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OBJECTIVES: The main objective of this study was to evaluate trends in set 
tidal volumes across all adult ICUs at a large academic medical center over 
6 years, with a focus on adherence to lung-protective ventilation (≤ 8-cc/kg 
ideal body weight). A secondary objective was to survey providers on their 
perceptions of lung-protective ventilation and barriers to its implementation.

DESIGN: Retrospective observational analysis (primary objective) and 
cross-sectional survey study (secondary objective), both at a single center.

PARTICIPANTS: Mechanically ventilated adult patients with a set tidal 
volume (primary objective) and providers rotating through the Medical and 
Neurosciences ICUs (secondary objective).

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: From 2013 to 2018, the 
average initial set tidal volume (cc/kg ideal body weight) decreased from 
8.99 ± 2.19 to 7.45±1.34 (p < 0.001). The cardiothoracic ICU had the 
largest change in tidal volume from 11.09 ± 1.96 in 2013 to 7.97 ± 1.03 
in 2018 (p < 0.001). Although the majority of tidal volumes across all 
ICUs were between 6.58 and 8.01 (interquartile range) in 2018, 27% of 
patients were still being ventilated at volumes greater than 8-cc/kg ideal 
body weight. Most surveyed respondents felt there was benefit to lung-
protective ventilation, though many did not routinely calculate the set tidal 
volume in cc/kg ideal body weight, and most did not feel it was easily cal-
culable with the current electronic medical record system.

CONCLUSIONS: Despite a trend toward lower tidal volumes over the 
years, in 2018, over a quarter of mechanically ventilated adult patients 
were being ventilated with tidal volumes greater than 8 cc/kg. Survey data 
indicate that despite respondents acknowledging the benefits of lung-pro-
tective ventilation, there are barriers to its optimal implementation. Future 
modifications of the electronic medical record, including a calculator to 
set tidal volume in cc/kg and the use of default set tidal volumes, may help  
facilitate the delivery of and adherence to lung-protective ventilation.
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Lung-protective ventilation (LPV; ≤ 8-cc/kg ideal body weight [IBW]) has 
been demonstrated to reduce a host of adverse outcomes in mechani-
cally ventilated patients both with (1) and without the acute respiratory 

distress syndrome (ARDS) (2). A randomized control trial of major abdom-
inal surgery patients found that those treated with 6–8 cc/kg IBW had a lower 
requirement for ventilatory support in the postoperative period and shorter 
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lengths of stay than those who received 10–12-cc/kg 
IBW (3). Furthermore, among patients undergoing 
general anesthesia, 6–8 versus greater than 10-cc/kg 
IBW decreased postoperative lung infection, atelec-
tasis, acute lung injury, and hospital length of stay (4).

Despite strong evidence of the benefits of LPV, nu-
merous studies have demonstrated variable adherence 
(3, 5). Surveys of critical care physicians, nurses, and 
respiratory therapists (RTs) demonstrated low utiliza-
tion despite few perceived barriers and positive attitudes 
toward low tidal volume ventilation (LTVV) (6, 7). Our 
objective was to evaluate tidal volume (TV) trends over 
6 years at a 1,541-bed academic medical center.

MATERIALS AND METHODS

We reviewed all adult patient ventilation records with 
modes requiring set TVs (e.g., assist control volume 
control) at our institution from February 2013 (when 

the current electronic medical record [EMR] was imple-
mented) to December 2018, and evaluated data from all 
adult ICUs: medical ICU (MICU), surgical ICU, cardio-
thoracic ICU (CTICU), neurologic ICU (NICU), and 
cardiac ICU. A total of 18,563 ventilated admissions 
were identified. Data from patients on extracorporeal 
membrane oxygenation (ECMO) (n = 88, 0.005%) and 
with incomplete information (n = 1,382, 0.075%) were 
excluded, leaving 17,093 admissions in the analysis. 
A sample of greater than 100 admissions underwent 
manual spot checks to verify the accuracy of the data. 
We converted set TV in cc to cc/kg IBW based on pa-
tient height and gender, and evaluated the correlation 
between TV and type of ICU, gender, and height.

We surveyed attendings, fellows, residents, ad-
vanced practice providers (APPs), nurses, and RTs 
in the MICU and NICU from January 17, 2019, to 
February 6, 2019, collecting demographic data and 
perceived benefit of LPV in the cases with and without 

Figure 1. Tidal volume (TV) changes over time. Each point represents a data point, with red line illustrating mean ± sd. From 2013 to 
2018, the initial set TVs across all ICUs (in cc/kg ideal body weight [IBW]) decreased from (mean ± sd) 8.99 ± 2.19 to 7.45 ±1.34  
(p < 0.001). In 2018, 27% of ventilator encounters still had a set TV > 8 cc/kg IBW.
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ARDS. We asked respondents about their approach to 
calculating TV and how difficult they found it in the 
current EMR (which asks the provider to enter TV in 
cc) on a 5-point Likert scale.

Our study was reviewed by the Yale University in-
stitutional review board and granted exemption with 
protocol ID 2000023894.

RESULTS

From 2013 to 2018, the average initial set TV (cc/kg 
IBW) decreased from 8.99 ± 2.19 to 7.45 ± 1.34 (p < 0.001  
by t test) (Fig. 1). The CTICU had the largest change in 
TV (cc/kg IBW) from 11.09 ± 1.96 in 2013 to 7.97 ± 1.03 
in 2018 (p < 0.001) (Fig. 2). The MICU had the lowest TV  
(cc/kg IBW) with a mean of 7.05 ± 1.63 in 2018 (range 
for other ICUs, 7.20–7.97). Although the majority of 
TVs across all ICUs were between 6.58 and 8.01 (inter-
quartile range) in 2018, 27% of patients were still being 
ventilated at volumes greater than 8-cc/kg IBW. Of the 
patients being ventilated at greater than 8-cc/kg IBW 
in 2018, 58% were female and the average height was 
64.3 ± 4.16 inches, significantly lower than the average 
height of all patients, 67.1 ± 4.31 inches (p < 0.001). Of 
those ventilated at greater than 9-cc/kg IBW, 79% were 
female and the average height was 61.8 ± 3.83 inches, 
also significantly lower (p < 0.001).

We received 104 survey responses from 118 distributed 
(response rate 88%). Eight were from attendings, 11 fel-
lows, 47 residents, 15 nurses, 12 APPs, and 11 RTs. Most 
respondents (85%) felt that there was benefit to LPV even 
in the cases without ARDS. However, 11 of the respon-
dents (10%) reported not routinely calculating TV in  
cc/kg IBW, and six reported (6%) using an educated guess 
by looking at the patient. Some respondents incorrectly 
asked for the patient’s actual weight, rather than attempt-
ing to determine IBW; only 32 (31%) reported looking 
up patient height and referring to the acute respiratory 
distress syndrome network (ARDSNet) table (1). Only 25 
(24%) of respondents thought it was easy to calculate op-
timal TV with the current EMR; 40 (38%) found it diffi-
cult and 32 (31%) neither easy nor difficult.

DISCUSSION

In this study, over 6 years at a major academic medical 
center, we found that TVs decreased significantly across 
all ICUs, even with exclusion of ECMO. This trend to-
ward smaller TV is similar to what has been described 
in other studies (8, 9), reflecting the growing body of ev-
idence in support of LPV and greater emphasis on ad-
herence by ICU leadership. The CTICU’s TV decreased 
the most during the study period, likely due to a TV ini-
tiative by CTICU leadership and the hiring of dedicated 

Figure 2. Tidal volume (TV) changes, by type of ICU, over time. Each point represents a data point, with red line illustrating  
mean ± sd. The cardiothoracic ICU (CTICU) had the highest TVs, though decreased in average initial TV (cc/kg ideal body weight) 
from (mean ± sd) 11.09 ± 1.96 in 2013 to 7.97 ± 1.03 in 2018 (p < 0.001). CCU = cardiac ICU, MICU = medical ICU,  
NICU = neurosciences ICU, SICU = surgical ICU.
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intensivists. Though we did not directly survey the 
CTICU’s rotators, this conclusion was reached in discus-
sion with the CTICU’s director and conversations with 
senior ICU leadership present during the years of interest.

Despite the movement toward safer TV, in 2018, 27% 
of ventilator encounters still had a set TV greater than 
8-cc/kg IBW. Studies have shown significant variability in 
TV choices (10). Women and those of shorter height were 
disproportionately affected by overventilation, potentially 
due to the inappropriate use of “eyeball” estimates, the use 
of actual (rather than IBW) body weight, or the use of de-
fault TVs in cc. Others have reported similar risks of over-
ventilation in women (11) (56% of women being ventilated  
at > 8-cc/kg IBW as compared with only 9% of men, in 
one study) (12). Similar to our findings, other studies 
have demonstrated up to a six-fold risk of overventilation 
in shorter patients (13).

Despite the vast majority of survey respondents 
acknowledging the benefits of LPV in both our results 
and in the literature (6, 7), many did not precisely calcu-
late TV and found it challenging to use the EMR to do 
so. Respondents used a wide array of tools to estimate 
TV, including MD calculator, the ARDSnet table (14), 
and smart phone applications. Studies have shown that 
education, guidelines, and protocols improve LPV ad-
herence (15, 16), as do simple interventions such as cal-
culators attached to ventilators (17), reference cards (18), 
and screens displaying TV in units of cc/kg IBW (19).  
In some institutions, bedside staff such as nurses and 
RTs measure height and perform TV calculations, and 
they are an important audience for interventions as well.

We favor modifying the order set in the EMR so that 
providers may set TV in cc/kg IBW, with the initial de-
fault TV no higher than 8-cc/kg IBW, rather than the 
current standard of entering TV in cc. Changing the 
default order set has been shown to improve adherence 
to LPV (20). This approach would save time by elimi-
nating the need for an external resource to calculate cc/
kg IBW and increase adherence to best practices (21).

Limitations include the retrospective, single-center 
nature of our study. We also did not investigate the un-
derlying reasons for intubation, nor did we evaluate out-
comes of overventilation in the study population. Survey 
responses were collected on a voluntary basis, and we 
were not able to survey all the types of ICUs. Although 
it would have been interesting to evaluate the subgroup 
with ARDS, this is difficult to identify without direct 
adjudication, which was precluded by our large sample 

size. To begin with, it is already known that physicians 
are poor at recognizing and documenting ARDS, and 
standard ICU monitoring systems are similarly inad-
equate (22). Studies of LTVV delivery in the cases of 
ARDS have required significant physician adjudica-
tion of each observation (23). There is development 
of sophisticated machine-learning algorithms to ab-
stract the diagnosis of ARDS from patient charts (24),  
as well as programs to suspect ARDS based on a com-
bination of lab work and imaging results (22), but these 
are not yet used in regular clinical practice. Although this 
was beyond the scope of this particular project to com-
pare ARDS vs non-ARDS cases, others have shown that 
patients with ARDS do receive lower TV ventilation (10), 
and we do see lower TVs in the MICU, which is more 
likely to have cases of ARDS than the other types of ICUs.

CONCLUSIONS

Despite trends toward lower TV in clinical practice, 
there are still many adult ICU patients being ventilated 
at higher-than-optimal TVs. Targeted education and 
the use of EMR defaults may facilitate the delivery of 
and adherence to LPV.

ACKNOWLEDGMENTS

We thank Dr. Mark Siegel and Dr. Vincent Quagliarello 
for their support of the Research in Residency program, 
and Dr. Peter Marshall for his support of this project. 
We thank Dr. Hossam Tantawy and Dr. Margaret 
Pisani for their discussion of institutional ICU policies. 
We also thank John C. Huston, Stacy C. Brown, Hayley 
P. Israel, and Rachel B. Beekman for their help with 
survey distribution.

	 1	 Division of Pulmonary and Critical Care Medicine, 
Northwestern University Feinberg School of Medicine, 
Chicago, IL.

	 2	 Section of Hematology/Oncology, Department of Medicine, 
The University of Chicago, Chicago, IL.

	 3	 Section of Pulmonary, Critical Care, and Sleep Medicine, 
Yale School of Medicine, New Haven, CT.

	 4	 Joint Data Analytics Team, Yale New Haven Hospital, New 
Haven, CT.

An earlier version of these data was presented as an oral presen-
tation during the CHEST 2019 Annual Meeting in New Orleans, 
LA, in October 2019.



Brief Report

Critical Care Explorations	 www.ccejournal.org          5

Our study was reviewed by the Yale University IRB and granted 
exemption with protocol ID 2000023894.

Dr. Gao had full access to the data and takes responsibility for 
the integrity of the data, accuracy of analysis, and content of the 
article. She drafted the design of the study, gathered the survey 
data, performed analysis and interpretation of the data, and 
drafted the article. Dr. Howard performed analysis of the data and 
reviewed the article. Dr. Siner contributed to design of the study 
and revision of the article. Mr. Candido performed analysis of the 
data. Dr. Ferrante oversaw the design of the study, interpretation 
of the data, and revision of the article.

Dr. Ferrante is supported by a Paul B. Beeson Emerging 
Leaders in Aging Research Career Development Award from 
the National Institute on Aging (K76 AG057023) and the Yale 
Claude D. Pepper Older Americans Independence Center (P30 
AG021342). The remaining authors have disclosed that they do 
not have any potential conflicts of interest.

For information regarding this article, E-mail: catherine.gao@
northwestern.edu

REFERENCES
	 1.	 Fan E, Del Sorbo L, Goligher EC, et al; American Thoracic Society, 

European Society of Intensive Care Medicine, and Society of 
Critical Care Medicine: An Official American Thoracic Society/
European Society of Intensive Care Medicine/Society of Critical 
Care Medicine clinical practice guideline: Mechanical ventilation 
in adult patients with acute respiratory distress syndrome. Am J 
Respir Crit Care Med 2017; 195:1253–1263

	 2.	 Serpa Neto A, Cardoso SO, Manetta JA, et al: Association be-
tween use of lung-protective ventilation with lower tidal vol-
umes and clinical outcomes among patients without acute 
respiratory distress syndrome: A meta-analysis. JAMA 2012; 
308:1651–1659

	 3.	 Futier E, Constantin JM, Paugam-Burtz C, et al; IMPROVE 
Study Group: A trial of intraoperative low-tidal-volume ventila-
tion in abdominal surgery. N Engl J Med 2013; 369:428–437

	 4.	 Yang D, Grant MC, Stone A, et al: A meta-analysis of intraop-
erative ventilation strategies to prevent pulmonary complica-
tions: Is low tidal volume alone sufficient to protect healthy 
lungs? Ann Surg 2016; 263:881–887

	 5.	 Newell CP, Martin MJ, Richardson N, et al: Protective mechan-
ical ventilation in United Kingdom critical care units: A multi-
centre audit. J Intensive Care Soc 2017; 18:106–112

	 6.	 Weiss CH, Baker DW, Tulas K, et al: A critical care clinician 
survey comparing attitudes and perceived barriers to low tidal 
volume ventilation with actual practice. Ann Am Thorac Soc 
2017; 14:1682–1689

	 7.	 Sjoding MW, Gong MN, Haas CF, et al: Evaluating delivery of 
low tidal volume ventilation in six ICUs using electronic health 
record data. Crit Care Med 2019; 47:56–61

	 8.	 Schaefer MS, Serpa Neto A, Pelosi P, et al: Temporal changes 
in ventilator settings in patients with uninjured lungs: A sys-
tematic review. Anesth Analg 2019; 129:129–140

	 9.	 Mehta A, Dernoncourt F, Walkey A: Trend analysis: Evolution 
of tidal volume over time for patients receiving invasive me-
chanical ventilation. In: Secondary Analysis of Electronic Health 
Records. Cham, Switzerland, Springer, 2016

	10.	 Chang SY, Dabbagh O, Gajic O, et al; United States Critical 
Illness and Injury Trials Group: Lung Injury Prevention Study 
Investigators (USCIITG-LIPS): Contemporary ventilator man-
agement in patients with and at risk of ALI/ARDS. Respir Care 
2013; 58:578–588

	11.	 Han S, Martin GS, Maloney JP, et al: Short women with severe 
sepsis-related acute lung injury receive lung protective venti-
lation less frequently: An observational cohort study. Crit Care 
2011; 15:R262

	12.	 Isenberg DL, Bloom B, Gentile N, et al: Males receive low-
tidal volume component of lung protective ventilation more 
frequently than females in the emergency department. West J 
Emerg Med 2020; 21:684–687

	13.	 Sasko B, Thiem U, Christ M, et al: Size matters: An observa-
tional study investigating estimated height as a reference size 
for calculating tidal volumes if low tidal volume ventilation is 
required. PLoS One 2018; 13:e0199917

	14.	 ARDSNet Table. Available at: http://www.ardsnet.org/files/
pbwtables_2005-02-02.pdf. Accessed September 25, 2020

	15.	 Nota C, Santamaria JD, Reid D, et al: The impact of an educa-
tion program and written guideline on adherence to low tidal 
volume ventilation. Crit Care Resusc 2016; 18:174–180

	16.	 Fuller BM, Ferguson IT, Mohr NM, et al: Lung-protective ven-
tilation initiated in the emergency department (LOV-ED): 
A quasi-experimental, before-after trial. Ann Emerg Med 2017; 
70:406–418.e4

	17.	 Holden S, Nichani R: Low tidal volume ventilation. J Intensive 
Care Soc 2018; 19:171–172

	18.	 Shah CK, Moss A, Henderson W, et al: Quick reference tidal 
volume cards reduce the incidence of large tidal volumes dur-
ing surgery. J Anesth 2018; 32:137–142

	19.	 Bourdeaux CP, Birnie K, Trickey A, et al: Evaluation of an inter-
vention to reduce tidal volumes in ventilated ICU patients. Br J 
Anaesth 2015; 115:244–251

	20.	 Short B, Serra A, Tariq A, et al: Implementation of lung protec-
tive ventilation order to improve adherence to low tidal volume 
ventilation: A RE-AIM evaluation. J Crit Care 2020 Sep 20. 
[online ahead of print]

	21.	 McGreevey JD 3rd: Order sets in electronic health records: 
Principles of good practice. Chest 2013; 143:228–235

	22.	 Herasevich V, Yilmaz M, Khan H, et al: Validation of an elec-
tronic surveillance system for acute lung injury. Intensive Care 
Med 2009; 35:1018–1023

	23.	 Weiss CH, Baker DW, Weiner S, et al: Low tidal volume ventila-
tion use in acute respiratory distress syndrome. Crit Care Med 
2016; 44:1515–1522

	24.	 Apostolova E, Uppal A, Galarraga JE, et al: Towards reliable 
ARDS clinical decision support: ARDS patient analytics with 
free-text and structured EMR data. AMIA Annu Symp Proc 
2019; 2019:228–237

mailto:catherine.gao@northwestern.edu
mailto:catherine.gao@northwestern.edu
http://www.ardsnet.org/files/pbwtables_2005-02-02.pdf
http://www.ardsnet.org/files/pbwtables_2005-02-02.pdf

