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Abstract

Background: General anesthesia usually requires mechanical ventilation, which is traditionally accomplished with
constant tidal volumes in volume- or pressure-controlled modes. Experimental studies suggest that the use of
variable tidal volumes (variable ventilation) recruits lung tissue, improves pulmonary function and reduces systemic
inflammatory response. However, it is currently not known whether patients undergoing open abdominal surgery
might benefit from intraoperative variable ventilation.

Methods/Design: The PROtective VARiable ventilation trial (‘PROVAR’) is a single center, randomized controlled trial
enrolling 50 patients who are planning for open abdominal surgery expected to last longer than 3 hours. PROVAR
compares conventional (non-variable) lung protective ventilation (CV) with variable lung protective ventilation (VV)
regarding pulmonary function and inflammatory response. The primary endpoint of the study is the forced vital
capacity on the first postoperative day. Secondary endpoints include further lung function tests, plasma cytokine
levels, spatial distribution of ventilation assessed by means of electrical impedance tomography and postoperative
pulmonary complications.

Discussion: We hypothesize that VV improves lung function and reduces systemic inflammatory response
compared to CV in patients receiving mechanical ventilation during general anesthesia for open abdominal surgery
longer than 3 hours. PROVAR is the first randomized controlled trial aiming at intra- and postoperative effects of
VV on lung function. This study may help to define the role of VV during general anesthesia requiring mechanical
ventilation.

Trial registration: Clinicaltrials.gov NCT01683578 (registered on September 3 3012).
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Background
General anesthesia promotes pulmonary atelectasis [1] and
this effect is further enhanced during open abdominal sur-
gery [2], mainly due to the use of muscle paralysis. Indeed,
with relaxation of the diaphragm, the intra-abdominal
pressure is transmitted to the intrathoracic cavity, promot-
ing compression of the lung parenchyma and resulting in
more atelectasis. Atelectasis and the decrease in pulmon-
ary gas volume can persist during the postoperative period.
It has been shown that forced vital capacity (FVC) and
other variables of lung function are reduced for up to three
hours postoperatively compared to pre-operative values
[3]. It has been shown that noninfectious pulmonary com-
plications like atelectasis or pleural effusions may favor the
development of pneumonia [4], and increased bacterial
translocation has been found from atelectatic lung regions
[5]. The presence of atelectasis may promote the deve-
lopment of ventilator-associated lung injury due to cyclic
collapse and re-opening of atelectatic lung regions [6].
Consequently, atelectasis formation is associated with in-
creased length of stay in the recovery room and also with
increased admission to the intensive care unit [7,8].
The application of positive end-expiratory airway pres-

sure (PEEP) combined with lung recruitment maneuvers
has been shown to reduce atelectasis and improve lung
function [9,10]. However, recruitment maneuvers and high
levels of PEEP carry the risk of barotrauma and deterior-
ation of hemodynamics, and do not represent standard of
practice in general anesthesia.
Recent data suggest that variable ventilation may im-

prove lung function without causing structural damage to
the lungs or increasing pulmonary inflammatory response
in the experimental [11] and clinical setting [12]. One
important mode of action of variable ventilation is the re-
cruitment of previously collapsed lung areas. Variable ven-
tilation is not only able to induce lung recruitment [13],
but also to keep alveoli open once they are recruited [14].
This mechanism is of special importance in the presence
of low or moderate settings of positive end-expiratory
pressure, as planned in the presented trial. Variable ventila-
tion mimics some aspects of the physiological ventilation
pattern of healthy, spontaneously breathing individuals,
but so far it is not known if variable ventilation is able to
improve postoperative pulmonary function and reduce sys-
temic pro-inflammatory response after surgery.
Recently, it has been demonstrated that a lung protective

ventilation approach for general anesthesia can improve
lung function and decrease postoperative pulmonary
complications after open abdominal surgery [9]. The
PROtective VARiable ventilation trial (‘PROVAR’) compares
conventional (non-variable) lung protective ventilation
(CV) and variable lung protective ventilation (VV) regard-
ing pulmonary function and systemic inflammatory re-
sponse. We hypothesized that VV improves lung function,
redistributes ventilation toward gravity-dependent lung
areas and reduces systemic inflammatory response com-
pared to CV during controlled mechanical ventilation
without spontaneous breathing activity in patients planned
for open abdominal surgery expected to be longer than
3 hours.

Methods/Design
Objectives and design
PROVAR is an investigator-initiated, single center, ran-
domized controlled, two-arm trial comparing CV and
VV in patients receiving mechanical ventilation during
general anesthesia for open abdominal surgery.
The study protocol is approved by the institutional re-

view board of the Medical Faculty and the University
Hospital Dresden, Germany (EK 174052011) and has
been registered at clinicaltrials.gov (NCT01683578).
PROVAR is conducted in accordance with the Declar-
ation of Helsinki and the principles of good clinical
practice.
PROVAR tests the hypothesis that intraoperative VV

is associated with improved pulmonary function and re-
duced systemic inflammatory response compared to CV
in patients planned for open abdominal surgery. Primary
endpoint is the FVC on the first postoperative day. Sec-
ondary endpoints are plasma concentrations of interleukin
(IL)-6, IL-8 and tumor necrosis factor alpha (TNF-α);
partial pressure of oxygen in capillary blood (PcO2) on
the first postoperative day; peak expiratory flow (PEF) on
the first postoperative day; forced expiratory volume in
the first second (FEV1) on the first postoperative day; oxy-
genation (PaO2/FIO2) during surgery; changes of spatial
distribution of ventilation measured by electrical imped-
ance tomography (EIT); amount of atelectasis measured
with magnetic resonance imaging (MRI) on the first post-
operative day; and occurrence of postoperative pulmonary
complications defined by the modified clinical pulmonary
infection score (mCPIS) [9]. Figure 1 shows the CONSORT
diagram of PROVAR.

Screening, enrollment, randomization and blinding
Investigators screen consecutive patients planned for
open abdominal surgery with an expected duration >3 h
at the University Hospital Dresden, Germany during
regular anesthesiological preoperative evaluations. The
screening started in September 2012, and a recruitment
time of 24 months has been defined based on the inci-
dence of major abdominal surgery and patient charac-
teristics at our hospital. Demographic data of screened
patients are recorded regardless of whether they meet
the enrollment criteria. Informed consent is obtained
from all patients prior to surgery. All screened patients
are reviewed with respect to inclusion and exclusion cri-
teria as summarized in Table 1.



Figure 1 CONSORT diagram for the PROVAR trial. VT, tidal
volume; CV VT, coefficient of variation of tidal volume.

Table 1 Inclusion and exclusion criteria for the PROVAR trial

Inclusion Exclusion

Patients scheduled for elective open abdominal surgery
with expected duration >3 h

Chronic lung dis

ASA class 2 and 3 Body mass index

Expected extubation in the OR Hypersensitivity
against drugs w

Informed consent to participate in the study signed by
the patient

Participation of t

History of substa
consent

Pregnancy or br

Women in an ag

• Postmenopaus
FSH >40 lU/ml)

• Postoperative (

• Regular and co

• Sexual inactivit

• Vasectomy of s

Suspected low p

Contraindication

Mechanical vent

ASA, American Society of Anesthesiologists; OR, operating room; COPD, chronic obs
disease; FSH, follicle-stimulating hormone; MRI, magnetic resonance imaging.
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Randomization is performed by random block rando-
mization with fixed 1:1 randomization ratios within blocks
of 2 × 10, 3 × 6 and 3 × 4 patients using closed envelopes.
Blinding is achieved by means of a modified triple blind

design with the patients and postoperative investigators
blinded to the treatment and the intraoperative investiga-
tor blinded to the pre- and postoperative measurements.

Intervention
After randomization, patients will be ventilated either with
CV or VV, respectively. Both modes are performed with
the same ventilator (EVITA XL4Lab, Dräger Medical,
Lübeck, Germany) in a volume-controlled mode with
a fraction of inspired oxygen (FIO2) of 0.35, PEEP of 5
cmH2O, tidal volumes (VT) of 8 ml/kg and an I:E ratio of
1:1. Respiratory rate is adjusted to achieve normocapnia
(4.6 to 6.0 kPa). While VT is kept constant during CV, it
varies randomly on a breath-by-breath basis during VV. In
VV, the mean VT is kept at 8 ml/kg, and the distribution
of values follows a Gaussian distribution with coefficient
of variation at 30%, as described by our group in detail
elsewhere [11]. Such mechanical ventilation mode is ac-
complished by computer remote control of the ventilator,
which is allowed by the manufacturer for clinical use.
Table 2 shows the ventilator settings. In case of desatur-
ation (SpO2 < 94% for more than one minute) a standard-
ized rescue maneuver is implemented in the protocol.
After exclusion of nonventilatory causes, the following
ease, except COPD GOLD stage I and II and untreated bronchial asthma

>40

or allergy against one of the drugs administered during the study or
ith similar chemical structure

he patient in another clinical trial within the last 4 weeks

nce abuse or any other mental status possibly affecting informed

eastfeeding

e range of possible pregnancy if not:

al (12 months of amenorrhea or 6 months of amenorrheawith serum

6 weeks after bilateral ovariectomy with or without hysterectomy)

rrect use of contraceptives with failure rate of <1% per year

y

exual partner

atient compliance

for MRI exams

ilation within the last 30 days

tructive pulmonary disease; GOLD, global initiative for chronic obstructive lung



Table 2 Intraoperative ventilator settings for the PROVAR trial

Conventional ventilation Variable ventilation

FIO2 0.35 0.35

PEEP 5 cmH2O 5 cmH2O

VT 8 ml/kg Mean value of 8 ml/kg, breath by breath variability with a CV VT of 30%

RR Adjusted according normocapnia (4.6-6.0 kPa) Adjusted according normocapnia (4.6 to 6.0 kPa)

I:E 1:1 1:1

Flow 30 L/min, adjusted in case of flow limitation 30 L/min, adjusted in case of flow limitation

Pmax 40 cmH2O 40 cmH2O

FIO2, fraction of inspired oxygen; PEEP, positive end-expiratory pressure; VT, tidal volume; RR, respiratory rate; I:E, ratio of inspiratory to expiratory time; Flow, air
flow; Pmax, maximum of inspiratory pressure; CV VT, coefficient of variation of tidal volume.
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interventions will be consecutively performed: 1) a step-
wise increase of FIO2 in steps of 10% up to 100%; 2) a
stepwise increase of PEEP in steps of 1 cmH2O up to
12 cmH2O; and 3) a recruitment maneuver with Paw 40
cmH2O for 20s. In case of malfunction or technical prob-
lems with the remote computer control during VV, the
computer will be disconnected and the ventilator will be
switched back to CV. In case of any ventilatory or other
medical problems, interventions will be performed based
on the discretion of the anesthesiologist in charge of the
patient according to clinical standards and will be docu-
mented in the case report form accordingly.

Time course of interventions/study protocol
At day 0 (visit 1), informed consent is obtained, demo-
graphic data are recorded and spirometry, EIT measure-
ments and capillary blood gas analysis performed to
retrieve baseline data. Additionally, potentially fertile fe-
male patients are submitted to a pregnancy test.
Visit 2 is performed on the day of surgery. A preoperative

MRI of the lungs is performed prior to premedication.
Preparation for anesthesia and surgery is done according to
standard of care. Anesthesia induction and maintenance
is standardized according to the following protocol: all
weight-derived calculations are based on ideal body weight
defined as 50 or 45.5 (male or female, respectively) + 0.91*
(height - 152.4): Anesthesia induction is performed with
continuous infusion of 0.5 μg/kg/h remifentanil and a bolus
of 1 to 2 mg/kg propofol. Neuromuscular blockade to fa-
cilitate endotracheal intubation is achieved by bolus ad-
ministration of 0.2 mg/kg cisatracurium. Maintenance of
anesthesia is monitored by bispectral index (BIS level 40
to 60) and is achieved by continuous infusion of 5 mg/kg/h
propofol, 0.2 to 0.3 μg/kg/h remifentanil and 0.09 mg/kg/h
cisatracurium. Neuromuscular blockade is checked hourly
by muscle relaxometry using the train of four ratio aiming
at values of 0 to 1. During induction of anesthesia, an
electrolyte solution is administered at a rate of 500 ml/h
and reduced thereafter to a maintenance rate of 300 ml/h.
Noradrenaline can be infused if necessary to ensure mean
arterial blood pressure levels >60 mmHg. After induction
and prior to the start of surgery, postinduction mea-
surements are performed and patients are then ran-
domly assigned to mechanical ventilation with CV or VV.
EIT measurements and blood plasma samples are ob-
tained postinduction, as well as after surgical wound clos-
ure (postclosure) before the end of anesthesia. Arterial
blood gases are measured hourly throughout surgery and
hemodynamics, as well as spirometric data, are recorded
from the monitoring system and the ventilator, respect-
ively. Amounts of infused drugs and fluids, as well as
blood loss and urine output, are recorded. Visit 3 takes
place on the first postoperative day. Spirometry, lung MRI,
EIT, plasma blood sampling and capillary gasometry are
performed, and adverse, as well as severe adverse, events
(AEs, SAEs) are recorded.
Visit 4 is performed on the third postoperative day.

Spirometry, EIT, plasma blood sampling and capillary
gasometry are obtained, and AEs and SAEs recorded.
Visit 5 takes place on the fifth postoperative day and

includes spirometry, EIT, plasma blood sampling and ca-
pillary gasometry. AEs and SAEs will be recorded.
Visit 6 represents the final examination before hospital

discharge. Spirometry, EIT, plasma blood sampling and
capillary gasometry will be measured, and AEs and SAEs
will be recorded.

Technical aspects
For electrical impedance tomography (EIT), a Pulmo-
Vista® 500 (Dräger Medical, Lübeck, Germany) will be
used. Files will be acquired over 2 min, with a frame rate
of 20 Frames/s. Distribution of ventilation across the
ventral-dorsal gradient will be determined from relative
changes in electrical impedance as described elsewhere
[15]. Briefly, images of the EIT device containing 32 ×
32 pixels will be recorded at a rate of 20 frames/s during
2 min for offline analysis. Using a dedicated routine
(EITa!), the highest and lowest limits of the area contain-
ing changes in the impedance (region of interest (ROI))
will be determined. The ROI will be divided into three
zones with equal heights (ventral, central and dorsal)
and the relative changes in impedance will be computed.
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Magnetic resonance imaging (MRI) will be performed
preoperatively and at the first postoperative day. Native MRI
sequences using T2 (HASTE: TR/TE = 1000 ms/98 ms;
360 ms per slice) and T1 (VIBE: TR/TE = 5 ms/2 ms; 12 s
per volume × 2) will be obtained during inspiratory breath
hold. A radiologist blinded to the study groups will manu-
ally measure thickness of atelectasis and pleural effusions.
Volumetric measurements of aerated and nonaerated lung
tissue will be performed using manual segmentation and
volumetric measurements using the OsiriX software
package.
Study dropouts
Participation in the trial is voluntary. A subject has the
right to withdraw from the study at any time for any rea-
son without any consequences for further medical treat-
ment. Furthermore, both investigators, intraoperative as
well as postoperative, have the right to terminate the
participation of any subject at any time during the part
of the study they are responsible for if the investigator
deems it in the participant’s best interest. The reasons
and circumstances for study discontinuation will be doc-
umented in the Case Report Form (CRF). All data are
analyzed based on the intention-to-treat (ITT) principle.
Statistics
Sample size calculation was based on a previous study
using FVC as a measure of postoperative pulmonary func-
tion following general anesthesia [3]. In the present study,
effect size was estimated as 1.086, alpha was defined as 0.05
and power as 0.95. Using a two-tailed Mann–Whitney-U-
test, sample size calculation yielded 25 patients per group.
Analysis was performed using GPower (Software Version
3.1.3, University of Düsseldorf, Germany).
Exploratory analysis will include mean and standard devi-

ation for normally distributed variables. Non-normally dis-
tributed variables will be expressed by their medians and
interquartile ranges. Categorical variables will be expressed
as n (%). Parametrical or non-parametrical tests will be
used as appropriate to analyze the data. P values for
multiple comparisons will be adjusted according to the
Bonferroni procedure.
In case of loss to follow-up or consent withdrawal from

the trial, the causes will be reported. ITT and per protocol
(PP) analysis will be conducted. For the intention-to-treat
analysis, data will be processed for all trial patients in the
groups in which they were randomized. The PP analysis
will be performed as a secondary analysis if there are a
considerable number of patients who do not receive study
therapy or are lost to outcome assessment. Missing data
will be handled by means of the last observation carried
forward method.
Study organization
All serious adverse events and all unexpected and related
or possibly related adverse events will be reported to the
internal review board of the Medical Faculty and the
University Hospital Dresden. Regular checks for plausibil-
ity and protocol adherence will be done according to good
clinical practice (GCP) guidelines. Two independent ex-
perts in the field that are not part of the study group serve
on the study’s data safety and monitoring board (DSMB)
to ensure adherence to the study protocol, quality of data
collection and processing as well as safety issues related to
the study.
Discussion
The concept of VV has been extensively studied in recent
years. A growing body of experimental evidence suggests
the beneficial effects of variable ventilatory modes mim-
icking physiological variability of the respiratory system
[11,13,16,17]. After the introduction of variable pressure-
support ventilation (noisy PSV) by our group in 2008 [18],
we could demonstrate that the beneficial effects of VV are
not only limited to controlled mechanical ventilation but
can also be applied during assisted spontaneous breathing
[15,19]. Comparing biological variable ventilation and ran-
dom (noisy) variability using equal amounts of variability,
it has been demonstrated that both respiratory patterns
yielded comparable effects on lung function. The authors
conclude that the amount, but not the pattern, of respira-
tory variability is crucial for the success of VV [20]. It is
worth noting that the variability administered during VV
in this study is closely related to the physiological variabil-
ity of the respiratory system [11,21,22] and has been found
to be superior to higher or lower levels of variability in
previous experimental studies [23].
Several mechanisms have been proposed to explain the

beneficial effects of VV: 1) the de novo synthesis of sur-
factant proteins seems to be enhanced during VV [24,25];
2) VV seems to recruit previously closed alveolar units
[14,26]; 3) the concept of stochastic resonance may ex-
plain improvements in respiratory mechanics [17]; and
4) the beneficial effects on gas exchange may be explained
by improved ventilation/perfusion matching [18,27].
In the only clinical trial performed with VV in patients

undergoing general surgery so far, Boker and colleagues
could demonstrate that biological variable ventilation im-
proves gas exchange and respiratory mechanics compared
to CV in patients undergoing abdominal aortic aneurysm
repair [12]. Their results were confirmed by a small pilot
study in eight critically ill patients [28]. The PROVAR
study aims at closing the gap between preclinical data and
initial clinical application by providing new insights into
the perioperative physiological changes due to different
intraoperative mechanical ventilation modalities.
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This study protocol has several limitations that need
to be addressed:

1. The duration of mechanical ventilation may be
different across patients due to different lengths of
surgery.

2. As part of the clinical routine some patients will
receive thoracic epidural anesthesia, whereas others
who have contraindications will not; therefore,
thoracic epidural anesthesia will be implemented as
a covariate in the statistical analysis.

3. Generalizability of the study results is critical since
until today there is no commercially available
ventilator or anesthesia machine able to perform VV.

4. The anesthesiologist in charge of the intraoperative
part of the study cannot be blinded to the ventilator
mode; we therefore decided to split personnel for
intra- and perioperative analysis in order to have at
least the perioperative staff blinded to the ventilator
mode.

In conclusion, PROVAR is the first randomized con-
trolled trial aiming at intra- and postoperative effects of
VV on lung function. This study may help to define the
role of VV during general anesthesia requiring mechan-
ical ventilation.

Trial status
Enrollment has begun.

Abbreviations
AE: adverse event; CRF: case report form; CV: conventional lung protective
ventilation; DMSB: Data Safety and Monitoring Board; EIT: electrical
impedance tomography; FEV1: forced expiratory volume in the first second;
FVC: forced vital capacity; GCP: good clinical practice; IL: interleukin;
ITT: intention to treat; mCPIS: modified clinical pulmonary infection score;
MRI: magnetic resonance imaging; PaO2/FIO2: ratio of arterial partial pressure
of oxygen and inspired oxygen fraction; PcO2: partial pressure of oxygen in
capillary blood; PEEP: positive end-expiratory airway pressure; PEF: peak
expiratory flow; PP: per protocol; PROVAR: The PROtective VARiable
ventilation trial; SAE: severe adverse event; TNF-α: tumor necrosis factor
alpha; VV: variable lung protective ventilation..

Competing interests
Drs. Spieth, Koch and Gama de Abreu were granted three patents on
variable ventilation.

Authors’ contributions
PMS participated in the design of the study, drafted the manuscript and
serves as the study coordinator. AG participated in the design of the study
and drafted the manuscript. CU drafted the manuscript. TB drafted the
manuscript. TK drafted the manuscript. MJS participated in the design of the
study and drafted the manuscript. PP participated in the design of the study
and drafted the manuscript. TK participated in the design of the study and
drafted the manuscript. MGA participated in the design of the study, drafted
the manuscript and serves as the principal investigator. All authors read and
approved the final manuscript.

Acknowledgements
Dr. Benedikt Pannen, Düsseldorf, Germany and Dr. Alsparlan Turan,
Cleveland, OH, USA serve as independent experts on the Data Safety and
Monitoring Board of this study.
Dräger Medical kindly provided an EVITA XL 4Lab ventilator. This study is
supported by departmental funding of the Department of Anesthesiology
and Intensive Care Therapy, University Hospital Dresden, Germany.

Author details
1Pulmonary Engineering Group, Department of Anesthesiology and Intensive
Care Medicine, University Hospital Dresden, Technische Universität Dresden,
Fetscherstrasse 74, 01307 Dresden, Germany. 2Department of Intensive Care
Medicine, Academic Medical Center at the University of Amsterdam,
Meidbergdreef 9, 1105 AZ Amsterdam, The Netherlands. 3IRCCS AOU San
Martino-IST, Department of Surgical Sciences and Integrated Diagnostics,
University of Genoa, Largo Roseanna Benzi 8, 16132 Genoa, Italy.

Received: 29 July 2013 Accepted: 17 April 2014
Published: 2 May 2014

References
1. Hedenstierna G, Tokics L, Strandberg A, Lundquist H, Brismar B: Correlation

of gas exchange impairment to development of atelectasis during
anaesthesia and muscle paralysis. Acta Anaesthesiol Scand 1986,
30:183–191.

2. Xue FS, Li BW, Zhang GS, Liao X, Zhang YM, Liu JH, An G, Luo LK: The
influence of surgical sites on early postoperative hypoxemia in adults
undergoing elective surgery. Anesth Analg 1999, 88:213–219.

3. von Ungern-Sternberg BS, Regli A, Reber A, Schneider MC: Comparison of
perioperative spirometric data following spinal or general anaesthesia in
normal-weight and overweight gynaecological patients. Acta Anaesthesiol
Scand 2005, 49:940–948.

4. Golfieri R, Giampalma E, Morselli Labate AM, D’ Arienzo P, Jovine E, Grazi GL,
Mazziotti A, Maffei M, Muzzi C, Tancioni S, Sama C, Cavallari A, Gavelli G:
Pulmonary complications of liver transplantation: radiological
appearance and statistical evaluation of risk factors in 300 cases.
Eur Radiol 2000, 10:1169–1183.

5. van Kaam AH, Lachmann RA, Herting E, De Jaegere A, van Iwaarden F,
Noorduyn LA, Kok JH, Haitsma JJ, Lachmann B: Reducing atelectasis
attenuates bacterial growth and translocation in experimental
pneumonia. Am J Respir Crit Care Med 2004, 169:1046–1053.

6. Pelosi P, Rocco PR: Airway closure: the silent killer of peripheral airways.
Crit Care 2007, 11:114.

7. Rosenberg J, Rasmussen V, von Jessen F, Ullstad T, Kehlet H: Late
postoperative episodic and constant hypoxaemia and associated ECG
abnormalities. Br J Anaesth 1990, 65:684–691.

8. Gill NP, Wright B, Reilly CS: Relationship between hypoxaemic and cardiac
ischaemic events in the perioperative period. Br J Anaesth 1992,
68:471–473.

9. Severgnini P, Selmo G, Lanza C, Chiesa A, Frigerio A, Bacuzzi A, Dionigi G,
Novario R, Gregoretti C, de Abreu MG, Schultz MJ, Jaber S, Futier E,
Chiaranda M, Pelosi P: Protective mechanical ventilation during general
anesthesia for open abdominal surgery improves postoperative
pulmonary function. Anesthesiology 2013, 118:1307–1321.

10. Tokics L, Hedenstierna G, Strandberg A, Brismar B, Lundquist H: Lung
collapse and gas exchange during general anesthesia: effects of
spontaneous breathing, muscle paralysis, and positive end-expiratory
pressure. Anesthesiology 1987, 66:157–167.

11. Spieth PM, Carvalho AR, Pelosi P, Hoehn C, Meissner C, Kasper M, Hubler M,
von Neindorff M, Dassow C, Barrenschee M, Uhlig S, Koch T, Gama de
Abreu M: Variable tidal volumes improve lung protective ventilation
strategies in experimental lung injury. Am J Respir Crit Care Med 2009,
179:684–693.

12. Boker A, Haberman CJ, Girling L, Guzman RP, Louridas G, Tanner JR, Cheang
M, Maycher BW, Bell DD, Doak GJ: Variable ventilation improves
perioperative lung function in patients undergoing abdominal aortic
aneurysmectomy. Anesthesiology 2004, 100:608–616.

13. Mutch WA, Harms S, Ruth Graham M, Kowalski SE, Girling LG, Lefevre GR:
Biologically variable or naturally noisy mechanical ventilation recruits
atelectatic lung. Am J Respir Crit Care Med 2000, 162:319–323.

14. Bellardine CL, Hoffman AM, Tsai L, Ingenito EP, Arold SP, Lutchen KR, Suki B:
Comparison of variable and conventional ventilation in a sheep saline
lavage lung injury model. Crit Care Med 2006, 34:439–445.

15. Spieth PM, Guldner A, Beda A, Carvalho N, Nowack T, Krause A, Rentzsch I,
Suchantke S, Thal SC, Engelhard K, Kasper M, Koch T, Pelosi P, Gama de



Spieth et al. Trials 2014, 15:155 Page 7 of 7
http://www.trialsjournal.com/content/15/1/155
Abreu M: Comparative effects of proportional assist and variable
pressure support ventilation on lung function and damage in
experimental lung injury. Crit Care Med 2012, 40:2654–2661.

16. Lefevre GR, Kowalski SE, Girling LG, Thiessen DB, Mutch WA: Improved
arterial oxygenation after oleic acid lung injury in the pig using a
computer-controlled mechanical ventilator. Am J Respir Crit Care Med
1996, 154:1567–1572.

17. Suki B, Alencar AM, Sujeer MK, Lutchen KR, Collins JJ, Andrade JS Jr,
Ingenito EP, Zapperi S, Stanley HE: Life-support system benefits from
noise. Nature 1998, 393:127–128.

18. Gama de Abreu M, Spieth PM, Pelosi P, Carvalho AR, Walter C, Schreiber-
Ferstl A, Aikele P, Neykova B, Hubler M, Koch T: Noisy pressure support
ventilation: a pilot study on a new assisted ventilation mode in
experimental lung injury. Crit Care Med 2008, 36:818–827.

19. Spieth PM, Carvalho AR, Guldner A, Kasper M, Schubert R, Carvalho NC,
Beda A, Dassow C, Uhlig S, Koch T, Pelosi P, Gama de Abreu M: Pressure
support improves oxygenation and lung protection compared to
pressure-controlled ventilation and is further improved by random
variation of pressure support. Crit Care Med 2011, 39:746–755.

20. Froehlich KF, Graham MR, Buchman TG, Girling LG, Scafetta N, West BJ,
Walker EK, McManus BM, Mutch WA: Physiological noise versus white
noise to drive a variable ventilator in a porcine model of lung injury.
Can J Anaesth 2008, 55:577–586.

21. Tobin MJ, Chadha TS, Jenouri G, Birch SJ, Gazeroglu HB, Sackner MA:
Breathing patterns. 2. Diseased subjects. Chest 1983, 84:286–294.

22. Tobin MJ, Chadha TS, Jenouri G, Birch SJ, Gazeroglu HB, Sackner MA:
Breathing patterns. 1. Normal subjects. Chest 1983, 84:202–205.

23. Spieth PM, Carvalho AR, Guldner A, Pelosi P, Kirichuk O, Koch T, de Abreu
MG: Effects of different levels of pressure support variability in
experimental lung injury. Anesthesiology 2009, 110:342–350.

24. Arold SP, Suki B, Alencar AM, Lutchen KR, Ingenito EP: Variable ventilation
induces endogenous surfactant release in normal guinea pigs.
Am J Physiol Lung Cell Mol Physiol 2003, 285:L370–L375.

25. Thammanomai A, Hueser LE, Majumdar A, Bartolak-Suki E, Suki B: Design of
a new variable-ventilation method optimized for lung recruitment in
mice. J Appl Physiol 2008, 104:1329–1340.

26. Ma B, Suki B, Bates JH: Effects of recruitment/derecruitment dynamics on
the efficacy of variable ventilation. J Appl Physiol 2011, 110:1319–1326.

27. Carvalho AR, Spieth PM, Guldner A, Cuevas M, Carvalho NC, Beda A, Spieth
S, Stroczynski C, Wiedemann B, Koch T, Pelosi P, Gama de Abreu M:
Distribution of regional lung aeration and perfusion during conventional
and noisy pressure support ventilation in experimental lung injury.
J Appl Physiol 2011, 110:1083–1092.

28. Kowalski S, McMullen MC, Girling LG, McCarthy BG: Biologically variable
ventilation in patients with acute lung injury: a pilot study. Can J Anaesth
2013, 60:502–503.

doi:10.1186/1745-6215-15-155
Cite this article as: Spieth et al.: Variable versus conventional lung
protective mechanical ventilation during open abdominal surgery:
study protocol for a randomized controlled trial. Trials 2014 15:155.
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
	Objectives and design
	Screening, enrollment, randomization and blinding
	Intervention
	Time course of interventions/study protocol
	Technical aspects
	Study dropouts
	Statistics
	Study organization

	Discussion
	Trial status
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


