
PEER REVIEW HISTORY 

BMJ Open publishes all reviews undertaken for accepted manuscripts. Reviewers are asked to 

complete a checklist review form (http://bmjopen.bmj.com/site/about/resources/checklist.pdf) and 

are provided with free text boxes to elaborate on their assessment. These free text comments are 

reproduced below.   

 

ARTICLE DETAILS 

TITLE (PROVISIONAL) Increasing compliance with low tidal volume ventilation in the ICU 
with two nudge-based interventions: evaluation through intervention 
time-series analyses 

AUTHORS Bourdeaux, Christopher; Thomas, Matthew; Gould, Timothy; 
Malhotra, Gaurav; Jarvstad, Andreas; Jones, Timothy; Gilchrist, Iain 

 

VERSION 1 - REVIEW 

REVIEWER Dr Murali Shyamsundar 
Queen's University, Belfast  
UK 

REVIEW RETURNED 26-Oct-2015 

 

GENERAL COMMENTS A very important piece of research which addresses the compliance 
to established guidelines (in ARDS) which should improve patient 
outcomes and best practise.  
 
My comments are  
 
1. One minor comment will be the use of the terminology of 
"Defaults" to the intervention group. Defaults traditionally is a control 
and so it is not easy for the reader to remember that this is an 
intervention. Changing the group name will help the reader.  
2. Statistical methods used in this paper appear appropriate but 
would suggest an expert review as I am not familiar with it.  
3. The authors have introduced protective lung ventilation to all 
patients in critical care undergoing mechanical ventilation. While 
there is evidence for this, the clinical benefit is yet to be addressed 
in at risk patients in critical care. This is indeed reflected in their 
references which pertains to ARDS or patients undergoing surgery. 
This needs acknowledged in their limitations as there is a possibility 
that 6ml/kg potentially has no benefit or indeed harm if PEEP levels 
are not set appropriately.  
 
4. Do they have any data on clinical outcomes for eg incidence of 
ARDS, respiratory complications, duration of mechanical ventilation 
etc which will make this paper lot more exciting?  
 
5. I would also suggest adding references from the critical care 
population for this section 

 

REVIEWER Joanna Hart, MD, MS and Scott Halpern, MD, PhD 
University of Pennsylvania 

REVIEW RETURNED 29-Oct-2015 
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GENERAL COMMENTS The authors present an ICU-based study of two interventions 
harnessing data collected by clinical information systems on 
ventilator use. They aim to explore whether these ventilator data 
may be used to improve adherence to guidelines on lung-protective 
ventilation using behavioral nudges. The first intervention was a 
default setting on the ventilator, such that when the patient’s initial 
tidal volume setting on the ventilator was 6 mL/kg predicted body 
weight unless the clinician manually overrode this setting. In 
contrast, a control ventilator was used that did not have such a 
setting. The second intervention was a computer display in the ICU 
that showed the mL/kg predicted body weight for ventilated patients 
along with other clinical information. When the patient’s tidal volume 
exceeded the recommended threshold, a sequence of color-coded 
warnings appeared on the screen. The main findings were 1) that 
the tidal volumes of patients assigned to the default ventilator setting 
group were lower during a period of 20 hours of ventilation as 
compared to the control group and 2) that over the period of study, 
which included the use of the dashboard, tidal volumes were 
reduced more quickly and to a greater degree after exceeding an 
established threshold.  
 
The authors should be applauded for their study of interventions that 
harness readily available information technology that could be 
applied broadly to increase use of a well-validated clinical 
recommendation. Studying and publishing the effects of defaults and 
other similar efforts implemented in clinical practice should be an 
important focus of medical literature.  
 
Major areas to address:  
1. The randomized study of default settings on the ventilator is an 
excellent concept. Please provide more details on the randomization 
process. Although you state that the patients were assigned based 
on ventilator availability, more information is needed to better 
understand the flow of the trial and whether the randomization 
process may have limited the results. Further, please comment on 
any physical differences between the ventilator models used that 
would have been apparent to ICU staff.  
2. Please report what the default factory ventilator settings were in 
the control group. This has a significant role in how the two groups 
differed yet is not specified in the manuscript.  
3. Please expand the section describing inclusion and exclusion 
criteria. 1) Did the study include only patients who remained on 
volume-cycled ventilation for a continuous 20 hours? How were 
patients handled who began on volume-cycled and switched to 
pressure-cycled or other modes during that period? Further, was the 
sample limited to a 20-hour initial period or any period of 20 hours of 
continuous ventilation? If the latter is the case, please provide 
further information about when (in patients’ ventilator courses) this 
20-hour period occurred. 2) In the methods section, you state that all 
patients with gaps greater than two hours were excluded, but then 
you note that for patients with gaps less than three hours you 
interpolated data. Please clarify.  
4. Please provide a table summarizing the types of patients included 
in your study. This will be important for readers who are determining 
whether the population included is similar to their own clinical 
population.  
5. Please provide data for and comment on the deviation from the 
initial default settings in each group. This is important information 
that will provide insight into the adherence to the default and 
clinicians’ willingness to expend effort to override the default choice. 

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2015-010129 on 26 M

ay 2016. D
ow

nloaded from
 

http://bmjopen.bmj.com/


Further, you note that in order to engage the default, the provider 
has to manually enter the height of the patient. Please provide data 
on any missingness of this input that would have prevented the 
default’s use.  
6. Penetrance of lung-protective ventilation strategies is improving 
over the time the study was performed. As you note, this may be a 
major limitation of the pre-post design of the dashboard intervention. 
Although you make the conclusion that the data presented “suggest 
a cultural shift in the ICU” this may not be due to the introduction and 
use of a dashboard. The data may represent a cultural shift that 
would have happened regardless of the dashboard and it is 
impossible to distinguish given the trial design. Similarly, the 
conclusion that the continued improvements over time suggest that 
clinicians’ interactions with the dashboard system improved is also 
far-reaching. This may also reflect increased attention to the benefits 
of low tidal volumes regardless of dashboard use or many other 
factors. Qualitative data may have been helpful here, such as 
interviews with clinicians over time regarding their views on lung-
protective ventilation and self-reported use of the dashboard or 
observations of ICU work flow and how the dashboard was used 
during the three-year period.  
7. Please clarify whether the dashboard and default trials were 
initiated simultaneously. If so, you smartly did the analysis of the 
dashboard effect by use of “response to alarm time” rather than 
simply adherence to a recommended tidal volume. Nevertheless, it 
would be important for readers to understand that both interventions 
were rolled out at the same time, which makes it more difficult to 
tease out the effect of each.  
8. Were these interventions primarily an intervention targeted at 
respiratory therapists, nurses, or physicians? It may be useful if you 
have data to support the answer, such as electronic or written 
physician orders that correspond to the ventilator settings to 
demonstrate physician awareness and responsiveness to adherence 
to lung-protective ventilation. Framing the study as ICU-based 
interventions rather than focusing on physicians may be more 
accurate if this information is not available (or because all ICU 
professionals may have been influenced by the interventions). Along 
the same lines, how was the study introduced to the ICU? Was there 
accompanying education provided and, if so, to whom?  
 
Minor areas to address:  
9. In the methods section, you comment that you down-sampled if 
needed to get to 1 reading per hour. Please describe your sampling 
methods.  
10. In Figure 2, Panel C, you show that the slope of the control 
group was much steeper than that of the default group. That 
suggests that the groups may intersect if extended beyond the 
selected period of 20 hours of ventilation, yet it is not entirely clear 
the reasoning behind the 20-hour cutoff. Are you able to perform any 
sub-group analysis of a subset of patients with longer times on the 
vent? If the data represent the initial 20 hours of ventilation, the 
intervention of a default setting seems to result in an effect on the 
first portion of ventilation, but perhaps not a benefit past a certain 
point in time that may be identifiable using the data you have.  
11. In Figure 1, you show that a wide range of clinical data was 
displayed on the dashboard. Please include a discussion of whether 
there were other alarms for other clinical data points, including a 
comment on alarm fatigue if so.  
12. If possible, it would strengthen the paper to include any 
additional clinical outcomes such as time on ventilator, ICU LOS, 
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ABG data, etc. If you did these analyses and they were null, please 
include a statement summarizing those results. 

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer: 1  

Dr Murali Shyamsundar  

Queen's University, Belfast  

Please leave your comments for the authors below  

A very important piece of research which addresses the compliance to established guidelines (in 

ARDS) which should improve patient outcomes and best practise.  

My comments are  

1. One minor comment will be the use of the terminology of "Defaults" to the intervention group. 

Defaults traditionally is a control and so it is not easy for the reader to remember that this is an 

intervention. Changing the group name will help the reader.  

 

Author response - We have changed the wording in the manuscript to reflect the use of an “adjusted 

default” in the intervention group. In response to reviewer 2 (comment 1 and 2) below we have 

provided more information on the factory default settings.  

 

2. Statistical methods used in this paper appear appropriate but would suggest an expert review as I 

am not familiar with it.  

 

Author's response - Thank you for these positive comments.  

 

3. The authors have introduced protective lung ventilation to all patients in critical care undergoing 

mechanical ventilation. While there is evidence for this, the clinical benefit is yet to be addressed in at 

risk patients in critical care. This is indeed reflected in their references which pertains to ARDS or 

patients undergoing surgery. This needs acknowledged in their limitations as there is a possibility that 

6ml/kg potentially has no benefit or indeed harm if PEEP levels are not set appropriately.  

 

Author's response - We are not aware of any evidence of harm caused by the application of lung 

protective ventilation to patients with normal lungs but we have adapted the manuscript to reflect that 

the use of PEEP is also recommended alongside low tidal volumes.  

 

4. Do they have any data on clinical outcomes for eg incidence of ARDS, respiratory complications, 

duration of mechanical ventilation etc which will make this paper lot more exciting?  

 

Author's response - This study was designed to evaluate the effect of behavioural interventions on 

clinician behaviour. As such we did not collect clinical outcome data and the study is not powered to 

demonstrate clinical outcome effects. We agree that it would be very interesting to evaluate the 

impact of behavioural interventions on clinical outcome and we plan to do this in a larger study.  

 

5. I would also suggest adding references from the critical care population for this section  

 

Reviewer: 2  

Joanna Hart, MD, MS and Scott Halpern, MD, PhD  

University of Pennsylvania  

Please leave your comments for the authors below  

The authors present an ICU-based study of two interventions harnessing data collected by clinical 

information systems on ventilator use. They aim to explore whether these ventilator data may be used 

to improve adherence to guidelines on lung-protective ventilation using behavioral nudges. The first 
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intervention was a default setting on the ventilator, such that when the patient’s initial tidal volume 

setting on the ventilator was 6 mL/kg predicted body weight unless the clinician manually overrode 

this setting. In contrast, a control ventilator was used that did not have such a setting. The second 

intervention was a computer display in the ICU that showed the mL/kg predicted body weight for 

ventilated patients along with other clinical information. When the patient’s tidal volume exceeded the 

recommended threshold, a sequence of color-coded warnings appeared on the screen. The main 

findings were 1) that the tidal volumes of patients assigned to the default ventilator setting group were 

lower during a period of 20 hours of ventilation as compared to the control group and 2) that over the 

period of study, which included the use of the dashboard, tidal volumes were reduced more quickly 

and to a greater degree after exceeding an established threshold.  

The authors should be applauded for their study of interventions that harness readily available 

information technology that could be applied broadly to increase use of a well-validated clinical 

recommendation. Studying and publishing the effects of defaults and other similar efforts 

implemented in clinical practice should be an important focus of medical literature.  

Major areas to address:  

1. The randomized study of default settings on the ventilator is an excellent concept. Please provide 

more details on the randomization process. Although you state that the patients were assigned based 

on ventilator availability, more information is needed to better understand the flow of the trial and 

whether the randomization process may have limited the results. Further, please comment on any 

physical differences between the ventilator models used that would have been apparent to ICU staff.  

 

Author's response - We have included additional information regarding the allocation of ventilators 

and their physical appearance in the manuscript.  

 

2. Please report what the default factory ventilator settings were in the control group. This has a 

significant role in how the two groups differed yet is not specified in the manuscript.  

 

Author's response - We agree that this is highly relevant information and we have included this in the 

manuscript.  

 

3. Please expand the section describing inclusion and exclusion criteria. 1) Did the study include only 

patients who remained on volume-cycled ventilation for a continuous 20 hours? How were patients 

handled who began on volume-cycled and switched to pressure-cycled or other modes during that 

period? Further, was the sample limited to a 20-hour initial period or any period of 20 hours of 

continuous ventilation? If the latter is the case, please provide further information about when (in 

patients’ ventilator courses) this 20-hour period occurred. 2) In the methods section, you state that all 

patients with gaps greater than two hours were excluded, but then you note that for patients with gaps 

less than three hours you interpolated data. Please clarify.  

 

Author's response - All modes of ventilation were included in the analysis and switching between 

pressure and volume modes did not affect inclusion or exclusion. The unit of analysis was tidal 

volume delivered regardless of which mode delivered it. We have clarified the language in the 

manuscript regarding the interpolation – all patients with gaps of two hours or less were interpolated 

and those above two hours were excluded.  

 

4. Please provide a table summarizing the types of patients included in your study. This will be 

important for readers who are determining whether the population included is similar to their own 

clinical population.  

 

Author's response - We agree that this is important information and have included a table 

summarizing the baseline characteristics of the patients. (Table 1.)  
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Please provide data for and comment on the deviation from the initial default settings in each group. 

This is important information that will provide insight into the adherence to the default and clinicians’ 

willingness to expend effort to override the default choice. Further, you note that in order to engage 

the default, the provider has to manually enter the height of the patient. Please provide data on any 

missingness of this input that would have prevented the default’s use.  

 

Author's response - Thank you for raising this important point. We observed that, when the initial TVe 

was low, there was a low deviation from the initial TVe for both Default and Control group. However, 

when the initial TVe was high, there was a large deviation from the initial value for the Control group 

and a comparatively smaller deviation for the Default group. As you point out, this could indeed be 

due to the clinicians willingness to override the initial settings in the Control group. We have added 

this detail to the manuscript.  

 

5. Penetrance of lung-protective ventilation strategies is improving over the time the study was 

performed. As you note, this may be a major limitation of the pre-post design of the dashboard 

intervention. Although you make the conclusion that the data presented “suggest a cultural shift in the 

ICU” this may not be due to the introduction and use of a dashboard. The data may represent a 

cultural shift that would have happened regardless of the dashboard and it is impossible to distinguish 

given the trial design. Similarly, the conclusion that the continued improvements over time suggest 

that clinicians’ interactions with the dashboard system improved is also far-reaching. This may also 

reflect increased attention to the benefits of low tidal volumes regardless of dashboard use or many 

other factors. Qualitative data may have been helpful here, such as interviews with clinicians over 

time regarding their views on lung-protective ventilation and self-reported use of the dashboard or 

observations of ICU work flow and how the dashboard was used during the three-year period.  

 

Author's response - We have altered the discussion points here in the manuscript to reflect that tidal 

volumes are falling over time.  

We agree that qualitative studies are useful here. An embedded qualitative study included in a 

previous evaluation of the dashboards (and cited in this manuscript) found that clinicians agreed in 

principle with lung protective ventilation but often struggled to implement it. We think this highlights 

the usefulness of our interventions.  

 

6. Please clarify whether the dashboard and default trials were initiated simultaneously. If so, you 

smartly did the analysis of the dashboard effect by use of “response to alarm time” rather than simply 

adherence to a recommended tidal volume. Nevertheless, it would be important for readers to 

understand that both interventions were rolled out at the same time, which makes it more difficult to 

tease out the effect of each.  

 

Author's response - We have included this information in the methods section.  

 

7. Were these interventions primarily an intervention targeted at respiratory therapists, nurses, or 

physicians? It may be useful if you have data to support the answer, such as electronic or written 

physician orders that correspond to the ventilator settings to demonstrate physician awareness and 

responsiveness to adherence to lung-protective ventilation. Framing the study as ICU-based 

interventions rather than focusing on physicians may be more accurate if this information is not 

available (or because all ICU professionals may have been influenced by the interventions). Along the 

same lines, how was the study introduced to the ICU? Was there accompanying education provided 

and, if so, to whom?  

 

Author's response - We have included this additional information in the methods section of the 

manuscript.  

Minor areas to address:  
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8. In the methods section, you comment that you down-sampled if needed to get to 1 reading per 

hour. Please describe your sampling methods.  

 

Author's response - The database is typically updated on an hourly basis. However, every time a 

clinician changes a parameter all the variables are polled and updated in the database. While this is 

useful information, it means that sometimes the variables are polled more frequently than an hourly 

interval. In order to eliminate these extra readings we down-sampled the data ensuring that all 

readings in the time series arrived at regular intervals. We have not included this detail in the 

manuscript as we feel that it will detract from the central message.  

 

9. In Figure 2, Panel C, you show that the slope of the control group was much steeper than that of 

the default group. That suggests that the groups may intersect if extended beyond the selected period 

of 20 hours of ventilation, yet it is not entirely clear the reasoning behind the 20-hour cutoff. Are you 

able to perform any sub-group analysis of a subset of patients with longer times on the vent? If the 

data represent the initial 20 hours of ventilation, the intervention of a default setting seems to result in 

an effect on the first portion of ventilation, but perhaps not a benefit past a certain point in time that 

may be identifiable using the data you have.  

 

Author's response - We chose a 20-hour cutoff so that we have a large enough sample of patients for 

both the Defaults and the Dashboard analysis. We have provided theses statistics in the manuscript. 

We have indeed tried different cutoff windows and our results remain general across these windows 

but the longer we make the cutoff window the lower number of patients we retain, which in turn, 

increases the uncertainty of our analysis. A 20 hour window ensured we had enough patients to show 

that these effects were significant while also having a window that was large enough to be clinically 

relevant.  

 

10. In Figure 1, you show that a wide range of clinical data was displayed on the dashboard. Please 

include a discussion of whether there were other alarms for other clinical data points, including a 

comment on alarm fatigue if so.  

 

Author's response - This is an interesting point. Readers will be aware that the ICU contains a 

multitude of alarms, both visual and audible and these may contribute to alarm fatigue. Unfortunately 

it is impossible to assess the influence of additional alarms on our findings with respect to ventilation 

practice.  

 

11. If possible, it would strengthen the paper to include any additional clinical outcomes such as time 

on ventilator, ICU LOS, ABG data, etc. If you did these analyses and they were null, please include a 

statement summarizing those results.  

 

Author's response - We did not collect clinical outcome data as our analysis was targeted at an 

evaluation of the effect of the interventions on ventilation practice. As stated above it would be very 

interesting to study the impact of our interventions on clinical outcomes but we would need a much 

larger study in order to do this. 

VERSION 2 – REVIEW 

REVIEWER Joanna Hart, MD, MS and Scott Halpern, MD, PhD 
University of Pennsylvania, United States 

REVIEW RETURNED 15-Dec-2015 

 

GENERAL COMMENTS The authors have responded adequately to most of the suggested 
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revisions in the manuscript or author response. We identify two 
areas in need of minor revisions.  
 
 
1. Thank you for providing the default factory ventilator settings for 
each group. We noted that the default tidal volume settings were 
520 mL (control) and 450 mL (intervention). Do you have data on the 
deviation from these initial defaults? For example, how frequently did 
physicians or nurses fail to account for height of the patient and 
simply rely on the default setting? This may be important information 
for future interventions, including decisions about what the default 
factory settings should be.  
 
2. Thank you for clarifying that the sampling was limited to 20-hour 
initial ventilation or post-initial alarm period. Although you provide 
some rationale for this selected time period, please clarify your 
methods for arriving at 20 hours.  

 

VERSION 2 – AUTHOR RESPONSE 

Thank you for these further comments. We answer each below  

 

1) Unfortunately we do not have data on how often the height was entered onto individual ventilators 

in the intervention group. However the data shows that there is very close adherence with the target 

tidal volume in the intervention with very small variation.  

 

2)We chose the 20 hour limit in order to have a clinically meaningful sample whilst still including large 

numbers of patients in the analysis. This is explained in the manuscript. 
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