
This was not anticipated in series 0–2, and thus patients ad-
mitted to an institution had a longer length of stay. In series
4, patients with different discharge destinations showed al-
most no differences in length of stay, and the enhanced re-
covery program also affected the administrative processes.

The study has several limitations. The hospital had no ICU,
and patients with an ASA score of 4 were not admitted.
However, these patients are rarely scheduled for elective
total hip arthroplasty, and most of them would not have
met the inclusion criteria. All other patients with health in-
surance in Switzerland could have been treated. This study
had no major selection bias, and the demographic data of
the studied patients were comparable to the data available
in the national Swiss Implant Registry SIRIS [13].

The use of cemented stems was higher than the mean use
in Switzerland [13]. Cemented stems were used for older
adults with poor bone quality according to the judgement
of the surgeons, and the indication and technique did not
change with time. Cementing requires a longer operating
time for curing of the cement but otherwise does not affect
peri- and postoperative treatment. This should not have af-
fected the results.

The sample size was limited, and an adjustment for base-
line characteristics was not possible. The control group
(series 0) differed considerably in age and the percentage
of patients living alone. However, these differences in the
patient demographics would have favoured the outcomes
in the control group (series 0) [40, 28].

Operations in the baseline group were performed via the
lateral approach by one surgeon (AE), and the operations
in series 1–4 were performed by another surgeon via the
anterior approach. The anterior approach is assumed to fa-
cilitate recovery [37]. No data have been published re-
garding differences in recovery between the anterior ap-
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proach and the direct lateral approach; the use of different
approaches might be a limitation of the study, favouring
outcomes for the standardised treatment protocol and the
enhanced recovery program [38]. However, no operative
learning curve was present for either approach, as both sur-
geons were familiar with the approaches, and a significant
difference in outcomes between approaches has not been
shown [39]. Thus, the differences in approach do not ex-
plain the described differences in outcomes.

Furthermore, the study did not include a control group, but
this would not have been feasible because changes in clin-
ical processes could affect other processes at the same in-
stitution. Despite these limitations, it can be assumed that
series 0 represents the standard of care in many Swiss hos-
pitals at that time.

Two parameters showed a lack of significant improvement
due to the limited sample size, but all other parameters im-
proved; this aligns with the published data on enhanced
recovery programs [21, 27, 41]. Many treatment details
were changed, and the studied parameters were not inde-
pendent. A multifactorial analysis would have been neces-
sary to study the effects of single measures, but the number
of patients was too small for such an analysis.

Another limitation is the lack of patient-reported out-
comes, which would have been needed to assess the effect
of the standardised treatment protocol and enhanced recov-
ery program on clinical outcomes and patient satisfaction.
However, all patients were seen regularly by the respon-
sible surgeons even 1 year after surgery, and the patients
were operated on in a competitive environment. None of
the healthcare providers at the hospital would have sug-
gested stopping the enhanced recovery program. Thus, we
strongly believe that patient satisfaction at least did not de-
crease with the introduction of the standardised treatment
protocol and enhanced recovery program.

The strengths of the study are as follows: the operations
in the study group (series 1–4) were performed by a single
surgeon using the same implants and surgical technique;
there was no learning curve concerning the operative tech-
nique; and a complete dataset of all patients was available.

Conclusions

In a Swiss population, we showed for the first time that
the implementation of an enhanced treatment protocol for
total hip arthroplasty resulted in a shorter length of stay
and a lower rate of discharge to a rehabilitation institution.
There was an improvement in almost all examined para-
meters, and the rate of adverse events was not affected and
remained low. These data can be used as a benchmark, but
the details of these findings need to be confirmed in larger
cohorts.
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