
Research Article

Clinical Research and Trials

Clin Res Trials, 2021        doi: 10.15761/CRT.1000358

ISSN: 2059-0377

 Volume 7: 1-10

The implementation of multiple two-month treatment 
periods in cluster randomized crossover trial in orthopaedic 
trauma: The PREP-IT Program
Sheila Sprague1,2*, Chuan Silvia Li1, Diane Heels-Ansdell2, David Pogorzelski1, Shannon Dodds1, Jordan Leonard1, Mohit Bhandari1, Michael 
J Prayson3, Saam Morshed4, Mark J Gage5, Michael J Weaver6, Marilyn Heng7, Todd Jaeblon8, Lehana Thabane2 and Gerard Slobogean8 on 
behalf of the PREP-IT Investigators**
1Department of Surgery, McMaster University, 293 Wellington St. N., Suite 110, Hamilton, ON, Canada 
2Department of Health Research Methods, Evidence, and Impact, McMaster University, 1280 Main St. W., Hamilton, ON, Canada
3Department of Orthopaedic Surgery, Wright State University, 30 E Apple St., Suite 2200, Dayton, OH, USA 
4Department of Orthopaedic Surgery, University of California, 1001 Potrero Ave, Box 239, San Francisco, CA 94110, USA
5Orthopaedic Trauma, Duke University Hospital, 2301 Erwin Rd. Durham, NC 27710, USA
6Department of Orthopedic Surgery, Brigham Health, 75 Francis St., Boston, MA, USA 
7Department of Orthopaedic Surgery, Massachusetts General Hospital/Newton Wellesley Hospital, Harvard Medical School, 55 Fruit Street, YAW 3700 - Suite 
3B, Boston, MA, 02114, USA
8Department of Orthopaedic Surgery, University of Maryland School of Medicine, 655 W Baltimore St. S., Baltimore, MD, USA

Abstract
Introduction: Cluster randomized crossover (CRXO) trials involve randomly allocating clusters to a sequence of interventions. In CRXO trials, researchers must 
determine if clusters will crossover between the two treatment groups once or multiple times. There is concern that multiple crossovers may increase the risk of treatment 
contamination. We sought to determine the incidence of treatment contamination within CRXO trials that use alternating two-month recruitment periods.

Methods: The PREP-IT Trials is a master protocol for CRXO trials that evaluate different surgical antiseptic skin solutions for fracture fixation. Three separate 
cohorts are enrolling patients across 43 clusters, with each cluster randomized to a starting solution and alternating its treatment intervention every two months. We 
used descriptive statistics and regression analysis to report the incidence of treatment contamination.

Results: The majority of clusters had no contamination during the run-in.  The incidence of contamination during enrollment was 4.0% (242/6096), with statistically 
significant difference between two of the trials (p<0.001). Variation was observed across clusters (range, 0% to 19.0%), with 13.9% (6/43) of clusters having 
contamination rates greater than 10%. There was no clustering of contamination immediately following the treatment crossover (p=0.701).

Discussion: The PREP-IT Trials demonstrates low treatment contamination using the two-month multiple CRXO design. The run-in phase allowed for the 
confirmation of acceptable treatment compliance and was critical to cluster success. There are minimal changes in the incidence of contamination over the treatment 
periods and over time. There is variation in contamination by cluster, suggesting that more oversight and training may be needed.
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Introduction
Cluster randomized crossover trials (CRXO) involve randomly 

allocating naturally occurring groups or clusters to enroll participants 
under one treatment group for a specified period of time and then 
crossing over to the other treatment group.  When designing these trials, 
researchers must determine if clusters will crossover between treatment 
groups just once or multiple times throughout the course of the trial. 
A previously conducted simulation study suggested that increasing 
the number of crossovers in a CRXO trial from one to three (resulting 
in two or four treatment periods respectively) yields substantial 
increases in statistical efficiency, but that increasing the number of 
crossovers beyond this yields diminishing returns [1]. However, when 
determining the optimal number of crossovers, researchers may also 
need to consider other practical issues. 

CRXO designs can be used to assess different infection prevention 
interventions. In infection prevention studies, it is necessary to account 

for seasonal variability in surgical site infections (SSI) and their 
associated infectious organisms [2]. For example, clusters can enroll 
for a 12-month period under the first treatment intervention and 
then crossover to the second treatment intervention and enroll for an 
additional 12 months. While this approach also matches for seasonal 
variability and is a very simple design, there are important limitations. 
The primary limitation is the risk of confounding if new SSI preventative 
measures are introduced during the trial. Secondly, there is also a 



Sprague S (2021) The implementation of multiple two-month treatment periods in cluster randomized crossover trial in orthopaedic trauma: The PREP-IT Program

 Volume 7: 2-10Clin Res Trials, 2021        doi: 10.15761/CRT.1000358

possible risk of treatment imbalance if clusters are unable to enroll for 
24 months or if enrollment needs to be extended beyond 24 months. An 
alternative approach is to have clusters crossover more frequently, such 
as every two months. This approach accounts for seasonal variability 
in SSI incidence and their associated infectious organisms, as each 
crossover period covers a season.  

Although increasing the number of crossovers in a cluster 
randomized trial may improve statistical efficiency, one potential 
disadvantage is increased use of the incorrect treatment intervention 
(contamination). A recently published infection prevention 
trial compared preoperative skin disinfection with 0.5 percent 
chlorhexidine–alcohol and one percent iodine–alcohol in patients 
undergoing breast, colorectal, vascular, orthopaedic, and gallbladder 
surgery using a CRXO design in which treatment periods crossed over 
every three months for two years (seven crossover events and eight 
treatment periods) [3]. The authors did not report the rate of treatment 
contamination, which is likely due to the pragmatic nature of their trial 
and limited data collection (e.g. not collecting contamination at the 
surgery level).  The PREP-IT Investigators are conducting two similar 
infection prevention CRXO trials, in three cohorts of fracture patients, 
in which the incidence of contamination are collected.  The purpose 
of this analysis is determine the incidence of treatment contamination 
within the PREP-IT CRXO trials that use alternating two-month 
recruitment periods.

Methods
PREP-IT Overview

The PREP-IT (Program of Randomized trials to Evaluate Pre-
operative antiseptic skin solutions In orthopaedic Trauma) consists of 
two ongoing pragmatic CRXO trials [4]. Aqueous-PREP: A Pragmatic 
Randomized trial Evaluating Pre-operative aqueous antiseptic skin 
solutions in open fractures and 2) PREPARE: A Pragmatic Randomized 
trial Evaluating Pre-operative Alcohol skin solutions in FRactured 
Extremities) (Figure 1).  The Aqueous-PREP trial will enroll at least 
1,540 patients with open fractures to determine the effectiveness of 
aqueous pre-operative antiseptic skin preparation with 10% povidone-
iodine versus 4% chlorhexidine gluconate.  The PREPARE trial will 

enroll at least 1,540 patients with open fractures (PREPARE-Open) 
and 6,280 patients with closed lower extremity and pelvic fractures 
(PREPARE-Closed) and compares alcohol-based pre-operative 
antiseptic skin preparation with iodine povacrylex (0.7% free iodine) 
(DuraPrepTM) versus 2% chlorhexidine gluconate (ChloraPrepTM).  
PREPARE-Open and PREPARE-Closed will be analyzed separately as 
they are two distinct patient populations. The primary outcome of both 
trials is post-fracture SSI within 90 days of the fracture as defined by the 
Centers for Disease Control and Prevention (CDC) [5] and unplanned 
fracture-related reoperations within 12 months to manage infection, 
wound healing problems, and fracture healing problems. Both trials are 
registered on clinicaltrials.gov (NCT03385304 and NCT03523962) and 
the master protocol has been published [4].

Cluster Definition

Clusters are defined as orthopaedic practices within a hospital 
and are described previously [6].  Twenty-six different clusters are 
participating in PREP-IT.  Twelve clusters have enrolled patients 
into Aqueous-PREP trial, 14 clusters have enrolled patients into the 
PREPARE-closed cohort, and 17 clusters have enrolled patients into 
the PREPARE-Open cohort.  Of note, clusters often participate in more 
than one cohort (e.g. PREPARE-Open and PREPARE-Closed). As each 
cohort will be analyzed and results presented separately in most of our 
analyses, there are 43 clusters across all three cohorts.

Number and Duration of Treatment Crossovers

In PREP-IT, the unit of randomization is the orthopaedic practices 
within clinical sites (clusters). Recruitment for each treatment group 
will be performed in multiple iterations of approximately two-month 
periods. Each orthopaedic practice was initially randomized to use one 
of  two  pre-operative surgical skin preparation  solutions for fracture 
surgeries (Figure 2). Upon completion of the two-month period, each 
orthopaedic practice crosses over to the alternative treatment allocation 
and completes another two-month recruitment period. Each cluster is 
anticipated to enroll for 24-months; however, some clusters may have 
a shorter total recruitment duration (e.g., a participating site who joins 
the trial later, high volume clinical sites, etc.). The two-month treatment 
periods will help account for seasonal variability in SSI incidence and 

Figure 1. PREP-IT Trial. Reproduced from “Cluster identification, selection, and description in cluster randomized crossover trials: the PREP-IT trials” by Sprague, et al. [6]
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their associated infectious organisms [2], as each crossover period 
will cover a season. In addition, for those clusters enrolling beyond 
12 months, the distribution of recruitment periods for each solution 
may be seasonally matched by reversing the order of the alternating 
allocation after 12 months of recruitment. Prior to commencing 
enrollment, each cluster completed a 15-patient or one-month run-in 
phase, with the possibility to extend it to three months. 

**Figure 2 shows an example of a cluster that is randomized to 
begin with solution A.

Contamination Definitions

Depending on the severity of the injury, fracture patients may 
require multiple surgeries over multiple days and sometimes weeks to 
manage their injury and, therefore, their limb is prepped for surgery 
on multiple occasions. The PREP-IT protocols require that the limb 
be prepped with the same antiseptic solution at each planned surgery 
related to their fracture, as per the treatment period that the participant 
was in during their first fracture related surgery.  If the incorrect 
solution is used, this is considered a contamination. For example, 
if a participant in the PREPARE trial had their first surgery during a 
ChloraPrepTM treatment period but was prepped with DuraPrepTM 
during their initial surgery, or any subsequent planned surgery, this 
would be considered a contamination. Solution compliance for the run-
in phase and for the trial is documented in the electronic data capture 
(EDC) system. Contamination may be reported by participant or by 
surgery, depending on the research question. 

Research Objectives and Hypotheses

The specific research objectives of this analysis are to determine: 1) 
the incidence of contamination by trial and by cluster during the run-in 
phase and the enrollment phase;  2) if the incidence of contamination 
differs between the three fracture patient cohorts; 3) if the incidence 
of contamination differs between the clusters; 4) if the incidence of 
contamination increases at beginning of a treatment period (e.g. when 
the clusters change from one treatment to the next); and 5) determine if 
the incidence of contamination changes as the trials progress.

We hypothesize that the incidence of contamination will be 
different across the three fracture patient cohorts due to differences 
in the fracture populations (open fractures vs. closed fractures) and 
difference in the application and texture of the preparation solutions.  

Therefore, we believe that the Aqueous-PREP trial is likely to have a 
higher incidence of contamination as the population includes only 
open fractures and the surgical preparation solutions are different 
in texture, which may influence surgeon preference, and are applied 
without an applicator.  

We hypothesize that the incidence of contamination differs between 
the clusters due to differences in cluster characteristics including the size 
of the trauma centre, patient volume, number of surgeons, number of 
operating rooms, and existing research infrastructure.  Larger clusters 
with a higher patient volume, more surgeons and operating rooms, 
and limited research resources are likely to have a higher incidence of 
contamination.

We hypothesize that the incidence of contamination will increase 
at beginning of a treatment period (e.g. when the clusters change from 
one treatment to the next). Our rationale is that errors may be made 
at this time as clinical personnel may not be aware of the treatment 
crossover or they may have forgotten about the treatment crossover.

We hypothesize that the incidence of contamination may decrease 
as the trial progresses due to clinical personnel and research personnel 
becoming more aware of the trial procedures.

Statistical Analyses
Incidence of contamination by trial and by cluster during the 
run-in phase and the enrollment phase

Descriptive statistics (frequencies and percentages) were used 
to  report the percentage of participants with at least one treatment 
contamination during the run-in phase, each treatment period, and the 
entire recruitment duration stratified by cluster and by trial.

Incidence of contamination between the three fracture 
patient cohorts

Logistic regression was used to determine if the incidence of 
contamination differs between Aqueous-PREP, PREPARE-Open, 
and PREPARE-Closed. The unit of analysis was the patient and the 
dependent variable was patient contamination of final prep solution 
in any planned surgeries. The independent variable was trial cohort 
(Aqueous-Prep, PREPARE-Open, PREPARE-Closed) and cluster was 
entered as a random effect. Odds ratios (OR), corresponding 95% 
confidence intervals, and associated p values were reported. 
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Incidence of contamination between the clusters

Logistic regression was used to determine if the incidence of 
contamination differs between clusters. The unit of analysis was the 
patient and the dependent variable was patient contamination of final 
prep solution in any planned surgeries. The independent variables were 
cluster and trial cohort. 

Incidence of contamination at the beginning of a treatment 
period

Logistic regression was used to determine if the incidence of 
contamination increases at the initiation of a treatment period. The unit 
of analysis was planned surgery. The dependent variable was treatment 
contamination (yes vs. no) with the final prep solution during the 
planned surgery. The main independent variable was the time in days 
from the start of the treatment period to the planned fracture surgery. 
The number of planned surgeries per participant, number of PREP-
IT trials that the cluster was enrolling for at the time, and treatment 
solution were also included as independent variables in the logistic 
regression model. Trial cohort (Aqueous-Prep, PREPARE-Open, vs. 
PREPARE-Closed), cluster and participant were included as random 
effects. Odds ratios, corresponding 95% confidence intervals, and 
associated p values were reported. 

We observed the relationship of treatment contamination and time 
in a scatter plot, and were prepared to transfer the independent variable 
if necessary during the data analysis. 

Incidence of contamination as the trials progress

A logistic regression model was used to determine if the incidence of 
contamination decreases as the trial progresses. The unit of analysis was 
the participant. The dependent variable was participant contamination. 
Participant contamination was defined as participants who had one 
or more contamination of final preparation solution during a planned 
fracture surgery. The independent variables were the duplex number 
(duplex is defined as two months using one solution followed by two 
months using the other solution). Treatment solution was also included 
as an independent variable. Trial cohort and cluster were included as 
random effects. Odds ratios, corresponding 95% confidence intervals, 
and associated p values were reported.

All tests were two-tailed with an alpha of 0.05. All analyses were 
conducted using R version 3.6.2.

Results
Incidence of contamination by trial and by cluster during the 
run-in phase and the enrollment phase

During the run-in phase, the overall incidence of contamination 
by fracture surgery was 4.1% (45/1,096) and is shown for each 
cluster in Aqueous-PREP, PREPARE-Open and PREPARE-Closed. 
Aqueous-PREP had the highest incidence of contamination (13.4%) 
during the run-in phase, followed by PREPARE-Open (3.6%), and 
PREPARE-Closed (1.3%) (Table 1). Most clusters (66.8%; 30/43) had 
no contamination during the run-in phase. Contamination ranged 
from 0% to 37.5% in Aqueous-PREP, 0% to 18.7% in PREPARE-Open 
and 0% to 9.1% in PREPARE-Closed. One cluster in Aqueous-PREP 
had a 37.5% (21/56) incidence of contamination and was unable to 
enroll in the trial. One cluster completed a successful run-in phase for 
PREPARE-Open and PREPARE-Closed but decided to only participate 
in PREPARE-Closed to manage workflow.  During the enrollment 

phase, the overall contamination rate by fracture surgery was 4.0% 
(242/6,096) and the overall contamination rate by participant was 4.4% 
(204/4,668) (Table 1).

Incidence of contamination between the three fracture 
patient cohorts

The Aqueous-PREP trial had the highest contamination rate (7.4% 
by fracture surgery and 9.9% by participant), followed by PREPARE-
Open (4.1% by fracture surgery and 5.0% by participant), and 
PREPARE-Closed (1.9% by fracture surgery and 2.0% by participant). 
No statistically significant difference in incidence of contamination 
was found in PREPARE-Open compared with Aqueous-PREP [odds 
ratio (OR) 0.65 (95% CI 0.36 to 1.22, p=0.148]; however, there was 
a significant difference between PREPARE-Closed compared with 
Aqueous-PREP [OR 0.22 (95% CI 0.13 to 0.39, p<0.001] in our 
multivariable logistic regression model which adjusted for cluster. 

Incidence of contamination between the clusters

Contamination rates between clusters was significantly different 
(range, 0% to 19%) (p<0.001) (Table 1).  

Incidence of contamination at the beginning of a treatment 
period

The incidence of contamination did not increase at the beginning 
of a new treatment period [OR 1.003 for every day further out from the 
crossover (95% CI 0.987 to 1.02 p=0.701)] (Figure 3).  In other words, 
no clustering of contamination was observed in the days immediately 
following a treatment crossover.  

Incidence of contamination as the trials progress

The incidence of contamination by treatment period are reported in 
Table 2. The logistic regression did not show a change in contamination 
as the trials progressed (Table 3). 

Discussion
Comparative effectiveness research compares interventions with 

proven effectiveness in real-world settings and are often implemented 
as pragmatic trials. One potential criticism of pragmatic trials is that 
intervention fidelity, that is the adherence to the trial intervention as 
outlined in the protocol, may not be well captured. While the current 
study provides some insight on the rate of contamination for the PREP-
IT trials, it is also likely a good estimate of contamination in similar 
surgical preparation CRXO trials with unreported contamination such 
as the one published by Charehbili, et al. in 2019.  Additionally, this 
study provides insight into where and when the contaminations are 
occurring.

One of the concerns at the onset of this trial was that introducing 
multiple crossovers may increase treatment contamination beyond the 
thresholds outlined in the trial protocol. This analysis of the PREP-IT 
trials demonstrates that it is possible to maintain an acceptable level 
(e.g. less than 10%)4 of contamination using the two-month multiple 
crossover trial design. The run-in phase allowed for the confirmation 
of acceptable treatment compliance prior to cluster initiation and was 
critical to setting clusters up for success by allowing them to work out 
issues causing treatment contamination before initiating enrollment. 
Most clusters had little contamination during the run-in phase, and 
many have successfully used the run-in phase to resolve local logistical 
challenges.
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Table 1. Treatment Contamination by Trial and by Clinical Site (Cluster)

Trial and Cluster By Site Number* Contamination During the 
Run-In Phase N (%)

Contamination by Participant During the 
Enrollment Phase N (%)

Contamination by Surgery During the 
Enrollment Phase N (%)

Aqueous-PREP
Site 1 0 (0) 6 (7.2) 8 (5.4)
Site 2 0 (0) 3 (1.8) 6 (2.9)
Site 3 0 (0) 2 (3.8) 10 (11.9)
Site 4 2 (10.5) 14 (9.3) 10 (3.8)
Site 5 0 (0) 27 (14.0) 36 (8.9)
Site 6 21 (37.5) - -
Site 7 3 (10.3) 15 (14.9) 13 (8.7)
Site 8 2 (10.5) 9 (14.8) 2 (2.4)
Site 9 0 (0) 13 (8.7) 18 (6.4)
Site 10 0 (0) 12 (13.2) 30 (20.1)
Site 11 0 (0) 1 (4.8) 0 (0.0)
Site 12 0 (0) 8 (22.9) 7 (14.9)
Site 13 1 (9.1) 3 (7.9) 2 (3.1)
Total 28 (13.4) 113 (9.9) 142 (7.4)

PREPARE-Open
Site 1 1 (2.5) 7 (2.9) 8 (2.4)

Site 31 0 (0) 11 (21.2) 12 (17.9)
Site 32 0 (0) 2 (3.7) 4 (4.0)
Site 33 0 (0) - -
Site 34 0 (0) 1 (4.3) 1 (2.4)
Site 35 3 (18.7) 0 (0.0) 0 (0.0)
Site 36 0 (0) 1 (4.3) 1 (2.9)
Site 37 0 (0) 2 (15.4) 2 (11.1)
Site 38 1 (11.1) 1 (5.6) 2 (8.3)
Site 39 0 (0) 0 (0.0) 0 (0.0)
Site 40 2 (10) 5 (4.9) 6 (4.6)
Site 41 0 (0) 0 (0.0) 0 (0.0)
Site 42 0 (0) 1 (4.5) 1 (3.6)
Site 43 0 (0) 4 (23.5) 4 (14.8)
Site 44 0 (0) 0 (0.0) 0 (0.0)
Total 7 (3.6) 35 (5.0) 41 (4.1)

PREPARE-Closed
Site 1 1 (2.3) 4 (1.1) 4 (1.0)

Site 2** - 9 (6.0) 9 (5.8)
Site 4** - 1 (1.6) 1 (1.4)
Site 31 2 (3.5) 15 (5.0) 18 (5.0)
Site 32 0 (0) 3 (1.2) 3 (1.1)
Site 33 2 (9.1) 1 (0.7) 1 (0.6)
Site 34 0 (0) 2 (1.4) 2 (1.2)
Site 35 1 (1.7) 1 (0.8) 1 (0.7)
Site 36 0 (0) 1 (0.7) 1 (0.6)
Site 37 0 (0) 3 (3.1) 3 (3.0)
Site 38 0 (0) 3 (2.6) 3 (2.6)
Site 39 3 (6.2) 1 (1.4) 1 (1.2)
Site 40 0 (0) 4 (1.9) 4 (1.7)
Site 41 0 (0) 1 (0.3) 1 (0.3)
Site 42 0 (0) 5 (2.7) 5 (2.5)
Site 43 0 (0) 2 (3.1) 2 (2.5)
Site 44 0 (0) 0 (0.0) 0 (0.0)
Total 9 (1.3) 56 (2.0) 59 (1.9)

Total for All Cohorts 44 (4.1) 204 (4.4) 242 (4.0)

*Site number is unique for each cluster and assigned at the beginning of the trial by the Methods Centre
**Site 2 and 4 did not complete a run-in period for PREPARE-Closed as they are participating in the Aqueous-PREP trial.

Trial First Treatment Period* Second Treatment 
Period*

Third Treatment 
Period*

Fourth Treatment 
Period*

Treatment Periods 
5-10* Total

Aqueous-PREP 18/357 (5.0%) 21/348 (6.0%) 22/265 (8.3%) 21/190 (11.1%) 60/756 (7.9%) 142/1916 (7.4%)
PREPARE – Open 13/218 (6.0%) 6/185 (3.2%) 4/159 (2.5%) 13/174 (7.5%) 5/265 (1.9%) 41/1001 (4.1%)
PREPARE – Closed 14/735 (1.9%) 13/700 (1.9%) 14/593 (2.4%) 8/545 (1.5%) 10/606 (1.7%) 59/3179 (1.9%)
Overall 45/1310 (3.4%) 40/1233 (3.2%) 40/1017 (3.9%) 42/909 (4.6%) 75/1627 (4.6%) 242/6096 (4.0%)

Table 2. Contamination by Treatment Period

*A treatment period is defined as approximately 2 months using one solution
** Unit of analysis was planned fracture surgery
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Duplex Contamination, n (%)
Logistic Regression

OR (95% CI) P-Value
Duplex 1 85 (3.34%) Ref Ref
Duplex 2 82 (4.26%) 1.09 (0.78-1.53) 0.60  
Duplex 3 43 (3.92%) 0.74 (0.49-1.13) 0.17    
Duplex 4 31 (6.74%) 0.66 (0.36-1.18) 0.16    
Duplex 5 1 (1.85%) 0.656 (0.14-3.02) 0.59   

Table 3.  Incidence of Contamination in Each Treatment Duplex

*Treatment Duplex is defined as two months using one solution followed by two months using the other solution.

Figure 3. Contamination by Time from Treatment Crossovers

During enrollment, the incidence of contamination in A-PREP 
and PREPARE were below the thresholds outlined a priori in the trial 
protocol. Variations in contamination between trials were observed 
and may be explained by multiple factors differentiating the trials. 
Aqueous-PREP and PREPARE-Open include open fractures which 
are more frequently treated urgently and outside of standard operating 
hours in comparison to PREPARE-Closed which involves closed 
fractures that can often be scheduled for treatment during standard 
operating hours. Increased surgeries outside of regular operating times 
likely contributed to the increased contamination in open fracture 
patients since less oversight by the research team was available to 
minimize contamination.  Open fractures are also more likely to receive 
multiple surgeries which increases the probability of a patient level 
contamination. Additionally, other specialists who may not be aware 
of the study, such as vascular and plastic surgeons, are more frequently 
involved in the management of open fractures, which likely contributes 
to the increased contamination seen in open fractures.

We also found that the incidence of contamination varies across 
the clusters. The characteristics of the clusters also vary, which may 
help to explain differences. For example, clusters have differing number 
of orthopaedic surgeons (two to 12), number of operating rooms 
for fracture surgeons (one to 32), and fracture volume. Additionally, 
research infrastructure and organization also vary across the clusters, 
which may also contribute to differences in contamination rates across 
clusters. This variation in contamination by cluster also suggests 
that more focused oversight and training may be needed to prevent 
inadvertent contamination at clusters with higher contamination rates.  

We anticipated that increased contamination would be observed 
immediately following the treatment crossover date. There was no 
clustering of contamination immediately following the treatment 
crossover date in Aqueous-PREP and minimal clustering of 
contamination immediately following the treatment crossover date 
in PREPARE-Open and PREPARE-Closed.  Contamination occurred 
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across the entire treatment period for all three cohorts, which suggests that 
they are occurring due to reasons other than the treatment crossover. 

Surprisingly, overall, there were minimal changes in the incidence 
of contamination as the trials progressed, with no trends towards 
increases or decreases in contamination. It may be a result of establishing 
a low initial rate of contamination using a run-in phase which allowed 
clinical sites to establish procedures for preventing contamination.  This 
may also be indicative of a high level of vigilance of study personnel as 
the trial continues.

The study team collaboratively established and implemented several 
strategies to increase adherence to the study solutions and minimize 
the number of contaminations.  This included site initiation visits and 
training, use of a crossover checklist which summarizes the steps to 
take prior to changing treatments (e.g. change posters, email clinical 
team, re-arrange solutions in the operating room), and flexibility in 
the date of the treatment crossover. While clusters were encouraged 
to adhere to their crossover schedule as closely as possible, they were 
permitted to adjust this date if it fell on a date that increased the risk 
of contamination (e.g. weekend, holiday, etc.). The Methods Centre 
evaluated performance monthly and concerns were escalated to the 
local site investigator.  These approaches have likely contributed to the 
low number of contaminations over time. 

There are some limitations with the current analysis, including that 
new clusters are being initiated as the trials are ongoing. This resulted in 
a small number of treatment periods at clusters that initiated enrollment 
later.  This analysis is strengthened by including multiple clusters in 
different settings, including two trials with three different fracture cohorts, 
including both open fractures and closed fracture patient populations, and 
including four different surgical preparation solutions.   

Conclusions
This study describes the success of a novel approach to account 

for seasonal variation in CRXO trials. The PREP-IT trials demonstrate 
that it is possible to maintain an acceptable incidence of treatment 
contamination using the two-month multiple crossover trial design. 
The run-in phase provided a useful opportunity for clusters to work 
through challenges in administering the correct solution. Surprisingly, 
there are minimal changes in the incidence of contamination over 
the treatment periods and over time from treatment crossover.  
There is variation in contamination by cluster, suggesting that more 
focused oversight and training may be needed to prevent inadvertent 
contamination at clusters with higher contamination rates. 
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