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Abstract

Background: Esophageal resection is associated with a high incidence of postoperative pneumonia. Respiratory
complications account for almost half of the readmissions to the critical care unit. Postoperative complications can
result in prolonged hospital stay and consequently increase healthcare costs. In cardiac surgery a preoperative
inspiratory muscle training program has shown to prevent postoperative pneumonia and reduce length of hospital
stay. While in some surgical centers inspiratory muscle training is already used in the preoperative phase in patients
undergoing esophageal resection, the added value of this intervention on the reduction of pulmonary
complications has not yet been investigated in large surgical populations other than cardiac surgery in a
randomized and controlled study design.

Methods/Design: The effect of a preoperative inspiratory muscle training program on the incidence of
postoperative pneumonia in patients undergoing esophageal resection will be studied in a single blind multicenter
randomized controlled trial (the PREPARE study). In total 248 patients (age >18 years) undergoing esophageal
resection for esophageal cancer will be included in this study. They are randomized to either usual care or usual care
with an additional inspiratory muscle training intervention according to a high-intensity protocol which is performed
with a tapered flow resistive inspiratory loading device. Patients have to complete 30 dynamic inspiratory efforts twice
daily for 7 days a week until surgery with a minimum of 2 weeks. The starting training load will be aimed to be 60% of
maximal inspiratory pressure and will be increased based on the rate of perceived exertion.
The main study endpoint is the incidence of postoperative pneumonia. Secondary objectives are to evaluate the effect
of preoperative inspiratory muscle training on length of hospital stay, duration of mechanical ventilation, incidence of
other postoperative (pulmonary) complications, quality of life, and on postoperative respiratory muscle function and
lung function.
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Discussion: The PREPARE study is the first multicenter randomized controlled trial to evaluate the hypothesis that
preoperative inspiratory muscle training leads to decreased pulmonary complications in patients undergoing
esophageal resection.

Trial registration: NCT01893008.
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Background
The numbers of esophageal cancer patients are increas-
ing worldwide. The incidence of esophageal cancer is
increased by 50% in the past two decades [1]. Surgical
resection, mostly preceded by neoadjuvant chemoradio-
therapy, is regarded the only curable option for esopha-
geal cancer [2]. While the in-hospital mortality rate is
below 5% after this surgery, several studies report in-
hospital postoperative pneumonia rates around 30% [2-4].
Respiratory complications account for almost half of the
readmissions to critical care units [5] and the development
of pneumonia is associated with a mortality of 20% com-
pared with 3% among patients free of pneumonia [6].
Besides increased mortality, the high rate of pneumonia re-
sults in increased length of stay in the intensive care unit
(ICU) and in the hospital [7,8] which results in increased
and prolonged use of medical care, with subsequent conse-
quences for healthcare costs. Therefore, preventing pneu-
monia is better than curing pneumonia.
Several factors associated with esophageal resection,

such as diaphragmatic dysfunction as a result of intra-
thoracic manipulation of tissue, perioperative lung col-
lapse, mechanical ventilation, and supine positioning, can
increase perioperative ventilatory demand [9]. When the
ventilatory demand (or workload) exceeds the ventilatory
capacity (or ability), this imbalance can lead to ventilatory
pump failure. Following, ventilatory pump failure can re-
sult in alveolar hypoventilation which may progress to re-
spiratory failure, pneumonia, or even death [9].
Physical therapy interventions to prevent pneumonia

and other postoperative pulmonary complications (PPCs)
often focus on postoperative prophylaxis using various re-
spiratory techniques and devices [10-12]. A relatively new
physical therapy intervention to prevent PPCs and pneu-
monia is preoperative inspiratory muscle training (IMT).
IMT is performed with an inspiratory loading device and
results in increased strength and endurance of the inspira-
tory muscles [13-15]. Since the ventilatory capacity partly
depends on optimal respiratory muscle performance, in-
creased inspiratory muscle function may lead to improved
ventilatory capacity [9]. The hypothesis is that when IMT
is applied in the preoperative phase of esophageal resec-
tion it may prevent the imbalance between ventilatory
demand and ventilatory capacity resulting in a reduc-
tion of PPCs.
A large randomized controlled trial (RCT) found that
IMT before coronary bypass surgery significantly reduced
PPCs and length of hospital stay. PPCs, including pneu-
monia, were reduced by over 50% in patients at high risk
of developing pulmonary complications [13]. In abdom-
inal surgery beneficiary effects are reported on the inci-
dence of atelectasis [16].
While in some surgical centers IMT is already used in

the preoperative phase in patients undergoing esopha-
geal resection, the effect of this intervention has not yet
been investigated in a randomized controlled study in
large surgical populations other than cardiac surgery.
One non-randomized pilot study concluded that IMT is
feasible and well tolerated before esophageal resection
but did not show an effect on postoperative pulmonary
outcome or length of hospital stay [15].
This article provides a detailed description of the back-

ground, the targeted population, and study methodology
of the PREPARE study (preoperative inspiratory muscle
training to prevent postoperative pneumonia in patients
undergoing esophageal resection), a multicenter RCT in-
vestigating the effect of preoperative IMT in esophageal
resection candidates.

Methods/Design
Study objectives
The primary objective is to evaluate the effect of pre-
operative IMT in addition to usual care, compared to
usual care without IMT, in patients undergoing esopha-
geal resection on the incidence of postoperative pneu-
monia. Secondary objectives are to evaluate the effect of
preoperative inspiratory muscle training on length of
hospital stay, duration of mechanical ventilation, inci-
dence of other postoperative (pulmonary) complications,
quality of life, and on postoperative respiratory muscle
function and lung function.

Study design and setting
This study is conducted as a single-blind multicenter
RCT and will be coordinated by the University Medical
Center Utrecht (UMCU) (Department of Rehabilitation,
Nursing Science & Sports and Department of Surgery).
Patients are randomly assigned to either care as usual
without IMT or to IMT as an addition to care as usual.
The randomization procedure is performed by a flexible

http://www.clinicaltrials.gov/ct2/results?term=NCT01893008&Search=Search
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web-based randomization system. The assignment se-
quence will be concealed. Randomization is stratified
by center and minimization techniques are applied for
surgical technique (transhiatal esophageal resection, trans-
thoracic esophageal resection, minimally invasive esopha-
geal resection).
This study is funded by ‘NutsOhra Foundation’ and

‘The Friends of the UMC Utrecht Foundation’, and will
be conducted in accordance with the principles of the
Declaration of Helsinki and Good Clinical Practice Guide-
lines. The independent ethics committee of the UMCU
has approved the study. Written informed consent will be
obtained from all participating patients.

Study population
All patients diagnosed with esophageal cancer and sched-
uled for esophageal resection with gastric conduit re-
construction by either a transhiatal esophageal resection
(THE), a transthoracic esophageal resection (TTE), or min-
imally invasive (robot-assisted or conventional) thoraco-
laparoscopic esophageal resection (MIE) are considered
eligible for inclusion.
Further inclusion criteria are: (1) the patient is (cogni-

tively) capable to understand and perform a preoperative
IMT program; (2) the operation is scheduled at least
2 weeks after signing informed consent, since the pa-
tients need to be able to follow the intervention program
for at least 2 weeks; and (3) the patient is willing to sign
the informed consent form.
Patient are excluded based on the following criteria:

(1) the patient is unable to communicate in the Dutch
language; (2) age <18 years; and (3) the patient is participat-
ing in a conflicting trial concerning esophageal resection.

Recruitment and informed consent
Patients are recruited from eight esophageal resection
hospitals (in The Netherlands: Atrium Medical Center
Heerlen, Canisius Wilhelmina Hospital Nijmegen, Reinier
de Graaf Group Delft, University Medical Center Utrecht,
VU Medical Center Amsterdam, Hospital Group Twente
Almelo; in Belgium: University Hospital Gasthuisberg
Leuven; and in Ireland: St. James’s Hospital Dublin). In
every participating center one oncological surgeon and
one physical therapist (PT) are the contact people for the
coordinating researcher. Inclusion takes place for a period
of approximately 1 year (September 2013 to August 2014).
The local oncological surgeon determines whether a pa-
tient is eligible for inclusion in the PREPARE trial based
on the inclusion criteria. At the start of the chemoradia-
tion period or at the time the patient is informed about
the planned surgery (when chemoradiation is not indi-
cated), the surgeon informs the patient about the trial and
hands over the trial information letter. After at least 5 days
the patient is contacted by phone. When the patient is
motivated to participate, an appointment with the local
assessor is scheduled (after the chemoradiation period) for
signing the informed consent form and completing the
baseline measurements. The baseline measurement is
followed by randomization, and the IMT instruction for
patients in the intervention group. Both performed by the
involved PT.

Baseline assessment and follow-up measurements
The patient characteristics age, weight, height, gender,
daily work, highest education, civil status, and preopera-
tive physical therapy guidance (outside trial context) are
prospectively recorded by means of a standardized inter-
view during the baseline assessment. Data obtained from
the patients’ medical records include history of COPD,
smoking, pneumonia, diabetes mellitus, productive cough
and cardiac events, tumor location, neoadjuvant treat-
ment, prophylactic antibiotics, American Society of Anes-
thesiologists (ASA) score, admission and discharges dates,
operation technique.
To evaluate the effect of IMT on respiratory muscle func-

tion and lung function, participants undergo measurements
at five time points (baseline (T0), the day before surgery
(T1), and during hospital stay on postoperative day 3 (T2),
day 6 (T3), and day 9 (T4)). To determine an effect of IMT
on quality of life (QoL) the EuroQol-5D and the SF-12 are
assessed at baseline and 4 weeks after surgery. See for
detailed description the paragraph secondary endpoints.

Usual care
Surgical usual care in all Dutch centers consists of 5 to
6 weeks of preoperative chemoradiotherapy according to
the CROSS group protocol [2]. In the centers in Belgium
and Ireland, a different chemoradiotherapy schedule is
used which is indicated on the tumor stage. The chemo-
radiotherapy schedule is followed by a recovery period of
4 to 8 weeks, depending on the recovery of the patient
and waiting time for surgery per center. Patients not re-
ceiving chemoradiotherapy, will be placed on a waiting list
for surgery which is in general at least 4 weeks. Physical
therapy usual care in the preoperative phase can consist of
‘a preoperative instruction about postoperative physical
therapy involvement’, ‘preoperative advice to stay active or
seek training guidance’, ‘preoperative exercise guidance’,
or ‘no involvement until surgery’. Centers where preopera-
tive IMT is currently part of usual care for all or a selected
group of patients adapt to the PREPARE protocol and re-
lease IMT from their usual care. Patients assigned to the
control group will only receive usual care.
Postoperatively physical therapy involvement can con-

sist of respiratory physical therapy and physical therapy to
facilitate early mobilization and independent functioning
in activities of daily living. The differences in usual care
per center is carefully registered.



Table 1 The Utrecht Pneumonia scoring system [22]

Diagnostic determinant Values Score

Temperature (°C) ≥ 36.1 and ≤ 38.4 0

≥ 38.5 and ≤ 38.9 1

≥ 39.0 and ≤ 36.0 2

Leukocyte count [×109/L] ≥ 4.0 and ≤ 11.0 0

< 4.0 or > 11.0 1

Pulmonary radiography No infiltrate 0

Diffused (or patchy) infiltrate 1

Well-circumscribed infiltrate 2
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Intervention
Patients included in the intervention group receive an
IMT program as an addition to usual care, starting in
the recovery period after chemoradiotherapy. Patients
not receiving chemoradiotherapy, start with the IMT
program during the waiting period before surgery. IMT
instructions are given by a specially instructed PT. The
intervention used in this study entails the use of a tapered
flow resistive inspiratory loading device: the POWER-
breathe K3-series, an electronic IMT, and monitoring
system [17]. It allows storing the data of the unsupervised
training sessions to control compliance with the treatment.
The IMT intervention is based on the protocol of Bailey

et al. [18]. This protocol is tailored individually. Starting
inspiratory load is aimed at 60% of the measured maximal
inspiratory pressure (Pimax). The load is incrementally in-
creased based on the rate of perceived exertion (RPE)
scored on a scale from 0 to 10 which is scored by the pa-
tient after each training session [19,20]. When patients
score an RPE below 7, the inspiratory load of the threshold
device will be increased with 5% by the patient. Patients
have to complete 30 dynamic inspiratory efforts twice daily.
All patients in the intervention group are instructed

during a face-to-face instruction session, will train at
home 7 days a week for at least 2 weeks and continue
training until surgery. Additionally, patients receive an
instruction movie to watch at home and a training diary
where the use of the inspiratory muscle trainer is illus-
trated step by step. Training results (RPE, level, load,
power, volume, t-index) are recorded by the patients in
the training diary after each training session. After the
instruction session, the PT contacts the patient by phone
after 3 days. When the training is not performed as
instructed, the PT makes a follow-up appointment with
the patient to repeat the instruction. Subsequently, train-
ing progress is evaluated during a weekly telephone con-
sultation by the PT until surgery. At the end of the
training period, IMT will be evaluated with a question-
naire. All involved PTs guiding patients during the IMT
period received education and training during a meeting
on the theory and practice of IMT organized by the re-
search group.

Blinding
The PREPARE study is a single blind randomized con-
trolled trial. The local assessors (performing the informed
consent procedure and the baseline and follow-up mea-
surements), the surgeons, and other medical staff are
blinded for group allocation. The patient and the PT (per-
forming the randomization and guiding the intervention
group) are not blinded for group allocation.
Patients in both groups will be informed that the

PREPARE study aims to investigate the effect of a pre-
operative (home-based) IMT program on the reduction of
postoperative pneumonia. The intervention group add-
itionally receives detailed information about the interven-
tion like timing, frequency, and intensity of the training.
Included patients will not have contact with each other
within the context of this trial.

Primary endpoint
The primary outcome of the study is the incidence of
postoperative pneumonia, as this is the most frequently
occurring complication after esophageal resection and is
an important cause of increased morbidity and mortality
[6,21]. Pneumonia is defined according to the definition
of the Utrecht Pneumonia Scoring System (UPSS) [22].
The UPSS corresponds with the clinical practice proce-
dures for diagnosing pneumonia. Temperature, leukocyte
count, and chest radiography are determinants that can
objectively be assessed to diagnose pneumonia.
A score of 2 points or more (with at least 1 point

assigned based on radiography) indicates treatment for
pneumonia [22]. The UPSS variables will be scored in
the participating centers on each day a pulmonary radi-
ography has been performed. At the end of the trial, all
chest radiographs will be reassessed by one blinded and
independent radiologist. These scores will be used to de-
termine the diagnosis of pneumonia in the context of
this trial (Table 1).

Secondary endpoints
To evaluate the effect of IMT on respiratory muscle
function and lung function, participants will undergo
measurements at five time points (baseline (T0), the day
before surgery (T1), and during hospital stay on postop-
erative day 3 (T2), day 6 (T3), and day 9 (T4) (Figure 1)).
Forced expiratory volume in 1 second (FEV1) and forced
vital capacity (FVC) are assessed using a portable spirom-
eter. Respiratory muscle function will be evaluated using
maximal inspiratory pressure (Pimax) and inspiratory muscle
endurance (Piend). Pimax is measured at the mouth with a
forceful inspiratory maneuver at residual volume. To
measure Piend patients will be asked to breathe against an
inspiratory load of 70% Pimax until task failure (with a
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Figure 1 Flowchart of PREPARE procedures.
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minimum of 3 minutes and a maximum of 7 minutes at
baseline). All measurements are performed in the seated
position.
To determine an effect of IMT on quality of life (QoL)

the EuroQol-5D and the SF-12 are assessed at baseline and
4 weeks after surgery. Postoperative pulmonary complica-
tions other than pneumonia are scored postoperatively (for
example, positive sputum cultures) as well as other postop-
erative complications (anastomotic leakage, chylus leakage,
wound infection, cardiac complications, sepsis, vocal cord
paralysis, critical illness polyneuropathy).
Other secondary endpoints are in-hospital mortality,

length of postoperative hospital stay (starting on the day of
surgery), mechanical ventilation time (number of hours
spent on the mechanical ventilator during and directly fol-
lowing the primary surgery), and number of re-intubations.

Other outcome measures
The following variables will be obtained from the patients’
medical records: discharge location (home, rehabilitation
center, nursing home, other hospital, hospice), operation
details (duration, location, technique, anastomosis, single/
double lung ventilation, use of mini-tracheal cannula, blood
loss, re-operation), mechanical ventilation details (duration,
re-intubation), tumor type, Mandard score (tumor
regression grade), classification of malignant tumors
(TNM score), and date of first postoperative mobilization
(active, standing aid, passive lift).

Education and monitoring
All involved healthcare providers are well informed
about the study procedures. Surgeons and specialized
nurses providing the initial information about the PRE-
PARE trial are personally informed about the aims and
procedures of the study and their tasks within the trial by
the coordinating researcher. The research group organized
an afternoon meeting where the local assessors and PTs
attended practical workshops about the procedures and
use of all equipment. Additional written information is
provided as well. Study procedures will be monitored by
an independent monitor in the coordinating center and by
the coordinating researcher in the participating centers
during multiple monitoring visits (at the start of the trial,
after the first three completed patients, after 1 year, and at
the end of the trial).

Sample size calculation
Sample size is calculated based on an expected reduction
of 50% on the incidence of postoperative pneumonia [13].
Assuming a 30% incidence of postoperative pneumonia
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after esophageal resection in the control arm and using a
significance level of 0.05 and a power of 80%, 118 patients
are required in each arm [2,15,23]. Taking into account a
5% in-hospital mortality rate after surgery, approximately
124 patients per arm need to be included (248 patients
in total).

Statistical analyses
Data analyses will be performed in accordance with the
intention to treat principle. IBM SPSS statistics software
(version 20 or higher) will be used for data analyses. A
two-sided P value of less than 0.05 is regarded to be sta-
tistically significant. Analyses will be adjusted for center.
Literature shows that the odds ratio (OR) can be inter-

preted as relative risk (RR) when the incidence of the
outcome is < 10%. When the incidence is high, the OR
can overestimate the RR [24-26]. Therefore, analyses of
dichotomous variables will be performed using logistic
regression analysis when the incidence is ≤ 10% and with
Log-binomial regression analysis in the case of an incidence
of > 10%. The incidence of pneumonia will be compared
between the two groups and results will be presented as
OR or RR with a 95% confidence interval (CI). The risk dif-
ference and numbers needed to treat will also be calculated
when significant differences are found between groups.
For the continuous secondary outcome measures dur-

ation of mechanical ventilation and length of stay (ICU
and total), survival analysis (Cox proportional hazards re-
gression model) will be used to determine differences in
time to extubation and discharge. For the categorical sec-
ondary outcome measures other pulmonary complications
and in-hospital mortality the OR or RR will be calculated.
Other outcomes (for example, lung function, respiratory
muscle function, quality of life) will be compared be-
tween groups using linear regression for parametric
data or the Mann–Whitney U Test for non-parametric
data. To determine differences between time points in
lung function and respiratory muscle function, results will
be analyzed using the repeated measurements method
(General Linear Modeling Repeated Measures). In case of
missing measurements or covariates, multiple imputations
will be performed.

Discussion
The high incidence of pneumonia has large impact on
postoperative outcomes after esophageal resection. Mor-
tality rates are significantly higher compared to patients
without pneumonia (20% versus 3%) [6] and the use of
healthcare is substantially increased by extended duration
of hospital stay associated with increased healthcare costs
[5,7,8]. Furthermore, postoperative complications have a
negative influence on long-term quality of life [27,28]. Less
invasive surgical techniques attribute significantly to de-
creasing this high impact complication which is of high
clinical relevance [4]. Preoperative IMT resulted in a re-
duction of 50% of postoperative pneumonia in cardiac sur-
gery patients and might be a promising intervention to
further reduce the incidence of postoperative pneumonia
after esophageal resection [13]. The PREPARE study is the
first multicenter RCT investigating the effect of this inter-
vention in esophageal resection candidates.
Methodological decisions of the PREPARE trial are

compared with strengths and weaknesses of other stud-
ies (since 2000) investigating the effect of preoperative
IMT (Table 2).
The PREPARE trial is the first study investigating the

effect of preoperative IMT in a multicenter design. Des-
pite increasing numbers of people with esophageal can-
cer, the number of patients undergoing esophageal
resection surgery per surgical center are relatively low.
To guarantee enough statistical power without the neces-
sity of including patients for several years, a multicenter
design was inevitable. The benefit of a multicenter design
is that it optimizes external validity of the study allowing
better generalization of the results. Furthermore, when
IMT proves to be successful, information and practical ex-
perience of the intervention is already spread in several
hospitals making implementation of IMT in routine care
easier. The disadvantage of a multicenter trial is the hand-
ling with differences in daily care procedures. Every par-
ticipating center has its own surgical and physical therapy
protocol making the usual care in every center unique.
However, by stratifying and randomizing per center, these
differences in usual care will be evenly divided between
both groups. Therefore the benefits of a multicenter ap-
proach weigh up to the disadvantages.
Besides the question whether a preoperative IMT pro-

gram results in lower incidence of postoperative pneumo-
nia, it is also relevant to investigate the causal mechanism
of how IMT results in less pneumonia. When IMT is ap-
plied in the preoperative phase it may prevent pulmonary
complications by decreasing the postoperative imbalance
between increased ventilatory demand and decreased
ventilatory capacity. The PREPARE protocol therefore
included postoperative follow-up measurements of re-
spiratory muscle and lung function, like the study of
Dettling et al. [15]. The measurements will show whether
the effects of preoperative IMT are still present in the
postoperative phase and provide data for exploratory ana-
lyses on the possible working mechanism of how IMT
may prevent PPCs.
The PREPARE study is the only study reporting a

priori sample size calculation, and is unique in esopha-
geal resection candidates with sufficient statistical power
to show reductions in pneumonia events. All esophageal
resection candidates are included in the PREPARE trial
without considering individual risk for PPCs since at
this point little is known about which patients will



Table 2 Overview of preoperative inspiratory muscle training studies

PREPARE trial Dettling [15] Agrelli [29] Hulzebos [13] Savci [30] Dronkers [16] Barbalho-Moulim [31] Kulkarni [32]

Study population Esophageal resection Esophageal
resection

Esophageal
resection

Cardiac surgery Cardiac
surgery

Upper abdominal
surgery

Open bariatric surgery Major abdominal
surgery

Number of (anticipated)
included patients

(248) 83 20 279 43 20 22 80

Sample size calculation + - - - - - - -

Randomization Individual - - Individual Individual Individual Individual Individual

Control group without IMT + + - + + + + +

Pilot-study - + + - - + - +

Blinding Primary and secondary
outcomes

- - Primary outcome - Primary outcome - -

Multicenter + - - - - - - -

Stratification Center and surgical
technique

- - - - - - -

Pulmonary risk stratification - - - + - + - -

Intervention

Duration of preoperative IMT 2-6 weeks 2 weeks 4 weeks > 2 weeks 5 days > 2 weeks 2-4 weeks 2 weeks

Supervised training sessions 1 1/week 1/week 1/week 5 sessions 1/week 1/week 1/week

High intensity program
(≥ 60% MIP)

+ - - - - - - -

Outcome

PPCs + + - + - + - -

Respiratory muscle function
(pre-/postoperative)

+/+ +/+ +/− +/− +/+ +/− +/+ +/+

Lung function
(pre-/postoperative)

+/+ −/− +/− −/− +/+ −/− +/+ +/+
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benefit the most from preoperative IMT. This is in con-
trast with two earlier studies who selected candidates
for preoperative IMT based on a risk score for PPCs
[13,16].
IMT is a simple intervention that is well tolerated by

patients [33]. The researchers have chosen a home-
based IMT program with guidance from a distance using
weekly telephone consultations. This deviation of the
other protocols where one training session a week is su-
pervised (see Table 2) was chosen to decrease the burden
for the patients and to increase inclusion rates. Patients
often have to travel 30 minutes or more to reach the
hospital. The standpoint of the PREPARE trial is that the
intervention should fit in with daily care practice and
with daily life of the patient. A weekly in-hospital phys-
ical therapy session of no more than 30 minutes (one
high intensity training sessions of 30 breaths will take no
more than 5 minutes) will discourage patients to partici-
pate in the trial or in an IMT program in general. Based
on years of experience in guiding patients in performing
their home-based IMT program, the PREPARE team pre-
sumes that clear instructions at baseline, an instruction
video and the weekly telephone consultations should be
sufficient to guide the patients and to monitor patient
compliance. Furthermore, the memory of the digital in-
spiratory muscle trainer (POWERbreathe K3-series) en-
ables the PTs to compare the last 36 trainings sessions
with the recorded data in the patient diary which enables
a supplementary check on patient compliance and ad-
equate adjustment of the training load.
The PREPARE study is the first to use a high intensity

training protocol in the preoperative phase. Based on
promising results in healthy adults [34] and patients
with COPD [14] the PREPARE team chose to use a high
intensity training program proposed by Bailey et al. [18].
The protocol of 30 breaths twice daily is easy to perform
unsupervised and will take only a few minutes per train-
ing session, possibly resulting in higher compliance to
this specific training. The broad range of 5 to 200 cm
H2O of the inspiratory load of the POWERbreathe
equipment makes it possible to set the load for each in-
dividual. Other advantages of the POWERbreathe equip-
ment is the tapered flow resistive loading, the gradually
increasing load during the first three inspirations, the re-
cording of the average load, average power, average vol-
ume, and training index (training effectiveness).
In conclusion, this multicenter RCT will investigate

the hypothesis that preoperative IMT is associated with
reduced postoperative pneumonia following esophageal
resection. The PREPARE trial differentiates from other
studies in its design and robustness.

Trial status
Recruiting since September 2013.
Abbreviations
ICU: Intensive care unit; IMT: Inspiratory muscle training; MIE: Minimally
invasive esophageal resection; PPCs: Postoperative pulmonary complications;
PT: Physical therapist; RCT: Randomized controlled trial; RPE: Rate of perceived
exertion; THE: Transhiatal esophageal resection; TTE: Transthoracic esophageal
resection; UPSS: Utrecht Pneumonia scoring system.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
KV, JT, RG, RvH, and FB developed the study design. MS, JW, CR, HP, JS, SdH,
JVR, EG, JR, ER, PN, MF, EK, MK, DLvdP, and SH made substantial contributions to
the design of the trial. KV and JT drafted the manuscript. All authors provided
input into revisions of the manuscript and have read and approved the final
manuscript.

Acknowledgements
The authors thank all involved physical therapists, specialized nurses,
physician assistants, and surgeons involved with recruitment and data
collection of all participating centers: Atrium Medical Center Heerlen,
Canisius Wilhelmina Hospital Nijmegen, Reinier de Graaf Group Delft,
University Medical Center Utrecht, VU Medical Center Amsterdam, Hospital
Group Twente Almelo, University Hospital Gasthuisberg Leuven, and St.
James’s Hospital Dublin. This study receives funding from ‘NutsOhra
Foundation’ and ‘The Friends of the UMC Utrecht Foundation’.

Author details
1Department of Rehabilitation, Nursing Science and Sports, University
Medical Center Utrecht, PO Box 85500, Utrecht 3508 GA, The Netherlands.
2Department of Rehabilitation Sciences, KU Leuven, University Hospital
Leuven, Tervuursevest 101, Leuven 3001, Belgium. 3Department of Surgery,
Atrium Medical Center, PO Box 4446, Heerlen 6401 CX, The Netherlands.
4Department of Physical Therapy, Atrium Medical Center, PO Box 4446,
Heerlen 6401 CX, The Netherlands. 5Department of Surgery, Canisius
Wilhelmina Hospital, PO Box 9015, Nijmegen 6500 GS, The Netherlands.
6Department of Physical Therapy, Canisius Wilhelmina Hospital, PO Box 9015,
Nijmegen 6500 GS, The Netherlands. 7Department of Surgery, Reinier de
Graaf Hospital, PO Box 5011, Delft 2600 GA, The Netherlands. 8Department of
Physical Therapy, Reinier de Graaf Hospital, PO Box 5011, Delft 2600 GA, The
Netherlands. 9Department of Surgery, St James’s Hospital, Trinity Centre for
Health Sciences, Dublin 8, Ireland. 10Discipline of Physiotherapy, St James’s
Hospital, Trinity Centre for Health Sciences, Dublin 8, Ireland. 11Department
of Surgery, University Medical Center Utrecht, PO Box 85500, Utrecht 3508
GA, The Netherlands. 12Department of Thoracic Surgery, University Hospitals
Leuven, Herestraat 49 3000, Leuven, Belgium. 13Department of Physical
Therapy, University Hospitals Leuven, Herestraat 49 3000, Leuven, Belgium.
14Department of Surgery, Hospital Group Twente (ZGT), PO Box 7600, Almelo
7600 SZ, The Netherlands. 15Department of Physical Therapy, Hospital Group
Twente (ZGT), PO Box 7600, Almelo 7600 SZ, The Netherlands. 16Department
of Surgery, VU University Medical Center, PO Box 7057, Amsterdam 1007 MB,
The Netherlands. 17Department of Physical Therapy, VU University Medical
Center, PO Box 7057, Amsterdam 1007 MB, The Netherlands.

Received: 6 November 2013 Accepted: 3 April 2014
Published: 27 April 2014

References
1. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D: Global cancer

statistics. CA Cancer J Clin 2011, 61:69–90.
2. van Hagen P, Hulshof MC, van Lanschot JJ, Steyerberg EW, van Berge

Henegouwen MI, Wijnhoven BP, Richel DJ, Nieuwenhuijzen GA, Hospers GA,
Bonenkamp JJ, Cuesta MA, Blaisse RJ, Busch OR, ten Kate FJ, Creemers GJ,
Punt CJ, Plukker JT, Verheul HM, Spillenaar Bilgen EJ, van Dekken H, van der
Sangen MJ, Rozema T, Biermann K, Beukema JC, Piet AH, van Rij CM,
Reinders JG, Tilanus HW, van der Gaast A, CROSS Group: Preoperative
chemoradiotherapy for esophageal or junctional cancer. N Engl J Med
2012, 366:2074–2084.

3. Bakhos CT, Fabian T, Oyasiji TO, Gautam S, Gangadharan SP, Kent MS,
Martin J, Critchlow JF, DeCamp MM: Impact of the surgical technique on



Valkenet et al. Trials 2014, 15:144 Page 9 of 9
http://www.trialsjournal.com/content/15/1/144
pulmonary morbidity after esophagectomy. Ann Thorac Surg 2012,
93:221–226.

4. Biere SS, van Berge Henegouwen MI, Maas KW, Bonavina L, Rosman C,
Garcia JR, Gisbertz SS, Klinkenbijl JH, Hollmann MW, de Lange ES, Bonjer HJ,
van der Peet DL, Cuesta MA: Minimally invasive versus open
oesophagectomy for patients with oesophageal cancer: a multicentre,
open-label, randomised controlled trial. Lancet 2012, 379:1887–1892.

5. Park DP, Welch CA, Harrison DA, Palser TR, Cromwell DA, Gao F, Alderson D,
Rowan KM, Perkins GD: Outcomes following oesophagectomy in patients
with oesophageal cancer: a secondary analysis of the ICNARC Case Mix
Programme Database. Crit Care 2009, 13:S1.

6. Atkins BZ, D’Amico TA: Respiratory complications after esophagectomy.
Thorac Surg Clin 2006, 16:35–48. vi.

7. Davies JM: Pre-operative respiratory evaluation and management of
patients for upper abdominal surgery. Yale J Biol Med 1991, 64:329–349.

8. Fleischmann KE, Goldman L, Young B, Lee TH: Association between
cardiac and noncardiac complications in patients undergoing
noncardiac surgery: outcomes and effects on length of stay. Am J Med
2003, 115:515–520.

9. Shekleton ME: Respiratory muscle conditioning and the work of
breathing: a critical balance in the weaning patient. AACN Clin Issues Crit
Care Nurs 1991, 2:405–414.

10. Pasquina P, Tramer MR, Walder B: Prophylactic respiratory physiotherapy
after cardiac surgery: systematic review. BMJ 2003, 327:1379.

11. Westerdahl E, Lindmark B, Eriksson T, Friberg O, Hedenstierna G, Tenling A:
Deep-breathing exercises reduce atelectasis and improve pulmonary
function after coronary artery bypass surgery. Chest 2005, 128:3482–3488.

12. Stiller K, Montarello J, Wallace M, Daff M, Grant R, Jenkins S, Hall B, Yates H:
Efficacy of breathing and coughing exercises in the prevention of
pulmonary complications after coronary artery surgery. Chest 1994,
105:741–747.

13. Hulzebos EH, Helders PJ, Favie NJ, de Bie RA, de la RA B, van Meeteren NL:
Preoperative intensive inspiratory muscle training to prevent
postoperative pulmonary complications in high-risk patients undergoing
CABG surgery: a randomized clinical trial. JAMA 2006, 296:1851–1857.

14. Gosselink R, de Vos J, van den Heuvel SP, Segers J, Decramer M, Kwakkel G:
Impact of inspiratory muscle training in patients with COPD: what is the
evidence? Eur Respir J 2011, 37:416–425.

15. Dettling DS, van der Schaaf M, Blom RL, Nollet F, Busch OR, van Berge
Henegouwen MI: Feasibility and effectiveness of pre-operative inspiratory
muscle training in patients undergoing oesophagectomy: a pilot study.
Physiother Res Int 2013, 18:16–26.

16. Dronkers J, Veldman A, Hoberg E, van der Waal C, Van MN: Prevention of
pulmonary complications after upper abdominal surgery by
preoperative intensive inspiratory muscle training: a randomized
controlled pilot study. Clin Rehabil 2008, 22:134–142.

17. Langer D, Jacome C, Charususin N, Scheers H, McConnell A, Decramer M,
Gosselink R: Measurement validity of an electronic inspiratory loading
device during a loaded breathing task in patients with COPD. Respir Med
2013, 107:633–635.

18. Bailey SJ, Romer LM, Kelly J, Wilkerson DP, DiMenna FJ, Jones AM:
Inspiratory muscle training enhances pulmonary O(2) uptake kinetics
and high-intensity exercise tolerance in humans. J Appl Physiol 2010,
109:457–468.

19. Borg G: Psychophysical scaling with applications in physical work and the
perception of exertion. Scand J Work Environ Health 1990, (Suppl 1):55–58.

20. Borg GA: Psychophysical bases of perceived exertion. Med Sci Sports Exerc
1982, 14:377–381.

21. American Thoracic Society: Guidelines for the management of adults
with hospital-acquired, ventilator-associated, and healthcare-associated
pneumonia. Am J Respir Crit Care Med 2005, 171:388–416.

22. Verhage RJJ, van der Sluis PC, van der Horst S, van der Wal WM, Ruurda JP,
van Hillergersberg R: A new clinical scoring system to define pneumonia
following esophagectomy for cancer. Thesis: Outcomes Perioper Course
Esophageal Cancer Surg 2012, Chapter 6:92–107.

23. Pocock SJ: Clinical Trials: A Practical Approach. Chichester: John Wiley & Sons;
1983.

24. Altman DG, Deeks JJ, Sackett DL: Odds ratios should be avoided when
events are common. BMJ 1998, 317:1318.

25. Zhang J, Yu KF: What’s the relative risk? A method of correcting the odds
ratio in cohort studies of common outcomes. JAMA 1998, 280:1690–1691.
26. Knol MJ, Duijnhoven RG, Grobbee DE, Moons KG, Groenwold RH: Potential
misinterpretation of treatment effects due to use of odds ratios and
logistic regression in randomized controlled trials. PLoS One 2011,
6:e21248.

27. Derogar M, Orsini N, Sadr-Azodi O, Lagergren P: Influence of major postop-
erative complications on health-related quality of life among long-term
survivors of esophageal cancer surgery. J Clin Oncol 2012, 30:1615–1619.

28. Bloemen JG, Visschers RG, Truin W, Beets GL, Konsten JL: Long-term quality
of life in patients with rectal cancer: association with severe
postoperative complications and presence of a stoma. Dis Colon Rectum
2009, 52:1251–1258.

29. Agrelli TF, de Carvalho RM, Guglielminetti R, Silva AA, Crema E:
Preoperative ambulatory inspiratory muscle training in patients
undergoing esophagectomy. A pilot study. Int Surg 2012, 97:198–202.

30. Savci S, Degirmenci B, Saglam M, Arikan H, Inal-Inc, Turan HN, Demircin M:
Short-term effects of inspiratory muscle training in coronary artery
bypass graft surgery: a randomized controlled trial. Scand Cardiovasc J
2011, 45:286–293.

31. Barbalho-Moulim MC, Miguel GP, Forti EM, Campos FA, Costa D: Effects of
preoperative inspiratory muscle training in obese women undergoing
open bariatric surgery: respiratory muscle strength, lung volumes, and
diaphragmatic excursion. Clinics (Sao Paulo) 2011, 66:1721–1727.

32. Kulkarni SR, Fletcher E, McConnell AK, Poskitt KR, Whyman MR: Pre-
operative inspiratory muscle training preserves postoperative inspiratory
muscle strength following major abdominal surgery - a randomised pilot
study. Ann R Coll Surg Engl 2010, 92:700–707.

33. Valkenet K, de Heer F, Backx FJ, Trappenburg JC, Hulzebos EH, Kwant S, van
Herwerden LA, van de Port IG: Effect of inspiratory muscle training before
cardiac surgery in routine care. Phys Ther 2013, 93:611–619.

34. Enright SJ, Unnithan VB: Effect of inspiratory muscle training intensities
on pulmonary function and work capacity in people who are healthy:
a randomized controlled trial. Phys Ther 2011, 91:894–905.

doi:10.1186/1745-6215-15-144
Cite this article as: Valkenet et al.: Preoperative inspiratory muscle
training to prevent postoperative pulmonary complications in patients
undergoing esophageal resection (PREPARE study): study protocol for a
randomized controlled trial. Trials 2014 15:144.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods/Design
	Discussion
	Trial registration

	Background
	Methods/Design
	Study objectives
	Study design and setting
	Study population
	Recruitment and informed consent
	Baseline assessment and follow-up measurements
	Usual care
	Intervention
	Blinding
	Primary endpoint
	Secondary endpoints
	Other outcome measures
	Education and monitoring
	Sample size calculation
	Statistical analyses

	Discussion
	Trial status
	Abbreviations

	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

