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The PROMISE study protocol: a multicenter prospective study of 
process optimization with interdisciplinary and cross-sectoral care 
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regarding the surgery and complications. Guideline-based 
interviews are conducted with selected patients and care 
partners. The primary endpoint is the presence of chronic 
pain at 12 months after surgery. Secondary endpoints are 
the number of recognized pre-existing conditions, physical 
activity at 12 months after surgery, use of medical services, 
quality of life, and interactions between care partners.

Trial registration — The trial is registered with the 
German Clinical Trials Register (https://www.drks.de; 
DRKS00013972; March 23, 2018).

With demographic changes joint replacement is becoming 
one of the most frequently performed surgeries. In Germany, 
approximately 175,000 total hip arthroplasties (THA) (IQTIG 
2018a) and 148,000 total knee arthroplasties (TKA) (IQTIG 
2018b) are performed each year. 

These replacement procedures are associated with various 
risks and complications, including infection and thrombosis, 
as well as a considerable financial burden. Moreover, 7% to 

Background and purpose — Knee and hip replacement 
are common and increasing procedures, and an optimized 
care process that could be implemented in different settings 
would be useful. The PROMISE trial investigates whether a 
new care process works equally in different German settings 
and how the results compare with current non-standardized 
care.

Patients and methods — This multi-center prospective 
mixed-method study includes 2,000 German patients receiv-
ing arthritis-related hip or knee endoprostheses. An interdis-
ciplinary and cross-sectoral care process was developed and 
implemented in 3 German hospitals with different levels of 
care, and corresponding rehabilitation centers were included 
to bridge the gap after acute care.

Duration and outcome — The PROMISE trial recruited 
patients between May 2018 and March 2020. Follow-up will 
end in February 2021. Assessments are performed at: exami-
nation on clinical indication, 1 week before surgery, on the 
day of surgery, at the end of hospitalization, end of the reha-
bilitation program, and 3 months, 6 months, and 12 months 
after surgery. Outcomes include patient-reported outcomes, 
medical examination findings, and routinely collected data 
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23% of patients with THA and 10% to 34% of patients with 
TKA report an unfavorable long-term outcome (Beswick et al. 
2012). Due to the high number of these interventions, clinical, 
patient-centered, and economic results might be improved by 
even minor advancements in the treatment process. In Ger-
many no generally applicable evidence-based treatment stan-
dard has yet been developed. Thus, the current care system 
does not achieve its full potential, including the cost–benefit 
ratio.

The PROMISE trial aims to improve the care process in 
Germany based on the principles of the Enhanced Recovery 
after Surgery Society (ERAS). An ERAS path is defined to 
optimally prepare the patient for an intervention with mini-
mized stress and stress reactions, maintained homeostasis, 
and avoiding catabolism that leads to loss of protein, muscle 
strength, and cellular dysfunction (Ljungqvist 2012). The 
ERAS approach has been applied to numerous elective pro-
cedures and provides approximately 30–50% reductions in 
the complication rate and length of stay (Ljungqvist et al. 
2017). Because of a call for certified intersectoral centers to 
improve the quality of care (IGES Institut 2016), the PROM-
ISE study involves 3 hospitals with different levels of care, 
including all required departments, as well as 5 inpatient and 
outpatient rehabilitation centers. Standard operating proce-
dures defined by an interdisciplinary panel, and a central 
database for continuous evaluations, audits, and improve-
ments (Ljungqvist et al. 2017) aim to minimize loss of 
potential effectiveness due to insufficient coordination, lack 
of common therapeutic goals, incomplete information flow, 
and separate data collection.

Patients and methods
Study design
The PROMISE trial is a prospective multi-center mixed-
method study, including patients with an indication to undergo 
surgery (THA or TKA) at 3 German hospitals (a regional 
hospital, an orthopedic-specialized hospital, and a tertiary 
referral university hospital). The PROMISE process involves 
standardized indication criteria for intervention (Schmitt et 
al. 2017), preoperative screening for psychological (Gylvin 
et al. 2016) and geriatric risk factors (Gronewold et al. 2017), 
blood management (Vaglio et al. 2016), preoperative patient 
education (Edwards et al. 2017), no preoperative fasting 
(Smith et al. 2011), postoperative nausea and vomiting pro-
phylaxis (De Oliveira et al. 2013), maximum soft-tissue-spar-
ing techniques (Ljungqvist et al. 2017), intraoperative bleed-
ing and swelling management (Guler et al. 2016, Nielsen et 
al. 2016), avoidance of suction drainage (Kelly et al. 2014), 
bladder catheters (Huang et al. 2015), and intravenous cath-
eters (Sharma et al. 2010), local infiltration analgesia (Yun et 
al. 2015), multimodal oral pain therapy (Khan et al. 2014), 
starting rehabilitation on the day of surgery (Okamoto et al. 

2016), functional discharge criteria (Hansen 2017), and inten-
sified rehabilitation (DRV 2016). All patients are followed for 
up to 12 months after surgery. Data are collected by medical 
staff at the time of examination on indication, during patient 
education, at surgery, at hospital discharge, at the end of reha-
bilitation, and at 12 months after surgery. Patient-reported 
outcome measurements are obtained before surgery, at hospi-
tal discharge, and at 3 months, 6 months, and 12 months after 
surgery. Regarding secondary endpoints, a control group will 
be used consisting of patients from a German health insurance 
database. Patients will be matched according to age, sex, and 
diagnosis. To limit the number of survey-based instruments 
and patient burden, we conducted guideline-based interviews 
with 10 randomly selected patients to identify aspects that 
are difficult to capture using a quantitative approach. Inter-
views have been also conducted with different care partners 
(e.g., physicians and physiotherapists) to identify and address 
potential burdens. 

Study subjects and eligibility criteria 
Patients indicated for joint replacement due to arthritis of the 
hip or knee are eligible for study participation. Patients are 
enrolled if they have met standardized criteria for surgery 
(Schmitt et al. 2017) and if they are able to understand the 
nature and extent of the study.

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

Patient withdrawal 
Patients can withdraw their consent without giving reasons at 
any time during the trial without disadvantage. No additional 
data will be collected after that point, although any existing 
data will remain in the study database. Patients who withdraw 
are not replaced.

Intervention 
The optimized PROMISE care process consists of interrelated 
measures (Figure 1). The ERAS Society guidelines (Wain-
wright et al. 2019) are evidence-based, although we comple-
ment those guidelines with non-evidence-based measures 
to avoid unnecessarily restricting the process optimization. 
These non-evidence-based measures are derived from a basic 
understanding of process optimization to avoid stress and pro-
mote activity.

Indication for surgery
The indication for surgery requires appropriate radiological 
findings, intolerable pain or suffering, restriction of activ-
ity, and exhaustion of nonoperative options (Schmitt et al. 
2017). The patients define their activity or participation goals 
throughout the process.
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Preoperative screening for concomitant previous 
conditions
Anemia is identified using the laboratory values for hemo-
globin, ferritin, transferrin saturation, blood cell counts, red 
blood cell morphology, glutamic pyruvic transaminase, glu-
tamic oxaloacetic transaminase, bilirubin, C-reactive protein, 
and reticulocytes. If necessary, iron is administered (orally or 
intravenously). Screening is performed to identify seniors at 
risk (ISAR screening) and psychosomatic risk (Patient Health 
Questionnaire-4 [PHQ-4], Oslo Social Support Scale [OSSS], 
Somatic Symptom Disorder [SSD], Life-Orientation-Tests 
[LOT-R]). Preoperative screening for thrombosis and bleeding 
risk is based on previous deep vein thrombosis or pulmonary 
embolism, known coagulation disorder/thrombophilia, venous 
thromboembolism in immediate relatives, previous severe 
bleeding, cancer within the last 5 years, and varicose veins. 
Specialized co-care is permitted if required. 

Patient education
Patients are educated preoperatively by all involved profes-
sional groups. This process also involves discussing the 

patien’s tasks and co-responsibilities. Patients are also moti-
vated to find a personal coach who supports the patient’s 
active role in the care process.

Additional preparations
Preoperative preparations include providing the patient with 
crutches and guidance regarding walking, using stairs, as well 
as instructions regarding preoperative fitness training. Patients 
also receive counseling regarding the rehabilitation options 
and programs (outpatient or inpatient). 

Immediately before surgery
Medication for anxiolysis is avoided if possible. A light meal 
can be consumed up to 6 hours, and small amounts of clear 
liquids can be drunk up to 2 hours before anesthesia induction. 
Etoricoxib (90 mg) is administered 90 minutes and antibiotic 
(cefazolin 2 g i.v.) 30 minutes before the skin incision, fol-
lowed by 1 g of tranexamic acid to reduce blood loss.

During surgery
General anesthesia and spinal anesthesia can be used. A single 
intraoperative steroid injection (e.g., 20 mg of dexamethasone 
or 125 mg of methylprednisolone) is used to attenuate the sur-
gical stress response, improve analgesia, and reduce postop-
erative nausea and vomiting. The surgical technique aims to 
minimize trauma using the smallest possible incisions and nat-
ural muscle gaps. To prevent dislocation, the implanted THA 
must tolerate at least 30° internal rotation at 90° flexion and 
at least 70° external rotation in 0° extension. Local infiltration 
analgesia involves administration of ropivacaine (0.2%, 150 
mL) with adrenaline (0.5mg/150mL) and an additional 50 mL 
of plain ropivacaine (0.2%) subcutaneously. Use of suction 
drainage and bladder/intravenous catheters is avoided when-
ever possible. 

Rehabilitation
There are generally no restrictions regarding load bearing and 
range of motion. The patient begins independently leaving 
their bed and walking with crutches on the day of surgery, 
with support from the nursing staff or physiotherapist as nec-
essary to achieve independent basic functions (changing posi-
tion, personal hygiene, dressing and undressing, and eating at 
a table). Thromboprophylaxis is performed using low molecu-
lar weight heparins in weight- and risk-adapted dosage start-
ing on the first postoperative day. In compliance with national 
guidelines thromboprophylaxis is continued for 35 (THA) 
or 14 (TKA) days postoperatively. Opioid use is minimized, 
and basic medication is used during days 3–8 (etoricoxib at 
90 mg orally in the morning and metamizole 4 x 1 g). After 
day 8, the only medication is etoricoxib (90 mg orally in the 
morning). The patient is discharged to home or a rehabilita-
tion facility when the wound is dry, pain is tolerable, and they 
can independently perform basic functions (change position, 
personal hygiene, dressing and undressing, walking > 150 m, 

RESPONSIBILITY WORKFLOW

Surgical outpatient
department

Surgeon

Surgeon

Surgeon

Surgeon

Surgeon

Surgeon,
anesthetist,

functional service

Anesthetist

Consultants

Patient
management

Interdisciplinary
team

Interdisciplinary
team

Interdisciplinary
team

Interdisciplinary
team

Rehabilitation team

Interdisciplinary
team

Radiologist

Contact by the patient / referring physician

Medical history and clinical examination

Diagnostic imaging if necessary

Indication for surgery

Patient school

Additional preparations

Prosthesis planning

Information on surgery

Information on anesthesia

Postoperative treatment and rehabilitation

Discharge from hospital

Rehabilitation centre

12 months follow-up

Preparation for surgery
(visit, clinical examination, surgical marking)

Just before, during and directly after surgery
(induction of anesthesia, patient positioning,

intervention, postoperative monitoring)

Schedule, blood collection, MRSA screening

Preoperative risk screening; 
co-care by specialist if required

Figure 1. Schematic representation of the treatment process. PROM-
ISE-specific procedures are shown in the red boxes. MRSA: methicillin-
resistant Staphylococcus aureus.



Acta Orthopaedica 2021; 92 (2): 156–162 159

and climb 10 steps). Patients who are discharged home also 
complete rehabilitation programs that comply with the reha-
bilitation therapy standards of the German Pension Insurance 
(DRV 2016).

Endpoints 
Primary endpoint
The primary endpoint is presence of chronic pain at 12 months 
after surgery, evaluated with the pain subscore from the West-
ern Ontario and McMaster Universities Osteoarthritis Index 
(WOMAC). Approximately 9% of patients report pain at 12 
months after surgery (Beswick et al. 2012) and the evalua-
tion is planned using a 2-sided binomial test. The WOMAC is 
calculated using the hip osteoarthritis outcome score (HOOS) 
(Klässbo et al. 2003) or the knee osteoarthritis outcome score 
(KOOS) (Roos et al. 2003).

Secondary endpoints
The secondary endpoints are number of recognized pre-
existing conditions (as proxy we use pre-existing anemia) at 
baseline, physical activity at 12 months after surgery, use of 
medical services during the 12 months after surgery, quality 
of life at 12 months after surgery, and interactions between 
care partners during the 12 months after surgery. Physical 
activity is evaluated using the HOOS/KOOS subscore HOOS-
PS/KOOS-PS (physical function short form) for THA/TKA 
cases, with data collected before the surgery and at 3 months, 
6 months, and 12 months after the operation. Quality of life 
at 12 months after surgery is assessed using patient-reported 
scores from the EQ-5D-5L (Conner-Spady et al. 2015) and the 
EQ-5D visual analogue scale (VAS) on a 0–100 numeric scale. 
This data is also collected before surgery and at 3 months, 6 
months, and 12 months after surgery. 

Type and frequency of use of medical service during the 12 
months after surgery is evaluated using a questionnaire. The 
results will be compared with results from a control group of 
patients from a German health insurance database who are 
matched according to age, sex, and diagnosis/treatment his-
tory. Statistical power for those analyses will be improved by 
matching 1 PROMISE participant to 4 control individuals. 
Cost analyses will also be performed to compare the PROM-
ISE and control groups, to identify potential savings. Interac-
tions between care partners during the first 12 months after 
surgery are also considered to determine whether a stable pla-
teau is reached in the number of intersectoral interactions for 
each patient. The interviews will be evaluated according to 
the qualitative content analysis described by Mayring (2000).

Data collection 
Data is collected using an electronic case report form, and 
the data types, collection processes, and entry processes were 
jointly developed by the PROMISE group to ensure all par-
ticipating institutions and functional areas are working to the 
same standard. 

Data is recorded and stored pseudonymized in a central 
electronic database at a specialized interdisciplinary center. 
During the trial, the investigators and trial site staff receive 
system documentation, training, and support for the use of the 
database. Time-point specific questionnaires and forms are 
completed by the patient, or the attending physician/physio-
therapist, or both. 

Data collection points (Table) are:
1. baseline visit,
2. 1 week before surgery,
3. day of surgery,
4. hospital discharge,
5. rehabilitation center discharge, 
6.  3 months (±2 weeks) after hospital discharge, 
7.  6 months (±2 weeks) after hospital discharge, 
8.  12 months (±2 weeks) after hospital discharge, 
9.  and 12 months (±4 weeks) after hospitalization (clinical 

follow-up).
Baseline data includes age, sex, comorbidities, initial diag-

nosis according to International Classification of Diseases 
(version 10), and socioeconomic data. The other collected 
data includes: 
• hip disability (HOOS), 
• knee disability (KOOS), 
• patient health quality (PHQ-4/SSD), 
• quality of life (EQ-5D-5L), 
• social support (Oslo Social Support Scale [OSSS]), 
• personal expectations (Hospital for Special Surgery [HSS] 

score),
• rehabilitation success (Staffelstein score), 
• and optimism/pessimism (Life Orientation Test-Revised 

[LOT-R]). 

Data quality assurance 
On-site qualified study nurses ensure that all personnel under-
stand the trial and follow its protocol, including adhering to the 
standardized surgery and postoperative procedures. Surgeries are 
performed at centers that are qualified for the Enhanced Recov-
ery process. A steering committee supervises the trial progress 
and provides guidance to all participating treatment groups.

Furthermore, the electronic database includes an interface 
to import quality-assured data that is sent by the participating 
hospitals to the Institute for Quality and Patient Safety. 

Estimated sample size and power
The estimated sample size is based on the primary endpoint 
(chronic pain at 12 months), which will be evaluated using 
a 2-sided binomial test. A previous report has indicated that 
approximately 9% of patients report chronic pain after 1 year 
(Beswick et al. 2012). Thus, 1,900 patients are required to 
detect a 20% reduction (i.e., from 9% to 7.2%) based on an 
α level of 5% and power of 80%. Assuming 5% of patients 
will be lost to follow-up, the target sample size is 2,000 par-
ticipants. This sample size also provides power of > 80% for 
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analyzing the 2 confirmatory secondary endpoints (number of 
anemia cases and physical activity after 1 year; values selected  
from the literature), which will be analyzed only if a signifi-
cant improvement is observed in the primary endpoint.

The secondary analyses are based on non-inferiority tests 
and previously reported values. The number of anemia 
cases will be tested to determine whether it is ≤ 2% below 
the expected reference value of 15.5% for Central Europe 
(McLean et al. 2009). Physical activity will be tested using 
the HOOS-PS/KOOS-PS to determine whether the patients 
achieve at least the minimum clinically important improve-

ment (23 points) (Paulsen et al. 2014). To comply with the 
α-error, confirmatory testing for these 2 secondary endpoints 
will be performed only if statistically significant improvement 
is observed for the primary endpoint. To evaluate the achieve-
ment of a plateau in the number of interactions between care 
partners, the implementation period is divided into 3 intervals. 
The number of interactions in intervals II and III will be tested 
for equality. The criterion for equality will be based on the 
difference between the 1st and 2nd intervals. Poisson models 
will be used to compare the numbers of healthcare interactions 
between PROMISE participants and the control group, with 
sub-analyses according to different cost categories (e.g., hos-
pital stays vs. general practitioner visits). Factors that poten-
tially influence healthcare utilization, interactions, and quality 
of life will be evaluated using hierarchical regression models 
with care partners considered as clusters.

Ethics, registration, funding, conflicts of interests, 
and result presentation
The trial is conducted in accordance with the latest versions 
of the Declaration of Helsinki, Good Epidemiological Prac-
tice, and local regulatory requirements, including the German 
Federal Data Protection Act (Bundesdatenschutzgesetz). The 
protocol was approved by the ethics committees of Rhine-
land-Palatinate [837.533.17 (11367)], Baden-Wuerttemberg 
[B-F-2018-042], and Hessen [MC 84/2018]. The proto-
col is registered with the German Clinical Trials Register 
(DRKS00013972). Written informed consent is obtained from 
all patients before enrolment.

The trial is supported by a grant from the Federal Joint 
Committee (01NVF16015). None of the authors declare any 
conflicts of interest. Results will be presented at congresses 
and published in a peer-reviewed medical journal according 
to the guidelines of the International Committee of Medical 
Journal Editors.

Study start and duration 
The 1st patient was recruited in May 2018, the last patient was 
recruited in March 2020, and follow-up will end in February 
2021.

Discussion 

Evidence-based optimized perioperative processes have 
already been described for hip and knee replacements (Ibra-
him et al. 2013, Sprowson et al. 2013). These programs can 
reduce the length of stay to 1–3 days (Kehlet 2013, Khan et al. 
2014) without an increased risk of complications or readmis-
sion (Glassou et al. 2014), and have also reduced the 2-year 
mortality rate from 3.8% to 2.7% (Savaridas et al. 2013). 
However, most studies regarding process optimization for hip 
and knee replacement were performed in Scandinavia, the 
UK, and North America, which complicates generalizations to 

Data collection, time-points, and instruments

Item/score A B C D E F G

Basic information X     
Comorbidities a X     
Staffelstein X   X X  X
Indication X      
ASA  X     
Preop. anemia assessment  X    
HOOS/KOOS a X     X 
EQ-5D 5L a X   X X X 
PHQ-4/SSD a X X  X X X 
OSSS, LOT-R a X      
HSS or INDICATE knee (preop) a X     
HSS or INDICATE knee (postop) a      X 
ISAR a  X     
Timed up & go and VAS/NRS  X  X X  X
Socioeconomic data a X     X b 
Cost book a    X  X 
Functional goal a      X 
Surgery   X    
Implant details   X    
Functional milestones and discharge     X   
Complications    X   
Rehabilitation     X  
Thrombosis/
bleeding    X X  
Follow-up a       X b 
Clinical follow-up       X

A. Indication, 8 weeks preoperatively
B. Preoperative assessment, 1 week preoperatively
C. Operation
D. Hospital stay
E. End of rehabilitation
F. Follow-up at 3, 6, and 12 months postoperatively
G. Clinical follow-up at 12 months postoperatively
a Patient-reported outcome.
b Only at the 12-month follow-up 
ASA: American Society of Anesthesiologists score, 
HOOS: Hip disability and Osteoarthritis Outcome Score, 
KOOS: Knee injury and Osteoarthritis Outcome Score, 
EQ-5D 5L: EuroQol Group 5-level EQ-5D version, 
PHQ-4: Patient Health Questionnaire-4, 
SSD: somatic symptom disorders, 
OSSS: Online Social Support Scale, 
LOT-R: Life Orientation Test-Revised, 
HSS: Hospital for Special Surgery, 
ISAR: International Society of Arthroplasty Registries, 
VAS: visual analogue scale, 
NRS: numerical rating scale.
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other countries with different healthcare systems. For exam-
ple, Germany has more hospital beds per capita that Denmark 
(8 vs. 2.6 beds/1,000 population) (OECD 2017), the hospital 
reimbursement system is based on diagnosis-related groups, 
and insured individuals have a legal right to complete a reha-
bilitation program. Moreover, the median length of stay is 10 
days in Germany (IQTIG 2018a, 2018b), versus only 2 days 
in Denmark (Husted et al. 2016, Knæalloplastikregister 2017). 
Thus, the setting in Germany can vary considerably from the 
setting in previous studies that examined optimized care pro-
cesses, and we are not aware of any similar studies that were 
performed in Germany. The PROMISE trial is also designed 
to account for the fact that German patients participate in a 
rehabilitation program after their hospitalization. Therefore, 
we hope this prospective multi-center trial will help improve 
outcomes in the post-hospitalization period by incorporat-
ing hospitals that provide different levels of care as well as 
outpatient and inpatient rehabilitation centers. The resulting 
information may guide the development of an optimized pro-
cess that accounts for the patient’s characteristics, expecta-
tions, and quality of life, as well as the relevant stress factors, 
functional outcomes, and economic costs up to 1 year after 
surgery. The strengths of the study we see in a prospective, 
multi-centric, intersectoral design, a relatively high number of 
participants, a very broad data collection at numerous points 
of time, an above-average follow-up period and an indepen-
dent external evaluation. Unfortunately, it is not feasible to 
organize an optimized and a common treatment path at a 
single center, which intends randomization of the participants 
to an intervention and control group. We will at least partially 
address this issue by comparing the results with those from 
a matched cohort of control patients from a German health 
insurance database. Parameters that we cannot directly com-
pare between the PROMISE and control groups will be evalu-
ated based on previously published results. Also disadvanta-
geous is that German funding agencies select the rehabilitation 
facility and we cannot ensure that all participants complete 
their rehabilitation in PROMISE-affiliated facilities. Although 
this may reduce the number of participants who complete the 
full PROMISE process, it will allow us to analyze statistically 
the benefits of cross-sectoral care.

All authors are members of the PROMISE working group, which developed 
and wrote the study protocol together. UB is the main author and respon-
sible for the introduction and discussion, LL, FH, JS, MG, LE, and PhD 
have described the intervention, LS and KK wrote the sections on general 
project description, BB and MB wrote the sections on data collection and 
evaluation. All authors reviewed the entire text. 
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