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Background: Limited evidence suggests that intraoperative lung-protective ventilation (LPV) during one-
lung ventilation (OLV) may reduce respiratory complications after thoracic surgery. Little is known about 
LPV practices during OLV. Our purpose was to assess the state of practice/perspectives of anesthesiologists 
regarding LPV during elective OLV. 
Methods: We conducted a multi-institutional cross-sectional survey of anesthesiologists performing OLV 
at high-volume Canadian tertiary/university centers. The survey was designed, refined and distributed by a 
multi-disciplinary team using the Dillman method. Univariable and multivariable analyses were used.
Results: Seventy-five (63%) of 120 eligible respondents completed the survey. Although the critical care 
literature focuses on minimizing tidal volume (TV) as the central strategy of LPV, most respondents (89%, 
n=50/56) focused on minimizing peak airway pressure (PAP) as their primary strategy of intraoperative LPV. 
Only 64% (n=37/58) reported actively trying to minimize TV. While 32% (n=17/54) were unsure about 
the current evidence regarding LPV, 67% (n=36/54) believed that the evidence favoured their use during 
OLV. Perceived clinical and institutional barriers were the only predictors of reduced attempts to minimize 
TV on univariate analyses. In multivariable/adjusted analyses, perceived institutional barriers were the only 
predictors of reduced attempts to minimize TV with adjusted odds ratio of 0.1 (95% CI: 0.03–0.6).
Conclusions: Most anesthesiologists defined low PAP as the primary strategy of LPV during OLV and 
attempted to minimize it. This study is the first to assess the practice/perspectives of anesthesiologists 
regarding LPV during OLV and also the first to explore predictors of LPV use. Randomized trials are 
currently ongoing. However, this study suggests that institutional barriers may subvert future knowledge 
translation and need to be addressed. 
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Introduction

Acute respiratory distress syndrome (ARDS) and acute lung 
injury (ALI) are often devastating complications after major 
lung resections. The incidence ARDS and ALI after major 
lung resections has been reported to range from 2% to 4% 
in large cohort studies (1-3). When they occur, they can be 
associated with a 50–70% mortality (1-3). Strong evidence 
exists supporting the use of lung-protective ventilation 
(LPV) strategies in the setting of ARDS and ALI (4-6). The 
central element of these LPV strategies has been shown to 
be the use of low tidal volumes (TV) defined as 4–6 cc/kg of 
predicted body weight (3,7). LPV strategies also encompass 
lower peak airway pressures (PAP) in order to reduce 
barotrauma, higher positive end-expiratory pressure (PEEP) 
in order to reduce atelectotrauma and lower fractions of 
inspired oxygen (FiO2) in order to reduce oxygen toxicity 
(8-10). LPV has been shown to reduce mortality and increase 
ventilation-free days in patients with ARDS and ALI in 
the intensive care setting (4). Recent evidence has further 
demonstrated that minimization of TV as a lung-protective 
strategy improves respiratory outcomes in anesthetized 
patients at risk of pulmonary complications undergoing 
abdominal surgery and ICU patients even in the absence 
of pre-existing ARDS or ALI (11,12). There has been 
increasing interest in determining whether intra-operative 
LPV strategies may reduce respiratory complications and/
or mortality following thoracic surgery requiring one-
lung ventilation (OLV). Traditionally, concerns about the 
deleterious effects of intra-operative acidosis, hypoxia and 
pulmonary shunting resulted in OLV being performed with 
high TVs, high FiO2 and low PEEP (10,13). Recent studies 
have challenged these conventions and have shown that 
LPV during OLV surgeries is associated with a reduction 
in inflammatory markers as well as clinical surrogates 
of pulmonary dysfunction post-operatively (10,13,14). 
Thus, although no direct evidence exists demonstrating a 
reduction in respiratory complications or mortality with use 
of intra-operative LPV strategies during OLV surgeries, 
there has been a call to adopt LPV in this setting (7,10,15). 
Little is known about LPV practices in the setting of OLV 
surgeries. Our primary objective was to assess the state 
of practice as well as the perspectives of anesthesiologists 
regarding LPV during elective OLV surgeries in high-
volume academic centres. Our secondary objectives were 
to assess the barriers to implementation of LPV strategies 
during elective OLV cases and to determine the factors that 
predict use of LPV by anesthesiologists during OLV. These 
are the first critical steps to a knowledge translation process. 

Methods

A cross-sectional survey was designed, piloted and refined 
by a multi-disciplinary team comprising of thoracic 
surgeons, anesthesiologists, critical care physicians and 
clinical epidemiologists. The survey development process 
began with item generation by the multi-disciplinary team 
followed by multiple (8) iterations of piloting to allow for 
item reduction (from 60 questions down to 32) and testing 
for clinical sensibility as well as face, content and construct 
validity. The Dillman or tailored design method was used 
to guide the development, administration and distribution 
of this survey (16). After institutional research ethics board 
approvals, this survey was distributed electronically to all 
anesthesiologists who perform OLV surgeries in 3 high-
volume Canadian tertiary centers. Anesthesiologists who 
perform OLV surgeries at each center were identified 
by each department of anesthesiology. The number of 
lung cancer operations in these centres ranged from 
approximately 205 to 600 in the 2010–2011 fiscal year, 
with additional OLV cases being performed for benign 
disease (17). Our initial plan was to use this 3-center survey 
as a platform to launch a broader national survey. These 
3 centers were chosen because we anticipated that, due 
to their academic and high-volume nature as well as their 
location in the same province (within 200 kilometres of 
each other), they would result in a relatively homogeneous 
reference standard for responses from academic and 
non-academic OLV anesthesiologists across the country. 
Thus, we felt it important to report this unanticipated 
heterogeneity. For univariate analysis, normally distributed 
continuous data were analyzed using independent sample 
t-tests, while the non-parametric Mann-Whitney U test 
was utilized where data were not normally distributed. 
Fisher’s exact tests were used for univariate analysis of 
categorical data. Multivariable logistic regression with 
backward stepwise modelling was used to analyze the 
predictors of attempts to minimize TV by anesthesiologists 
during OLV. Predictors were theory-driven (i.e., factors 
that the multi-disciplinary team believed would influence an 
anesthesiologist to actively minimize TVs) and were chosen 
a priori. A 2-sided alpha of 0.05 was used for all tests of 
significance. Analyses were performed using SPSS/PASW 
v.20 (IBM Corporation, Armonk, NY, USA). 

Results

Seventy-five (63%) of 120 eligible respondents completed 
the survey. Completion rates ranged from 51% to 
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74% among the centers. Overall,  the respondents 
had been practicing as anesthesiologists for a mean of  
15.8±10.3 years. The respondents had a varied practice with 
OLV surgeries comprising a mean of 8.6% (6.9%) of their 
caseload in the year preceding the survey. All following 
reported percentages for categorical data represent the 
analyzable dataset (i.e., excluding missing responses). Males 
comprised 64% (n=36) of respondents; 19 respondents 
(25%) did not specify their sex. Only 13% (n=10) 
reported any formal fellowship training in cardiothoracic 
anesthesia and only 25% (n=19) reported ever having 
worked as a critical care physician in an intensive care 
unit (ICU). Approximately 61% (n=46) perceived that the 
LPV evidence in the ICU setting was very or somewhat 
applicable to the intra-operative setting whereas 7% (n=5) 
perceived a lack of applicability. The remaining respondents 
were undecided about the applicability of the ICU evidence 
to the intra-operative setting. Approximately 39% and 47% 
of respondents used predominantly Pressure-controlled and 
Volume-controlled ventilation modes, respectively; the rest 
reported equal use of both ventilation modes. 

Although the literature in the ICU setting focuses on 
minimizing TV as the primary strategy of LPV, most 
respondents (89%, n=50 out of 56 respondents) reported 
focusing on minimizing PAP as their primary strategy 
of intra-operative LPV. Respondents reported trying to 
keep PAP below a mean of 30.3 (5.8) cmH2O (median  

30 cmH2O, interquartile range, 30–35) (Figure 1). Only 
64% (n=37 out of 58 respondents) reported actively trying 
to minimize TV. Respondents reported trying to keep TV 
below a mean of 6.4 (1.5) cc/kg predicted body weight 
(median 6 cc/kg, interquartile range, 5–7) (Figure 2). All 
respondents reported that their practices did not change 
with VATS with respect to minimization of PAP and TV. 
Approximately 73% (n=41 of 56) reported their PAP and/
or TV minimization strategies would be very similar for 
bilateral lung ventilation cases. When asked to rate in 
order of importance what defines LPV, the aggregate order 
placed minimization of PAP as most important followed by 
minimization of TV (Figure 3).

While 32% (n=17 of 54) were unsure whether the 
current evidence supported the use LPV during OLV, 67% 
(n=36 of 54) believed that the evidence favoured their use 
during OLV. Thus, respondents were either unsure about 
the evidence or thought it favoured the use of LPV during 
OLV. Figure 4 depicts the populations that respondents 
felt would benefit from LPV. In general, it appeared that 
respondents believed that LPV practices would benefit 
patients with poorer baseline lung function and those with 
larger pulmonary resections. 

Since anesthesiologists were more likely to focus on 
minimizing PAP rather than TV, we were interested in 
determining which factors predicted active attempts to 
minimize TVs during OLV surgeries. On univariate analyses, 

Figure 1  Target PAPs as reported by anesthesiologists. 
Respondents reported trying to keep PAP below a mean of 30.3 
(5.8) cmH2O (median 30 cmH2O, interquartile range, 30–35). PAP, 
peak airway pressure.

Figure 2 Target tidal volumes as reported by anesthesiologists. 
Respondents reported trying to keep TV below a mean of  
6.4 (1.5) cc/kg predicted body weight (median 6 cc/kg, interquartile 
range, 5–7). TV, tidal volume.
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Figure 3 Rating of elements of lung protective ventilation. When asked to rate in order of importance what defines LPV, the aggregate 
order placed minimization of PAP as most important followed by minimization of TV. 1, Most defining/important element of LPV; 4, least 
defining/important element of LPV. LPV, lung-protective ventilation; PAP, peak airway pressure; TV, tidal volume.

Figure 4 Patient populations that would benefit from LPV during OLV surgery. In general, it appeared that respondents believed that LPV 
practices would benefit patients with poorer baseline lung function and those with larger pulmonary resections. GLF, good lung function; 
VATS, video-assisted thoracic surgery; PLF, poor lung function; LPV, lung-protective ventilation; OLV, one-lung ventilation.
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Table 1 Predictors of active attempts to keep low tidal volume

Predictors
Actively attempts low  
tidal volume (n=35)

Does not actively attempt  
low tidal volume (n=22)

P

Mean # of years in practice (SD) 14.9 (10.1) 15.4 (10.5) 0.87

Mean % of caseload spent doing OLV in preceding year (SD) 8.7 (6.0) 8.3 (6.3) 0.85

Cardiothoracic Anesthesia Fellowship 7 (20.0%) 2 (9.1%) 0.46

Ever worked as ICU physician 14 (40.0%) 4 (18.2%) 0.14

Perceived clinical barriers to low tidal volume implementation 19 (54.3%) 18 (81.8%) 0.047*

Perceived institutional barriers to low tidal volume implementation 6 (17.1%) 13 (59.1%) 0.002*

Perceived intraoperative applicability of ICU LPV evidence 23 (65.7%) 9 (40.9%) 0.25

On univariable analyses, perceived clinical (P=0.047) and institutional (P=0.002) barriers were the only significant predictors such that they 
predicted reduced attempts to minimize tidal volume. *, significant using 2-sided Fisher’s Exact test with α=0.05. SD, standard deviation; 
OLV, one-lung ventilation; ICU, intensive care unit; LPV, lung protective ventilation.

perceived clinical (P=0.047) and institutional (P=0.002) 
barriers were the only significant predictors such that they 
predicted reduced attempts to minimize TV (Table 1).  
The main clinical barriers to minimizing TVs reported 
were: concern about atelectasis (40%, n=20), concern 
about hypoxia and acidosis (36%, n=18), as well as the 
sense that there were too many other competing demands 
intra-operatively (14%, n=7). The main institutional 
barriers (i.e., customs and practice patterns in a workplace) 
reported were: a lack of a protocol to implement low TV 
in the context of LPV (24%, n=12) and perceived surgeon/
institutional bias against low TV during OLV (10%, n=5). 
However, 76% (n=39/51) of the anesthesiologists reported 
no institutional barriers to implementation.

In multivariable analyses (adjusted for variables in Table 1),  
perceived institutional barriers were the only predictors 
of reduced attempts to minimize TV with an adjusted 
odds ratio of 0.1 [95% confidence interval (CI): 0.03–0.6]. 
The omnibus test of model co-efficient was significant at 
P=0.01. The Hosmer-Lemeshow test could not reject the 
null hypothesis of model goodness-of-fit (P=0.47); thus, the 
model was presumed to have good fit.

Discussion & conclusions

To our knowledge, this study is the first to assess the 
reported practices and perspectives of anesthesiologists 
regarding LPV during OLV in North America & 
also the first to explore predictors of targeting low 
TVs. In this study, most anesthesiologists defined low 

PAP as the primary strategy of LPV during OLV and 
actively attempted to minimize it. There was a trend 
among respondents towards predominantly volume-
controlled ventilation. Approximately 64% of responding 
anesthesiologists reported actively trying to minimize TV. 
In multivariable analyses, perceived institutional barriers 
were the only independent predictors of reduced attempts 
to minimize TV with an adjusted odds ratio of 0.1 (95% 
CI: 0.03–0.6). Thus, on self-report, anesthesiologists 
were significantly less likely to try minimizing TVs if 
they perceived institutional barriers to doing so. Thus, 
even though the majority of the anesthesiologists (76%) 
reported no institutional barriers to implementing low 
TVs, it seems that perceived institutional barriers may still 
be an important factor in knowledge translation. These 
analyses were adjusted for certain factors that may have 
influenced respondents’ likelihood of actively trying to 
minimize TV during OLV surgeries and included clinical 
experience (i.e., number of years in practice, percent of 
caseload spent doing OLV), extra training in the form of a 
cardiothoracic anesthesia fellowship and work as an ICU 
physician. Thus, when you control for these factors using 
statistical methods, it appears that clinical experience, extra 
cardiothoracic training or ICU work experience do not 
predict implementation of low TV. The main institutional 
barriers reported were a lack of a protocol to implement 
low TV during OLV and perceived surgeon/institutional 
bias against low TV during OLV. It is unclear from our 
study what specific surgeon or institutional bias the 
respondents perceived; perhaps the surgeons or institution 
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were perceived to be biased against the risk of hypoxia or 
atelectasis during OLV surgery. Future mixed methods 
studies should explore the specific surgeon or institutional 
barriers against low TV perceived by anesthesiologists.

In a British study by Shelley et al., 40% of respondents 
reported ventilating to a target median TV of 6 cc/kg 
(interquartile range, 5–7) (18). This align with our finding 
that minimization of TV is not being universally applied 
by anesthesiologists overseeing OLV surgeries. Although 
Shelley et al.’s survey was not designed to investigate 
perspectives and practices regarding LPV, they comment 
that LPV strategies are becoming increasingly incorporated 
in the UK thoracic anesthesia practice (18). This was based 
on their findings regarding median TV targets as well 
reports of more permissive approaches to hypercapnia (18).  
A national Italian study surveyed 92 thoracic surgery 
centres in Italy and found that 51% of centres reported 
ventilating to a target TV of 4–6 cc/kg (19). They also 
found that 42.5% reported using mainly pressure-
controlled ventilation. It is difficult to compare and contrast 
findings between these two studies and ours for several 
reasons. First, these two studies focussed solely on general 
practice patterns while the descriptive component of our 
study focussed specifically on intra-operative LPV during 
OLV surgeries. Secondly, these two studies were purely 
descriptive in nature and did not include an explanatory/
inferential component as did ours. 

This study has several limitations. First, this was a 
survey study of self-report data which has known risks of 
introducing bias. However, our objective of determining 
the perspectives of anesthesiologists could not have been 
accomplished in any other way. Furthermore, although self-
report increases bias in determining practice patterns, we 
would expect self-report bias to be operating in a direction 
opposite to that observed in this study. Specifically, since 
the majority of respondents reported a belief that current 
evidence supported use of low TVs during OLV surgeries, 
we would expect self-report bias to operate in the direction 
of over-reporting use of LPV strategies and minimization 
of TV. Thus, the proportion of respondents who actively 
attempt to minimize TV may be actually much lower. 
Another weakness is the subtotal response rate, which is 
frequently inherent in this type of study design. There is 
a potential that availability of data from more respondents 
could have changed the magnitude and/or direction 
of effects reported in this study due to increased risks 
of nonresponse and selection biases (20,21). However, 
our response rate of 63% would be considered a very 

good response rate among survey studies, especially of 
health professionals (20,21). In fact our response rate was 
considerably higher than the response rates in the British 
(<30%) and Italian (<50%) studies (18,19). Finally, this 
study only touched briefly on the issue of PEEP as it relates 
to intra-operative LPV. A follow-up study will investigate 
its role within LPV strategies in current practices. This will 
be a national survey administered to the national association 
of anesthesiologists; it will utilize factor analysis of this 
current survey to further reduce the number of questions 
and thereby reduce non-response rate. Despite these 
limitations, this study has several strengths. It is novel and 
has the potential to inform future research in this area. Most 
importantly, however, the survey was designed, refined and 
administered using rigorous survey methodology. 

Over the past decade, mounting evidence has shown that 
LPV during OLV surgeries is associated with a reduction in 
markers of lung injury (22-24). Most recently, a randomized 
controlled trial (RCT) with 100 patients demonstrated that 
intra-operative LPV during OLV resulted in significantly 
fewer cases of post-operative radiographic lung infiltration 
or atelectasis (2 vs. 10, P=0.03) and fewer cases of PaO2/
FiO2 ratios of less than 300 (1 vs. 8, P=0.03) (13). The LPV 
protocol consisted of FiO2 =0.5, PEEP 5 cmH2O and TV 
of 6 cc/kg predicted body weight while the conventional 
ventilation protocol consisted of FiO2 =1.0, no PEEP and 
TV of 10 cc/kg predicted body weight. However, there was 
no difference in ALI rate despite the study being reportedly 
powered to detect such a difference. Currently, no strong 
evidence exists demonstrating a reduction of respiratory 
complications or mortality with use of intra-operative 
LPV strategies during OLV surgeries. Nevertheless, many 
experts in cardiothoracic anesthesia have called for adoption 
of LPV in this setting (7,10,15). RCTs with clinically-
important outcomes (i.e., respiratory complications, 
mortality) are needed and, in fact, there are several RCTs 
currently or on the cusp of recruiting patients (25,26). 

Ventilation management during OLV is a highly complex 
process that involves the interplay between TV, airway 
pressures, PEEP, patient lung function and patient body 
morphology. When low TVs are used patient-specific 
adjustments of PEEP, lung recruitments and adjustment 
of FiO2 are frequently necessary. When low TVs are used, 
atelectasis and hypoxia may result and can be harmful 
to patients. We had initially designed this 3-center 
survey in order to produce a relatively homogeneous 
reference standard in relation to responses from OLV 
(academic and non-academic) anesthesiologists across the 
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country. Although there appeared to be homogeneity in 
minimization of PAP, there appeared to be heterogeneity in 
many of the other practices and perspectives. Although it is 
not clear what is driving this heterogeneity in practices and 
perspectives, we conjecture that it is at least partly due to 
the paucity of level I evidence showing benefit or harm for 
the use LPV during OLV surgeries. This may have resulted 
in many anesthesiologists adopting practices based on their 
particular training, clinical experience, influence from local 
experts as well as their own interpretation of the existing 
literature. Given the fact that the results of the national 
survey may not be available for several years, we felt it 
important to report this unanticipated heterogeneity in a 
timely fashion to the community of practitioners involved 
in OLV surgeries. This will afford the community an 
opportunity to engage in discussions and perhaps their own 
knowledge translation activities. 

Our study suggests that there is a lack of universal 
definition of intra-operative LPV during OLV; moreover, it 
appears that many anesthesiologists prioritize minimizing 
PAP as opposed to TV. This lack of a consensus may 
render the results of future trials, regardless of how strong, 
difficult to interpret by end-users. Our study also suggests 
that institutional barriers may also subvert current and 
future knowledge translation activities. Such institutional 
barriers will hopefully be removed once good evidence 
from RCTs becomes available; nevertheless, our findings 
highlight the importance of identifying such barriers to 
implementation early on in the knowledge translation 
process.
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