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Abstract: Background: While there is evidence on the effectiveness of optimized treatment processes
for patients receiving hip and knee endoprostheses, feasibility in various settings has not been ad-
equately investigated. The multicenter PROMISE Trial (Process optimization by interdisciplinary
and cross-sectoral care using the example of patients with hip and knee prostheses) was set up to
fill this gap. Methods: A complex optimized process was implemented in three German hospi-
tals offering different levels of care and five cooperating rehabilitation centers. For the feasibility
question, data on 19 parameters characterizing the defined process were collected. The extent of
cross-sectoral collaboration was a special focus. Results: The data show, for almost all parameters
in all facilities, an implementation rate of more than 80% with missing data below 5%, n = 1887
study participants. A total of 96.8% attended a rehabilitation program, and for 29.2% rehabilitation
took place in a PROMISE-collaborating facility. Conclusions: Adherence to the defined and well-
documented process was very high in all three organizationally very different hospitals, so that
feasibility is given and transferability of the concept can be assumed. An exception was the targeted
integration of rehabilitation into the treatment process. The goal of cross-sectoral networking could
only be partially achieved.

Keywords: hip replacement; knee replacement; ERAS; process optimization; feasibility

1. Introduction

For quality purposes, the German Federal Joint Committee (Available online: https:
//www.g-ba.de/ (accessed on 25 February 2022)) sets minimum requirements for the
quality of structures, processes and outcomes for certain treatments in Germany. However,
a generally binding standard of care for patients undergoing hip (THA) or knee replace-
ment (TKA) is missing so far and AWMF guidelines exist only for indication for THA [1]
and TKA [2]. This is not an unimportant deficit, as in Germany alone, >200,000 initial
hip arthroplasties [3] and >150,000 initial knee arthroplasties [4] were conducted in 2020,
making THA and TKA among the most common surgeries. Process optimization can
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improve outcomes after surgery [5] and due to the large number, even small clinical and
economic improvements can add up to very relevant factors. A prerequisite for implement-
ing an optimized treatment pathway on a broad scale is that it must be independent of
specific conditions. To this end, it must be equally feasible in very different settings. This
question has not yet been sufficiently investigated to the best of the authors’ knowledge.
Therefore, the PROMISE multicenter trial [6] was designed to develop and prove a complex
cross-sectoral optimized protocol for THA and TKA that meets this requirement.

In Germany, the possibility of rehabilitation (usually a 3-week program [7]) following
THA and TKA is set out in law (§ 40 Sozialgesetzbuch). However, this takes place in
separate rehabilitation facilities, which carries the risk of insufficient coordination, a lack
of common therapeutic goals, incomplete information flow, and separate data collection.
To avoid this risk, the PROMISE Trial aimed at cross-sectoral care, implemented jointly by
hospitals and rehabilitation facilities.

In this paper, we present whether the process was successfully established equally
in hospitals offering different levels of care at various locations in Germany and how the
integration of various rehabilitation facilities and the cross-sectoral collaboration succeeded.

2. Methods
2.1. Study Design

In order to prove the requirement of transferability, three hospitals offering different
levels of care, a regional hospital (RH), an orthopedic specialist hospital (OH), and a tertiary
referral university hospital (UH), including all required clinical departments, and five
rehabilitation facilities (one inpatient and four outpatient) were involved in the trial. The
facilities were located in three different parts of Germany (Rhineland-Palatinate, Baden-
Wuerttemberg, and Hesse) (see Figure 1).
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Starting in March 2017, an interdisciplinary panel, including experts from all profes-
sions and facilities involved, defined a common optimized standard of care. Subsequently,
the protocol was established and consolidated in the different facilities equally.

At its core, the optimized PROMISE process consists of evidence-based interventions
that are also recommended by the Enhanced Recovery After Surgery (ERAS) Society for
the treatment of TKA and THA [8,9]. Only preoperative optimization advice of smok-
ing cessation for 4 weeks or more prior to surgery and alcohol cessation programs for
alcohol abusers were not part of the PROMISE Trial. These two components could not
be subsequently included in the study protocol, as patient inclusion was already well
under way at the time the recommendations were published. The ERAS recommendations
on preoperative fasting, standard anesthetic protocol, perioperative oral analgesia, main-
taining normothermia, antithrombotic prophylaxis treatment, perioperative fluid manage-
ment, postoperative nutritional care, criteria-based discharge and continuous improvement
and audit are already firmly established standards and have been set as SOPs without
alternatives. Compliance with these recommendations was therefore not recorded in
detail during the trial.

The ERAS recommended measures are accompanied by interventions that support the
process (patient specifies a specific activity/participation goal; patient has a coach, a per-
sonal confidant, who accompanies him through the process; patient management and social
services incorporated are in the process) and that reduce barriers to mobility (no urinary
catheter, no pneumatic tourniquet [TKA], no drains). In order to reduce the possible risks
of poor results, screening was performed to identify seniors at risk (ISAR screening [10])
and psychosomatic risk (Patient Health Questionnaire-4 [11]). To bridge the gap between
hospitals and rehabilitation centers, a common central database was established under
the rules of the German Federal Data Protection Act (Bundesdatenschutzgesetz). Here,
all patient-related study data were available electronically. Some of the data were entered
directly into the system, some were recorded paper-based and transferred, and some were
automatically imported from other databases.

For process evaluation in the different hospitals, data were collected on adherence
to the defined process by 19 parameters (see Tables 2 and 3 and [6]). The extent of cross-
sectoral collaboration between hospitals and rehabilitation centers was measured by how
many patients started their rehabilitation program in one of the participating rehabilitation
centers and how often the common database was used.

Preconditions for inclusion were that the patient suffering from osteoarthritis met
standardized criteria for elective THA or TKA [12] and that they were able to understand
the nature and extent of the study.

Exclusion criteria were: life expectancy less than 1 year (e.g., advanced cancer), any
conditions that might preclude elective surgical intervention, and medical or psychological
factors that would prevent them from participating or providing written informed consent.

The PROMISE Trial is described in detail in the study protocol [6]. The protocol was
approved by the ethics committees of Rhineland-Palatinate [837.533.17 (11367)], Baden-
Wuerttemberg [B-F-2018-042], and Hesse [MC 84/2018] and registered within the German
Clinical Trials Register (DRKS00013972). The trial was supported by a grant from the
German Federal Joint Committee (01NVF16015).

2.2. Statistical Methods

For presentation of the study population at baseline, descriptive statistics (mean,
median, and percentages) were used. For the evaluation of the feasibility, descriptive
statistics of the 19 parameters were performed; presented are the percentages for confirmed
and missing cases. Percentages for non-confirmed cases can been calculated as 100% minus
confirmed and missing cases.
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3. Results
3.1. Study Subjects

After implementation of the process, 1887 patients indicated for joint replacement due
to arthritis of the hip or knee were enrolled between May 2018 and March 2020: in RH,
n = 441 (23.4%); in OH, n = 916 (48.5%); and in UH n = 530 (28%) patients; 951 (50.4%) with
THA and 922 (49.4%) with TKA.

Patients were 67 years old on average (range 23–93 years, standard deviation [SD]
10.1); 837 (44%) patients were male and 1050 (56%) female. The BMI on average was
29.3 (SD 5.7) and the ASA score was on average 2.2 (SD 0.6) across all centers; this was
approximately the same for both TKA and THA patients in each of the hospitals. In RH, the
ASA average was 2.2, in OH it was 2.1, and in UH 2.5. The median was 2 in all hospitals
for both patient categories, except for THA patients from UH (ASA 3).

Fourteen comorbidities were recorded: heart disease, hypertension, stroke, leg pain
on walking due to poor circulation, lung disease, diabetes, kidney disease, nervous system
disease (e.g., Parkinson’s disease, multiple sclerosis), liver disease, cancer within the past
5 years, depression, spinal disease, rheumatoid arthritis, and anemia. Overall, 1472 (78%)
patients reported suffering from at least one comorbidity; on average, they suffered from
1.6 comorbidities (median 1). In RH the average was 2.0 comorbidities (median 2), in OH
1.3 (median 1), and in UH 1.9 (median 2). Patient characteristics are shown in Table 1.

Table 1. Patient characteristics.

Total (n = 1887) THA (n = 951
[50.4])

TKA (n = 933
[49.4])

Missing n (%) n (%) n (%)
Sex - - -

male 837 (44.4%) 419 (44.1%) 416 (44.6%)
female 1050 (55.6%) 532 (55.9%) 517 (55.3%)

Joint * - - -
hip left 497 (26.3%) 497 (52.3%) -
hip right 485 (25.7%) 482 (50.7%) -
knee left 491 (26.0%) - 490 (52.5)
knee right 506 (26.8%) - 504 (54.0%)

Comorbidities - - -
at least one

comorbidity 1472 (78.0%) 726 (76.3%) 744 (79.7%)

mean (SD) mean (SD)) mean (SD)
number of

comorbidities 1.6 (1.4) 1.6 (1.4) 1.7 (1.4)

ASA 77 2.2 (0.6) 2.2 (0.6) 2.3 (0.6)
Age 52 66.6 (10.1) 66.1 (10.6) 67.1 (9.6)
BMI 73 29.3 (5.7) 28.3 (5.5) 30.2 (5.8)

* The number of participating patients and implanted joints differ, as in some cases several joints were replaced at
the same time.

3.2. ERAS Recommendations

Adherence to the ERAS recommendations in the three different hospitals and overall
recorded in our trial is shown in Table 2, by confirmed parameter data. The data show
an implementation rate of >80% and missing data of <5% for almost all parameters at all
centers. For the parameters ‘Participation in educational program’ (OH, 65.2%), ‘Anemia
investigated’ (OH, 6.9%; UH, 77.5%) and ‘Anemia corrected preoperatively’ (UH, 60%),
the confirmation was <80%. For the parameter ‘Anemia investigated’, a blood draw
was defined in the data collection. In OH, a bloodless hemoglobin determination was
performed before the blood draw. Only patients whose bloodless measurement shows a
Hb < 13 gm/dL received a blood draw for anemia diagnostics there.
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Table 2. Overview of adherence to ERAS recommendations by parameters screened, both overall
and in the various hospitals (missing values in brackets). Implementation rates less than 80% and
missing data over 5% are highlighted in gray.
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ERAS
Recommendation Screened Parameter Total (Missing) RH

(Missing)
OH

(Missing)
UH

(Missing)

Preoperative
information

Patient participated
in education

program
76.1% (4.5%) 80.5% (1.6%) 65.2% (8.4%) 91.6% (0%)

Preoperative
optimization

Anemia investigated
(blood sampling) * 48.4% * (0.2%) 99.8% (0%) 6.9% * (0.2%) 77.5% (0.2%)

- Anemia corrected
preoperatively ** 69.0% (1.4%) 100.0% (0%) 90.0% (0%) 60% (2.0%)

Use of local anesthetics
for infiltration

analgesia (LIA) and
nerve blocks

LIA used (knee
replacement) 96.0% (2.9%) 97.5% (1.2%) 94.9% *** (4.7%) 97.4% (1.0%)

- No nerve block
techniques used 96.5% (3.3%) 96.0% (4.0%) 95.8% *** (4.1%) 98.3% (0.8%)

Postoperative nausea
and vomiting

PONV prophylaxis
(Cortison used) 94.0% (3.1%) 95.5% (4.0%) 92.6% (4.0%) 95.2% (0.6%)

Prevention of
perioperative

blood loss

Tranexamic
acid used 89.7% (3.0%) 92.5% (4.0%) 88.0% (3.9%) 90.5% (0.6%)

Antimicrobial
prophylaxis

Systemic
antimicrobial

prophylaxis used
98.2% (0.5%) 97.3% (0.5%) 99.6% (0.3%) 96.4 (1.0%)

Early mobilization Mobilization on day
of surgery 85.4% (4.5%) 87.6% (1.6%) 86.6% (8.1%) 81.5% (0.4%)

* In OH, process adapted due to use of bloodless hemoglobin determination (see text). ** Valid for the subgroup
of anemic patients (on the basis of the blood draw). *** Values checked and corrected after completion of
documentation.
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For the parameters ‘Participation in educational program’ (OH) and ‘Mobilization on
day of surgery’ (OH) missings were >5%.

3.3. Additional PROMISE Criteria

For adherence to additional criteria overall and in the three different hospitals, see
Table 3. These data also show implementation rates of >80% and missing data of <5%
for almost all parameters at all centers. For the parameters ‘Patient has a coach’ (UH,
64.5%) and ‘No pneumatic tourniquet (TKA)’ (OH, 33.3%) the confirmation was <80%. In
OH, 63% of knee arthroplasties were unicompartimental. Here, the tourniquet is used,
since the operation takes place on the hanging leg and thus the overview is disturbed
without tourniquet.

Table 3. Overview of adherence to additional criteria overall and in the various hospitals. Implemen-
tation rates of less than 80% and missing data over 5% are highlighted in gray.
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For the parameters ‘LIA used (THA)’ (RH), ‘No pneumatic tourniquet (TKA)’ (OH),
‘ISAR screening performed’ (UH) and ‘PHQ-4 screening performed’ (OH) the missings
were >5%.

3.4. Participation in a Rehabilitation Program

Overall, 96.8% of patients participated for a mean of 23.1 days in a rehabilitation
program. The results for the different hospitals varied between 92.8% and 98.5%. The
remaining patients were transferred home (n = 34; 1.85%), to other specialized departments
(n = 5; 0.3%) or to a nursing home (n = 3, 0.2%) without a rehabilitation program. Most
patients participated in an inpatient rehabilitation program: 62.8–83.8% depending on the
hospital. Of these patients, 31.9% were discharged home before the inpatient rehabilitation
program, 68.1% were transferred directly from the hospital to the rehabilitation facility. In
total, 29.8% of patients ran their rehabilitation program in a facility that was a collaborating
partner of the PROMISE project. The data for the different hospitals to the different
programs (inpatient and outpatient) in a PROMISE-cooperating partner institution differed
markedly (0–50.2%; Table 4).

Table 4. Overview of participation in a rehabilitation program overall and in the various hospitals.
The data are differentiated according to outpatient/inpatient program and PROMISE cooperation
partner/no PROMISE cooperation partner.

- - - Total RH OH UH

Participation in a
rehabilitation

program
- - 96.8% 92.8% 98.5% 97.1%
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3.5. Use of Common Database

The hospitals added a total of 766,000 items and the rehabilitation facilities added
another 48,000 to the common database. Both resulted in a comprehensive data set for
each patient, which, beside the purpose of study evaluation, was available to the partners
involved for project management, evaluation, and cross-sectoral communication purposes.
The extent to which this information was used to optimize treatment could not be evaluated,
since only the entry of data, but not its use, was documented.

4. Discussion

The UK Department of Health implemented an ERAS Partnership Programme [13]
2009–2011 to optimize treatment in THA and TKA. The report describes some positive ef-
fects, especially on LOS and patient experience. However, information about the program’s
characteristics and statements on feasibility in different settings are missing [13]. This is
a known problem in other large registry studies as well [14–16]. This is not negligible, as
the degree of implementation of a program influences the results [5]. An optimized care
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process will only be effective for a health system if it can be transferred to different regions
and service providers. Therefore, the funding announcement from the German Federal
Joint Committee explicitly called for the transferability of the funded processes. To the
best of the authors’ knowledge, there is no publication to date that focuses on this issue
for THA or TKA. In order to close this gap, the PROMISE Trial was conducted in three
hospitals offering different levels of care and facilities in three different German regions.
The subgroups in the different hospitals varied in size, but even the smallest group can
be considered representative. The mean age, BMI and sex distribution were typical for
a TKA/THA patient group [3,4]. Furthermore, the amount of registered comorbidities
and results for ASA score are indicators that there was no preselection of particularly
healthy patients, but that typical, perhaps even overall rather less healthy, persons were
treated. With the PROMISE process already developed and implemented, the ERAS So-
ciety published its Consensus Statement on the Treatment of TKA and THA [8,9]. This
contains the most evidence-based recommendations that also form the basic framework of
the PROMISE process. The study can therefore also be seen as an evaluation of the ERAS
recommendations in the German health care system. The PROMISE project verified imple-
mentation for 7/17 ERAS recommendations and the others are already firmly established
standards without alternative in the included institutions. It should be noted, however,
that in the PROMISE process the ERAS recommendations were expanded with further
defined measures designed to reduce stress and expand activity. Overall, this has resulted
in a particularly complex treatment process, which makes the task of implementation in
different settings equally not self-evident.

In the scientific literature, references can be found for different patient groups demon-
strating positive effects depending on 67–75% adherence to the ERAS protocol [5,17–19].
With this in mind, the adherence achieved in the PROMISE project for almost every single
parameter, despite the completely different organizational circumstances at the various loca-
tions, were predominantly very high. Only two parameters (Anemia investigated, OH; No
pneumatic tourniquet (TKA), OH) were implemented on a low level. However, this does
not reflect reduced adherence to the PROMISE process. Instead, the process was sensibly
adapted to local conditions (see results). The adaptation, however, cannot be represented
by the choice of parameters. RH had implementation rates of >80% for all 19 parameters
screened, OH and UH had three parameters with implementation rates of <80% (OH two
because of process adaptation). Perhaps this demonstrates that the implementation of new,
interdisciplinary processes is more complicated and error-prone in more complex facilities
than in smaller ones. However, even in the most complex institution, the implementation
was convincingly realized. An influence on feasibility due to the localization of the facilities
in different German states is not apparent. All results indicate that the PROMISE process is
feasible in very different settings and therefore transferability is given.

In the opinion of Henrik Kehlet ‘ . . . more focus should be made on the different
barriers to post-discharge functional recovery and the choice of (pre- and postoperative)
rehabilitation’ [20]. This need is met by the fact that in Germany all patients capable of re-
habilitation are entitled to participate in a rehabilitation program (§ 40 Sozialgesetzbuch V).
This internationally specific situation was used as an opportunity for integration of rehabili-
tation into the optimized process. Since rehabilitation does not take place in hospitals but in
special facilities, cooperation had to take place across the care sectors. This corresponds to a
well-known demand for further development in the healthcare system [21]. In fact, the vast
majority of all study participants participated in a rehabilitation program. However, since
the German funding agencies decide on the facility in which the rehabilitation is carried out,
only an unexpected small portion of the participants were treated in cooperative facilities.
Thus, structural barriers have meant that the cross-sectoral integration of rehabilitation
targeted in the PROMISE trial could only be partially achieved. Only when these obstacles
are overcome can the integration of the rehabilitation sector be satisfactorily implemented
and further evaluated. The willingness to cooperate across the sectors was high. This is
also evident from extensive data that both hospitals and rehabilitation facilities entered
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into the common database. The fact that the proportion of rehabilitation facilities was
smaller is due to the smaller number of participants there and the much smaller number
of parameters to be entered. The extent to which the available information was used for
optimizing therapy cannot be evaluated, since only the entry of data, but not its viewing
or use, was documented. In practice, it could be that a common database is used more
intensively for therapy, so long as the data set is concentrated on necessary information
and is not overextended for study reasons.

As a further limitation of the study, it must be noted that, in terms of content, all
cooperation partners were already convinced of the sense of process optimization before
the study and were thus unusually committed to implementing the agreed key points
of the process. In addition, they had a role in defining the program, so that it was also
“their” program. Whether the implementation under standard conditions also succeeds
comparably cannot be proven with it. Strictly, whether a program is feasible is not only
decided by the implementation rate of cornerstones, but also by the clinical success. These
results will be described with a 1-year follow-up in a subsequent publication.

A strength of this study is that it focuses on feasibility in a wide variety of settings for
transferability of an optimized treatment program, an aspect that has been understudied. In
addition, the study is prospective, multicentric, externally evaluated, very well documented,
and was able to include a relevant number of participants. It takes into account that THA
and TKA are done in very different settings in Germany.

5. Conclusions

In the PROMISE Trial, a complex newly defined optimized protocol for unselected
patients receiving hip and knee endoprostheses is feasible in hospitals offering different
levels of care and with different outpatient and inpatient rehabilitation facilities, in various
German states, so that transferability to other centers and regions can be assumed. However,
the cross-sectoral cooperation between hospitals and rehabilitation facilities intended in
the project was only partially successful. Structural obstacles must be overcome here.
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