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Abstract 

Background  Diabetes mellitus is a surgical risk factor, yet perioperative diabetes management remains debated, 
with inconsistent guidelines and limited consideration on the implementation of “enhanced recovery after sur-
gery” (ERAS) programs. A detailed prospective observational multicenter study was launched to investigate perio-
perative risk factors and outcomes in diabetic patients undergoing modern optimized hip and knee arthroplasty 
within an established ERAS program.

Methods  This study reports on the feasibility of launching prospective detailed observational studies as part of daily 
clinical practice within a multicenter collaboration, focusing on data completeness and successful recruitment.The 
feasibility analysis was conducted from October 1, 2022, to January 31, 2024, across eight public arthroplasty centers 
in Denmark, in diabetic patients undergoing elective primary total hip (THA), total knee (TKA), or unicompartmental 
knee (UKA) arthroplasty. Prospective data collection included antihyperglycemic medication, preoperative HbA1c, 
data on perioperative diabetes management, length of stay (LOS), and readmission after surgery.

Results  The cohort comprised 1007 DM patients (37.6% (n = 379) THA, 44.5% (n = 448) TKA, 17.9% (n = 180) UKA) 
with a mean age of 70.7 years (SD 8.8), and the median age was 71 (IQR 65–77); 48% were female and 19% were 
insulin-treated. Data on the type of preoperative antihyperglycemic medications was available in 100% of patients. 
LOS was registered in 100% of patients, and 90-day follow-up was completed in 99% of patients. Preoperative HbA1c 
assessment increased from 68% in February 2023 to 96% in January 2024. From March 1st, 2023, data on perioperative 
diabetes management was available for 98% of all patients, with a total completion variation between 94 and 96% 
across the included parameters.

Conclusion  The study demonstrates the feasibility of a prospective multicenter setup for detailed data collection 
on diabetic patients undergoing ERAS hip or knee arthroplasty. The high compliance rates of key metrics (≥ 94%) 
support that data completeness and quality are sufficient to proceed with the main study to assess the impact 
of diabetes and its management on outcomes within an ERAS program in 2000 patients, since enrollment exceeded 
expectations.
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Trial registration  ClinicalTrials.gov. NCT05613439. Registered on 9 January 2022, https://​clini​caltr​ials.​gov/​study/​
NCT05​613439?​id=​NCT05​61343​9&​rank=1
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Key messages regarding feasibility

•	 What uncertainties existed regarding the feasibility?

Is it possible to design a multicenter, prospective obser-
vational study with effective collection of detailed data 
on perioperative diabetes management and outcomes as 
part of routine clinical practice in ERAS hip and knee 
arthroplasty?

•	 What are the key feasibility findings?

Perioperative enrollment and data collection rates of ≥ 
94% confirmed sufficient data completeness and adher-
ence to the ERAS framework in diabetic patients.

•	 What are the implications of the feasibility findings 
for the design of the main study?

The successful data collection and high compliance 
rates demonstrate the feasibility of this study design and 
support proceeding with the main trial to evaluate the 
impact of diabetes management on outcomes within an 
ERAS framework. The concept of detailed prospective 
studies nested within routine ERAS frameworks can be 
applied to other patient-groups and procedures, thereby 
guiding future large-scale clinical trials and guidelines.

Introduction
There is a general agreement that diabetes mellitus (DM) 
is a risk factor for prolonged hospital stay and postopera-
tive complications in surgical patients [1–5]. Meanwhile, 
perioperative diabetes management remains highly 
debated [6, 7].

Standardized enhanced recovery after surgery (ERAS) 
programs have been shown to facilitate recovery, 
decrease postoperative complications [5, 8] and reduce 
postoperative disturbances in glucose homeostasis [9, 
10]. Although the overall role of DM as a preopera-
tive risk factor has been investigated in some studies 
within ERAS hip and knee arthroplasty [5, 11–13], the 
combined clinical challenges and results in relation to 
perioperative diabetes management have not. Thus, the 
impact of diabetes as a preoperative risk factor and its 
perioperative management within a well-established 

ERAS framework remains controversial [13]. Although 
a classical RCT has been a gold standard for previous 
trials, newer developments have included cluster rand-
omized trials, platform trials, etc., in order to decrease 
costs and study duration. However, future studies 
should be performed within an ERAS framework to 
provide conclusions based upon optimized treatment 
protocols, thus minimizing confounding factors and 
morbidity risk related to traditional care [14].

Consequently, a Danish national prospective obser-
vational study in patients with DM undergoing hip and 
knee arthroplasty within an established improved ERAS 
framework has been protocolized [15]. In this protocol, 
it was estimated that at least 1400 hip and knee arthro-
plasty patients with DM were needed to demonstrate a 
reduction in patients with length of stay (LOS) of more 
than 4 days or 90-day readmissions of 3% compared to 
an earlier study within the same setup [5, 15].

Several outcomes have been predefined, including the 
proportion of DM patients with LOS > 2 and > 4  days, 
readmission rates, the association between periopera-
tive diabetes treatment and outcome, the specific role 
of perioperative management of glucagon-like pep-
tide-1 receptor agonist (GLP-1RA) and sodium-glucose 
cotransporter-2 inhibitor (SGLT2-i) in patients with 
DM, and achievements of same-day discharge in hip 
and knee arthroplasty in patients with DM [15].

The present study is a report on the feasibility of 
the planned ambitious data collection during the ini-
tial 16 months of this protocolized observational mul-
ticenter study nested within a routine clinical ERAS 
framework [15]. The results may be useful for future 
planning of similar investigations in patients with other 
complex preoperative comorbidities on a procedure-
specific basis and within an ERAS framework.

Objectives
To assess the feasibility of the initiated trial design as 
part of routine clinical practice within the planned pro-
spective observational framework [15]. Feasibility was 
defined a priori based on two domains: data complete-
ness and patient recruitment. The primary outcome 
was the completeness of perioperative data related to 
diabetes status and perioperative management. Sec-
ondarily, we evaluated whether overall recruitment 
progressed as planned.

https://clinicaltrials.gov/study/NCT05613439?id=NCT05613439&rank=1
https://clinicaltrials.gov/study/NCT05613439?id=NCT05613439&rank=1
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Methods
Study design
This was a non-randomized study evaluating the fea-
sibility of continuing the ongoing large-scale cohort 
study in relation to the viability of the design and work-
flow for recruitment and datacollection [15]. Interim 
analyses were performed after every 400 patients to 
ensure recruitment, data availability, and process 
implementation across centers before proceeding to the 
main analyses.

Setting
The Center for Fast-track Hip and Knee Replacement 
consists of 8 public arthroplasty centers across all 5 
regions in Denmark, covering about 40% of the annual 
number of arthroplasties in Denmark [16, 17]. Periop-
erative diabetes care followed local guidelines [7].

Sample size considerations
No formal power analysis was performed, but we aimed 
to have included about half of the planned patients 
for the main study at the time of analysis. This would 
accommodate for initial difficulties with data collection 
and allow for prolonging the inclusion period of the 
main study if necessary. Based upon an expected aver-
age of 900 patients/year/department and with a 10% 
incidence of diabetes, 1 year of data collection was nec-
essary to include 720 patients. As data collection was 
gradually expanded throughout the study period, we 
decided to use all available data from the introduction 
of data collection in 2022 and until 10 months of com-
plete diabetes-specific data registration, which was ini-
tiated in March 2023.

Statistics and reporting
Descriptive statistical analyses were conducted in IBM 
SPSS statistics version 29.0.1.0, and figures were cre-
ated in Excel. Reporting adhered to the STROBE guide-
lines recommended for feasibility studies in preparation 
for large-scale cohort studies [18]. A level of complete-
ness of > 90% for each of the collected variables was 
considered as confirming the feasibility of data collec-
tion, while a recruitment rate of > 750 patients was con-
sidered to confirm the feasibility of patient recruitment 
for the main trial.

Study population
The study period was from October 1 st, 2022, until 
January 31 st, 2024, and included patients with DM 
receiving an elective primary total hip (THA), total 
knee (TKA), or unicompartmental knee (UKA) arthro-
plasty registered in the database and consenting to data 

collection and follow-up. All surgeries were performed 
within an established ERAS program [16].

Data sources
Data was prospectively collected by dedicated research 
staff at the individual study sites and stored online in a 
REDCap database [19] in collaboration with the Open 
Patient data Explorative Network (OPEN) at Odense 
University Hospital. All outcome data were registered by 
the research staff and based on the unique Danish hospi-
tal register system securing complete follow-up.

The database includes information on LOS and 90-day 
follow-up on readmissions for all patients, while the type 
of antihyperglycemic treatment and preoperative HbA1c 
were collected specifically for patients with DM from 
October 1 st, 2022. Since recommendations on perioper-
ative DM management initially differed due to the lack of 
evidence [7], data on perioperative diabetes management 
were registered from March 1 st, 2023. This included 
cessation and reuptake times for antihyperglycemic 
treatment, data on the use of GI/GIK and insulin admin-
istrations in hospital, the preoperative dose of glucocor-
ticoid, the last measured blood glucose before discharge, 
and the time of surgery before or after 12:00 PM.

Results
The study cohort included 1007 patients with diabetes, 
drawn from a population of 9,618 consecutive patients 
out of the initially planned 1400 patients with diabetes 
undergoing hip or knee arthroplasty (Fig. 1). The overall 
inclusion rate was 96.3% of all operated patients in the 
centers, only excluding 3.7% who did not give consent to 
be registered in the database. Of patients with DM, 379 
(38%) had THA, 448 (44%) had TKA, and 180 (18%) had 
UKA. The mean age was 70.7 (SD 8.8) years (median 71 
(IQR 65–77)) and 48% were females.

Registration of antihyperglycemic medication was 
complete in 100% of patients. Of these, 815 (81%) patients 
received treatment with other antihyperglycemic medica-
tions than insulin, 157 (15.5%) patients were treated with 
insulin in combination with other antihyperglycemic 
medications, and 35 (3.5%) patients were treated with 
insulin alone. Antihyperglycemic medication was divided 
into 6 pharmacological groups, with 79% of patients 
being treated with metformin, 40% with GLP1RAs, 28% 
with SGLT2is, and 19% with insulin (Fig.  2). LOS was 
registered in 100% of patients, and 90-days follow-up was 
completed in 99% of patients.

By February 1 st, 2023, 68% of all patients with dia-
betes had their HbA1c taken prior to surgery but 
gradually optimized, resulting in 96% registration 
of preoperative HbA1c measurements at the end of 
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inclusion across all centers, with a variation in cent-
ers between 92 and 100% (Table  1). Similarly, data on 
perioperative diabetes management were implemented 
and available for at least one of the defined parameters 
in 98% of patients across all centers from March 1 st, 
2023, with the completeness for the individual parame-
ters ranging from 94 to 96% across all centers (Table 1). 
All key parameters demonstrated only minor variation 
between the participating departments (Table 1).

Discussion
The results of the present feasibility study in 1007 
patients with DM undergoing hip or knee arthroplasty 
in a large prospective multicenter study demonstrate 
the detailed perioperative assessment in ≥ 94% of 
patients. Thus, our data support proceeding with the 
main study without major protocol modifications [15]. 
Compared to the international literature [1, 2, 6, 12, 
13], the study is unique by introducing standardized 
perioperative care as a part of the ERAS regimen [15] 

Fig. 1  Diagram of the study population

Fig. 2  Distribution of antidiabetic treatments, alone or in combination, in diabetic patients undergoing hip or knee arthroplasty between October 
1 st 2022 and January 31 st 2024 (n = 1007). Abbreviations: DDP-4i, dipeptidyl peptidase-4 inhibitor; GLP1-RA, glucagon-like peptide-1 receptor 
agonist; SGLT2i, sodium-glucose co-transporter-2 inhibitors



Page 5 of 6Issa et al. Pilot and Feasibility Studies           (2026) 12:10 	

which may be important due to documented reduction 
in postoperative morbidity [8, 20], insulin resistance, 
and glucose homeostasis disturbances by ERAS [9, 10].

Also, the study will add to the current discussion on 
several important aspects regarding preoperative use 
of glucocorticoids in diabetic patients, especially with 
regards to dosing, insulin-dependent diabetes, and pre-
operative dysregulation [12].

The main study was planned to include 1400 patients, 
but recruitment exceeded expectations, allowing the 
expansion of the cohort to 2000 patients within the 
scheduled timeframe. This may provide a reliable and 
valuable contribution to future guidelines for patients 
with DM undergoing a relatively major operation 
within a fully implemented ERAS program.

In relation to the feasibility of undertaking such 
detailed data collection into a scientific database, we 
found that it took 4  months to get 96% completion of 
preoperative HbA1c measurement from initially 68% 
(February 1 st, 2023) and 3  months to achieve data 
on perioperative diabetes management in 98% of all 
patients, with a total completion variation between 94 
and 96% across the included parameters. This seems a 
relatively short time considering the current database 
prospectively collects a multitude of other preopera-
tive and outcome-related data [16, 17]. Thus, our setup 
may be encouraging for others to perform similar stud-
ies in patients with DM having other procedures within 
an ERAS program or in patients with other comorbidi-
ties. In this context, the generalizability is high, as the 

centers cover about 40% of annual THA, TKA, and 
UKA in Denmark.

In summary, with the recruitment of 1007 patients 
with diabetes undergoing arthroplasty—of whom more 
than 94% had detailed perioperative assessment and 
treatment documented, 100% had detailed antihyper-
glycemic medication records, 99% had length-of-stay 
data registered, and the proportion with HbA1c meas-
urements increased to 98%—the study demonstrated 
the feasibility of a prospective, multicenter observa-
tional study within a multicenter clinical ERAS frame-
work [15]. This type of study may be applied to other 
patient groups and surgical procedures within a pro-
spective multicenter setup. Thus, it provides relevant 
baseline data before deciding on large interventional 
randomized clinical trials [14].
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Table 1  Completeness of preoperative data on type of antidiabetic treatment, length of stay, 90-day follow-up, pre-operative HbA1c 
and perioperative diabetes management (see legend) overall and by site

a The completeness of each variable was calculated separately for patients enrolled after 01.10.2022, 01.02.2023, and 01.03.2023, as indicated in the table
b Perioperative diabetes management—total included data on one or more of following: ceasing or reuptake time for antidiabetic treatment, use of GI/GIK or sliding 
scale insulin in hospital (yes/no), discharge blood glucose (yes/no), use of steroid (yes/no), surgery time (before or after 12 am)

Data Total Site A Site B Site C Site D Site E Site F Site G Site H
% % % % % % % % %

Patients included after 01.10.22a n = 1007 n = 123 n = 13 n = 201 n = 216 n = 111 n = 186 n = 113 n = 44

  Antihyperglycemic medicine 100 100 100 100 100 100 100 100 100

  Length of stay 100 100 100 100 100 100 100 100 100

  90-day follow up 99 98 100 100 100 98 99 100 100

Patients included after 01.02.23a n = 790 n = 94 n = 13 n = 156 n = 170 n = 82 n = 151 n = 85 n = 39

  Preoperative HbA1c 96 100 100 92 98 94 95 100 95

Patients included after 01.03.23a n = 726 n = 83 n = 13 n = 141 n = 161 n = 72 n = 140 n = 80 n = 36

  Perioperative diabetes management—totalb 98 99 100 96 98 93 100 100 100

Data on cessation and reuptake time for antihypergly-
caemic treatment

95 98 100 95 89 90 100 100 100

Data use of GI/GIK and sliding scale insulin in hospital 96 99 100 96 88 93 100 100 100

Data on perioperative steroid administration 94 98 100 94 98 90 99 79 83

Data on discharge blood glucose 94 98 92 96 98 90 99 80 89

Time of surgery 96 98 100 96 98 90 100 90 89
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