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ABSTRACT
Objective Successful clinical trials are subject to
recruitment. Recently, the REJUVENATE trial, a prospective
phase 2a open-label, single-arm interventional clinical
trial conducted within the Innovative Medicines Initiative-
supported Combatting Bacterial Resistance in Europe-
Carbapenem Resistance project, was published, with 85%
of the recruitment performed in Spain. We analysed the
recruitment success in this trial by establishing a model of
recruitment practice.
Methods A descriptive qualitative study was performed
from May 2016 to October 2017 at 10 participating
Spanish centres. Data were extracted from: (1) feasibility
questionnaires to assess the centre’s potential for patient
enrolment; (2) delegation of responsibility records; (3)
pre-screening records including an anonymised list
of potentially eligible and (4) screening and enrolment
records. A descriptive analysis of the features was
performed by the participating centre. Pearson’s and
Spearman’s correlation coefficients were calculated to
determine factors of recruitment success.
Results The highest recruitment rate was observed in
Hospitals 3 and 6 (58.8 and 47.0 patients per month,
respectively). All the study teams were multidisciplinary
with a median of 15 members (range: 7–22). Only
Hospitals 3, 5 and 6 had dedicated nursing staff
appointed exclusively to this study. Moreover, in those
three hospitals and in Hospital 9, the study coordinator
performed exclusive functions as a research planner, and
did not assume these functions for the other hospitals.
The univariate analysis showed a significant association
between recruitment success and months of recruitment
(p=0.024), number of staff (p<0.001), higher number of
pharmacists (p=0.005), infectious disease specialists
(p<0.001), the presence of microbiologist in the research
team (p=0.018) and specifically dedicated nursing staff
(p=0.036).
Conclusions The existence of broad multidisciplinary
teams with staff dedicated exclusively to the study as well

Strengths and limitations of this study
► This study is a retrospective analysis of a prospec-

tive maintained database including all the potential
candidates for a clinical trial.
► All participating hospitals in Spain enrolled in the
REJUVENATE trial were included in this study.
► Other complex aspects in the development of a clinical trial were not analysed, such as patient follow-
ups or funding to protect research time.
► The lack of multivariable analysis to identify independent predictors of the recruitment rate was a
limitation of the study.

as the implementation of a well-designed local patient
assessment strategy were the essential optimisation
factors for recruitment success in Spain.
Trial registration number NCT02655419; EudraCT
2015-002726-39; analysis of pre-screened patients.

BACKGROUND
Currently, evidence-
based medicine relies
on randomised clinical trials (RCTs), to
show the highest level of evidence. However,
these studies are tough, slow and expensive
to perform; they are also often hindered by
subject recruitment pitfalls.1 2 Sometimes,
these trials cannot achieve the estimated
population size. Furthermore, up to 86%
of RCTs have failed to achieve recruitment
targets within their specified time periods.3 4
This situation of suboptimal recruitment can
result in underpowered and inconclusive
studies, increased research costs, delays and
unrepresentative sampling.
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other countries participating in this trial. Nevertheless,
not all the centres in Spain recruited the same number
of patients, although all the hospitals included patients in
the same inclusion period.
Understanding factors associated with recruitment
success in Spain and differences between centres will
facilitate the identification of key strengths or barriers.
This will help in identifying measures to overcome these
barriers, to facilitate the strengths in the future and how to
improve recruitment in other centres. We performed this
qualitative analysis with the aim of identifying the features
of centres with the greatest potential to recruit patients
and to detect potential factors associated with recruitment success. This could facilitate the performance of
other clinical trials in Spain and other countries.

MATERIAL AND METHODS
Study design and data sources
This was a descriptive qualitative study. Trial features in
each centre were retrospectively analysed from 19 May
2016 to 26 October 2017. Data were extracted from:
(1) feasibility questionnaires completed by the centres
in 2015 before patient enrolment to assess the centre’s
potential for patient enrolment; (2) delegation of
responsibility records necessary to document all study
staff members’ important study-related duties; (3) pre-
screening records including an anonymised list of potentially eligible patients according to a subset of selection
criteria (including demographic characteristics such as
age and sex and medical characteristics) that could be
verified retrospectively from available data in the patients’
charts, and any reason(s) for pre-screening failure and (4)
screening and enrolment records including pre-screened
patients that signed the informed consent form but eventually met an exclusion criterion (screened patients), or
when all eligibility criteria were met (enrolled patients).
Principal investigators (PIs) and study coordinators were
also asked to provide additional information if necessary.
Data were extracted from the REJUVENATE study and
approved by Hospital Universitario Virgen del Rocio
Ethical committee with code ATM–AVI D4910C00009.
Variables
The collected factors that might affect enrolment were as
follows: centre-related (centre size in terms of the number
of beds as a proxy of complexity and capability, start date
of recruitment and months of recruitment), and trial
organisation-related (the PI’s medical specialty, previous
RCT experience, protected research time, competing
RCTs, multidisciplinary approach, number of trained
staff in each specialty, designation, dedication of a trial
coordinator and dedicated nursing staff).
Definitions
Pre-
screened patient: This was defined as a patient
reviewed for eligibility.
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Several strategies have been identified to try to solve
these problems: establishing a psychological theory to
identify strategies to increase research participation,5
defining determinants to predict and identify effective
recruitment strategies or developing different surveys to
identify strategies to overcome these problems. Isaksson
et al6 constructed a questionnaire to identify factors that
investigators and collaborators considered important.
Kaur et al7 also developed a survey to gather information
on facilitators and barriers to recruitment that can be
improved in other trials.
The extra time spent on recruitment in addition to
normal duties was often mentioned as a major barrier
to the investigator’s involvement.8 9 Time-constraining
factors include the administrative workloads associated
with clinical trials, discussing the trial with the patients
and patients’ follow-
ups,10 11 in addition to regular
training activities, and continuous study supervision.
Thus, a multidisciplinary approach, having a trial coordinator, or funding to protect research time,12 are described
as facilitators of successful recruitment.
As a result, common reasons for poor or slow recruitment in RCTs need to be considered at various levels,
including the recruiting clinicians, trial centres, trial
organisation and with the patients themselves5 7 13 before
starting the study.
In multicentre clinical trials, variations between centres
or a combination of factors, such as centre size, centre
initiation dates, investigator experience, site capabilities
and infrastructure, institutional resources and target
population access14 should be considered. The study
design is also considered as one of the barriers that may
prohibit a successful and ‘on-time’ recruitment. These
include narrow eligibility criteria or complexity, which
may lead to difficulties in explaining trials to patients.15
The European multicentre REJUVENATE trial successfully recruited the target sample size within the planned
18-month recruitment period.16 This prospective phase
2a open-label, single-arm study (NCT02655419; EudraCT
2015-002726-39) is the first interventional clinical trial
conducted within the Innovative Medicines Initiative
(IMI)-
supported Combatting Bacterial Resistance in
Europe-Carbapenem Resistance (COMBACTE-CARE)
project. COMBACTE projects within the aztreonam–
avibactam (ATM–AVI) programme are characterised by
their complexity in terms of patient identification. The
first dose of study medication was administered within
24 hours after randomisation, and candidates came from
multiple hospital clinical units in which different centres
had organisational variations. The main objective of the
REJVUENATE study was to determine the pharmacokinetics, safety and tolerability of ATM–AVI for the treatment of complicated intra-abdominal infections (cIAIs) in
hospitalised adults. Between 19 May 2016 and 26 October
2017, patients were enrolled across 11 centres in France,
Germany and Spain. Of the 40 patients enrolled in the
REJUVENATE trial, 85% were recruited from Spanish
centres while the remaining 15% were recruited from

Open access

Patient and public involvement
Neither patients nor the public were directly involved in
this research study.
Participating centres
All participating centres in Spain were included in this study,
regardless of whether they enrolled patients or not. To
adopt a similar approach within the national Spain territory,
all study teams and sites received continuous training and
support from the national coordinating team. The Spanish
sites are part of the Spanish Network for Research in Infectious Diseases (REIPI, http://reipi.org/).

Figure 1 Flowchart of the recruitment process at Spanish
sites. APP, application; cIAI, complicated intra-abdominal
infection; ICU, intensive care unit; ID, infectious disease;
Micro, microbiologists; Pharma, pharmacists; PI, principal
investigator.

Screened patient: This was defined as patients that were
reviewed for eligibility, who signed informed consent,
but were not enrolled due to having met some exclusion
criteria.
Enrolled patient: This was when a patient that was
reviewed for eligibility, signed the informed consent, met
all inclusion criteria and met no exclusion criteria.
Recruitment rate: This was defined as the number of
patients enrolled at each centre per month.
Pre-screening rate: This was defined as the number
of patients enrolled divided by the number of patients
pre-screened.
Study coordinator: This was defined as a member of the
study team who managed the RCT at the site level.
Patient enrolment
The scheme of the procedure for patient enrolment in
Spain is summarised in figure 1. Once a potential intra-
abdominal complication was identified through the
screening of potential candidates, there was immediate
communication to the research team and the study coordinator through an encoded app. At that point, the study
coordinator checked from data available in the potential
screened patients) to generate an
patient charts (pre-
anonymised list of potentially eligible patients, including
reason(s) for pre-screening failure. Eventually, if a pre-
screened patient met all the inclusion criteria, and none
of the exclusion criteria, the study would be presented to
this potential candidate. If he/she agreed to participate

Analysis and outcomes
A descriptive analysis of the features was performed by each
participating centre. We assessed the normality of distribution of variables using normal probability plots and the
D’Agostino-Pearson normality test. The dependent variable
for the analysis was the recruitment rate in each hospital.
Pearson’s or Spearman’s rank correlation coefficients were
used to measure the degree of association between two
continuous variables, and the Student’s t-test was used for
categorical dichotomous variables. For all analyses, p <0.05
was considered statistically significant. Data analysis was
carried out using R package stats in R.17

RESULTS
Centre (hospital) features
Centre (hospital) features related to site logistics differed
between participating hospitals and are shown in table 1.
According to the centre size, participating hospitals ranged
from having a large hospital capacity with >1000 beds (Hospitals 3, 6 and 8), to lower capacity with 600–1000 beds (Hospitals 1, 5, 7, 9 and 10), to those with <600 beds (Hospitals 2
and 4).
First, permission to proceed with enrolment was obtained
for Hospitals 3, 5 and 6 in May 2016, with an enrolment period
of 17 months, longer than the period for other hospitals. The
recruitment period ended before Hospital 10 received the
permission to proceed with recruitment. The screening of
patients and pharmacy availability spanned 24/7 in Hospitals 1, 4, 5 and 10. Competing RCTs in cIAI were in place in
Hospitals 1, 2, 3, 4, 7 and 8.
Patient enrolment
A total of 837 patients were pre-screened from May 2016
to October 2017 in 8 out of the 10 Spanish participating
centres. (table 2). Hospital 2 registered the highest number
of pre-screened patients (311/837 patients, 37.7%), followed
by Hospital 5 (167/837, 20.0%) and Hospital 6 (152/837,
18.4%). Of the 31 enrolled patients, 32.2% and 25.8% came
from Hospitals 3 and 6, respectively. No pre-screened patients
were included for Hospitals 9 and 10.
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and signed the informed consent (screened patient), the
study coordinator would communicate it immediately to
the multidisciplinary study team.
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Hospital

No. of months of
No. of beds recruitment

Capacity 24/7

Pharmacy 24/7

Belong to a
RN

Competing RCTs
cIAI

1
2

912
470

8
15

Yes
Yes

Yes
No

No
Yes

2
1

3

1233

17

No

Yes

Yes

1

4

534

14

Yes

Yes

No

2

5

960

17

Yes

Yes

Yes

0

6

1350

17

No

No

Yes

0

7

839

14

Yes

No

Yes

1

8

1146

10

No

No

Yes

2

9
10

728
802

11
0

No
Yes

Yes
Yes

Yes
No

0
0

cIAI, complicated intra-abdominal infection; RCTs, randomised clinical trials; REJUVENATE, Phase 2a open-label, multicentre study to
investigate pharmacokinetics and safety and efficacy of the investigational monobactam/β-lactamase inhibitor combination aztreonam/
avibactam in patients with complicated intra-abdominal infection; RN, research network.

The overall pre-screening rate was 3.7%, ranging from
<1% (Hospitals 2 and 8) to 12.2% (Hospital 3) and excluded
those in which the pre-screening rate was not applicable
(NA). The recruitment rate ranged from zero patients per
month (Hospitals 8, 9 and 10) to 58.8 patients per month
(Hospital 3).
The highest recruitment rate was observed in Hospitals 3
and 6 (58.8 and 47.0 patients per month, respectively).

Hospitals 1 and 10. A median of four ID specialists were
observed (range: 1–7).
Only Hospitals 3, 5 and 6 had dedicated nursing staff
appointed exclusively to this study.
In Hospitals 3, 5, 6 and 9 the study coordinator performed
exclusive functions as a research planner and did not assume
these functions at other hospitals (sub-investigator or study
nurse).

Research teams
The PI had prior experience in RCTs in all Hospitals. Only
PIs from Hospitals 5 and 7 were surgeons, compared with
infectious disease (ID) clinicians in other centres (table 3).
All the study teams were multidisciplinary and were made
with a median of 15 (range: 7–22) persons (table 3). In
general, at least one (range: 1–5 (Hospital 6)) surgeon was
part of the research team, with no surgeon designated for

Factors associated with recruitment success
The univariate analysis (table 4) showed a significant
association between recruitment success and months
of recruitment (p=0.024), number of staff (p<0.001),
higher number of pharmacists (p<0.001), ID specialists
(p<0.001), specifically dedicated nursing staff (p=0.036)
and the participation of clinical microbiologists
(p=0.018). In a sub-analysis including only those hospitals

Table 2 Patient enrolment by participating hospitals in the REJUVENATE study, Spain
Hospital

Pre-screened

Screened

n (% of total)

n (% of total)

Enrolled

Pre-screening rate (%)

Recruitment rate (enrolled
patients per month)

1
2

15 (1.8)
311 (37.7)

1 (2.9)
2 (5.9)

1 (3.2)
2 (6.4)

6.7
0.6

12.5
13.3

3

82 (9.9)

11 (32.4)

10 (32.2)

12.2

58.8

4

46 (5.6)

4 (11.8)

3 (9.7)

6.5

21.4

5

167 (20.2)

6 (17.6)

5 (16.1)

3

29.4

6

152 (18.4)

8 (23.6)

8 (25.8)

4.8

47.0

7

53 (6.4)

2 (5.9)

2 (6.4)

5.3

14.2

8

11 (1.3)

9
10
Total

0

0

0

0

0

0

0

NA

0

0
837

0
34

0
31

NA
3.7

0
NA

NA, not applicable; REJUVENATE, Phase 2a open-label, multicentre study to investigate pharmacokinetics and safety and efficacy of the
investigational monobactam/β-lactamase inhibitor combination aztreonam/avibactam in patients with complicated intra-abdominal infection.
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Table 1 Hospital features related to site logistics in the REJUVENATE study, Spain

Open access

PI ID

PI
surgeon

RCTs
experience*

Number
of staff

Anest

Surg

ID

Micro

Pharma

Nurses

Nursing
dedicated

1

Yes

No

12

10

0

0

2

1

2

4

No

2

Yes

No

15

17

1

2

4

3

3

3

No

3

Yes

No

10

21

0

2

7

3

3

4

Yes

4

Yes

No

15

12

0

1

3

2

2

2

No

5

No

Yes

7

15

0

1

4

2

2

4

Yes

6

Yes

No

3

22

0

5

5

2

4

4

Yes

7

No

Yes

1

11

0

1

1

3

1

5

No

8

Yes

No

10

9

0

2

2

1

1

2

No

9

Yes

No

3

12

0

2

2

1

1

4

No

10

Yes

No

2

7

0

0

3

0

1

1

No

Hospital

*RCTs experience of the principal investigator in the last 5 years.
†
‡
Anest, anaesthetists; ID, infectious diseases; Micro, microbiologists; Pharma, pharmacists; PI, principal investigator; RCTs, randomised
clinical trials; REJUVENATE, Phase 2a open-label, multicentre study to investigate pharmacokinetics and safety and efficacy of the
investigational monobactam/β-lactamase inhibitor combination aztreonam/avibactam in patients with complicated intra-abdominal
infection; Surg, surgeons.

Table 4 Univariate analysis of features associated with recruitment success in the REJUVENATE study, Spain
Variable

R

95% CI

P value

Number of beds

0.552

−0.118 to 0.877

0.097

Months of recruitment

0.700

0.125 to 0.923

0.024

RCT experience

0.089

−0.572 to 0.681

0.804

−0.143

−0.709 to 0.534

0.691

Number of staff

0.875

0.548 to 0.970

0.000

Pharmacists

0.794

0.331 to 0.944

0.005

0.584 to 0.973

0.000

RCT experience (PI last 5 years)

Infectious disease
 

0.887
rho

95% CI*

Microbiologists

0.719

0.105 to 0.947

0.018

Surgeons

0.296

−0.547 to 0.860

0.406

Nurses

0.433

−0.115 to 0.880

0.210

Study coordinator

0.346

0.188 to 0.818

0.327

 

T

95% CI

Capacity 24/7

0.710

−36.20 to 58.90

0.522

Pharmacy 24/7

−0.131

−33.59 to 30.05

0.898

Belongs to a research network

−0.851

−63.34 to 40.99

0.477

0.232

−29.27 to 34.42

0.828

PI-Surgeon

−0.233

−34.42 to 29.27

0.828

Nursing dedicated

−3.969

−68.02 to −4.618

0.036

Study coordinator dedicated

−1.784

−62.81 to 15.61

0.160

PI-ID

*CI for Spearman’s rho was calculated by bootstrapping (1000 replicates).
ID, infectious disease; PI, principal investigator; R, Pearson’s correlation coefficient; RCT, randomised clinical trial; REJUVENATE, Phase
2a open-label, multicentre study to investigate pharmacokinetics and safety and efficacy of the investigational monobactam/β-lactamase
inhibitor combination aztreonam/avibactam in patients with complicated intra-abdominal infection; rho, Spearman’s correlation
coefficient; T, Student’s t-test.
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Table 3 Centre features related to the research team in the REJUVENATE study, Spain
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DISCUSSION
Recruitment of appropriate patients in a timely manner
can be considered the Achilles’ heel of a clinical
successful trial. After analysing success in pre-screening
and screening of patients in the Spain REJUVENATE
study,16 this work revealed the importance of maintaining
recruitment activity over time, the number of members in
the research team and the importance of including pharmacists, ID doctors, clinical microbiologists and research
nursing staff as members in a well-defined and engaged
multidisciplinary team involved in the recruitment of
patients.
Several different healthcare professionals working
together positively impact the implementation of a clinical trial. Daykin et al2 selected a purposive sample of
active trials from the Health Technology Assessment
Programme of the National Institute for Health Research
(United Kingdom) portfolio between 2014 and 2015,
to conduct semistructured interviews with several trial
team members. They suggested that the role of trial
staff and their underlying behaviours influence recruitment and retention practices. Thus, the incentives, the
researchers’ ‘moral compass’ and the staff’s prior experience are key factors in improving recruitment. This
approach to teamwork is of special importance in the
context of anti-infective studies where severity of illness
and urgency of treatment, among others, may add further
complexity to the implementation of the study. In this
context, acute patients may present to the hospital across
several departments and at any time of the day and night.
A close cooperation of a multidisciplinary team will be
essential to dealing with the complexity of coordinating
different aspects of these studies. These aspects include
restrictive eligibility criteria, clinical status of patients,
timing of surgery, adequate baseline microbiology specimens, complex dosing regimens and pharmacokinetics.
Involving colleagues from different fields is considered
important for enhancing the clinician researcher’s motivation. In addition, maintaining recruitment activity over
time has been shown to maximise recruitment because it
maintains the enthusiasm for recruiting the subjects.4 8 In
our study, the number of patients recruited was higher in
those sites with a higher number of investigators: Hospitals 3 and 6 had 21 and 22 investigators, respectively.
Other published works focusing on the challenges of
recruitment during prospective trials18–22 discuss the
possibility of monetary incentives for patients, and the
differences in views, beliefs and experiences of team
members are also considered. Donovan et al21 addressed
the problems from research nurses’ point of view. The
extra workload associated with participation in clinical
trials is also a limiting factor for patient recruitment.3 23
6

Thus, the meta-analysis performed by Treweek et al3 shows
the importance of the exclusive dedication to research
of participating clinicians, as well as the involvement of
research networks. The use of staff with protected time for
research has been previously shown to improve recruitment performance in RCTs.4 8 12 In the REJUVENATE
study, top-recruiting sites in Spain (Hospitals 3, 5 and 6)
included nurses specifically dedicated to the project. The
two sites (Hospitals 3 and 6) with the highest recruitment
rate were those that had the least largest number of staff
including nursing staff exclusively dedicated to the study
In the current work, teams comprising of more investigators across more departments had a higher recruitment rate than others. Furthermore, teams composed
of more pharmacists, ID specialists and microbiologists
showed a higher recruitment success. In addition, top-
recruiting sites included nurses specifically dedicated to
the project. In a well-endowed and coordinated multidisciplinary team, the distribution of tasks is clear and
more acceptable by each team member. However, in
teams with limited staff or without good coordination,
the inclusion of the first patient is so difficult that it does
not motivate the inclusion of many more patients.4 8 Lack
of active involvement of the PI is another possible reason
why no patient was included in several Spanish hospitals,
reflecting the importance of the clinician’s engagement
as a crucial step in the recruitment process.8
Pre-screening activities to determine the initial patients’
eligibility into a clinical study is common practice and is
considered a great strategy to optimise any patient recruitment campaign.24 These activities are often performed
variably across multicentre global studies and require a
high level of staff resources to deliver. Pre-screening may
involve several initiatives across a hospital site to ensure
that no potential patient is missed, such as daily database
surveillance or theatre/admission lists. In addition, it will
allow the researcher to assess the recruitment plan and
to detect early unanticipated barriers to recruitment,
such as an individual’s ability to come to the research site
multiple times.
However, recruiting appropriate participants for a
specific study under a tight timeline, especially in acute
settings, requires strategic planning to increase efficiency,
reduces the enrolment period and minimises protocol
deviations. Therefore, with an effective pre-
screening
plan that should include a clear definition, we can ensure
that pre-screened patients meet the more general inclusion criteria (eg, adult hospitalised to be operated for
cIAI). Thus, sites can make this process more efficient
and ensure that they identify the right candidates for
their study. During the pre-
screening period, most of
those subjects who may not meet a simple inclusion criterion for the study can be excluded.
The implementation of pre-
screening procedures as
part of the subject selection and recruitment process in
the REJUVENATE study16 was highly promoted by the
national coordinating team. Although there were differences across the participating sites, defined strategies

Jimenez-Rodriguez RM, et al. BMJ Open 2022;12:e051187. doi:10.1136/bmjopen-2021-051187

BMJ Open: first published as 10.1136/bmjopen-2021-051187 on 3 February 2022. Downloaded from http://bmjopen.bmj.com/ on February 3, 2022 by guest. Protected by copyright.

with permission to proceed with recruitment (Hospitals
1–9), the same features were significantly associated with
recruitment success apart from the number of microbiologists (p=0.066) (online supplemental table S1).
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CONCLUSION
In conclusion, the creation of a well-
endowed multidisciplinary team with staff dedicated exclusively to the
study as well as the implementation of a well-designed
local patient assessment strategy are cornerstones of the
success of patient recruitment in antibiotic clinical trials.
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