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Abstract 

Background: Survival benefit from low tidal volume (VT) ventilation (LTVV) has been demonstrated for patients 
with acute respiratory distress syndrome (ARDS), and patients not having ARDS could also benefit from this strategy. 
Organizational factors may play a role on adherence to LTVV. The present study aimed to identify organizational fac‑
tors with an independent association with adherence to LTVV.

Methods: Secondary analysis of the database of a multicenter two‑phase study (prospective cohort followed by 
a cluster‑randomized trial) performed in 118 Brazilian intensive care units. Patients under mechanical ventilation at 
day 2 were included. LTVV was defined as a VT ≤ 8 ml/kg PBW on the second day of ventilation. Data on the type and 
number of beds of the hospital, teaching status, nursing, respiratory therapists and physician staffing, use of struc‑
tured checklist, and presence of protocols were tested. A multivariable mixed‑effect model was used to assess the 
association between organizational factors and adherence to LTVV.

Results: The study included 5719 patients; 3340 (58%) patients received LTVV. A greater number of hospital beds 
(absolute difference 7.43% [95% confidence interval 0.61–14.24%]; p = 0.038), use of structured checklist during multi‑
disciplinary rounds (5.10% [0.55–9.81%]; p = 0.030), and presence of at least one nurse per 10 patients during all shifts 
(17.24% [0.85–33.60%]; p = 0.045) were the only three factors that had an independent association with adherence to 
LTVV.

Conclusions: Number of hospital beds, use of a structured checklist during multidisciplinary rounds, and nurse staff‑
ing are organizational factors associated with adherence to LTVV. These findings shed light on organizational factors 
that may improve ventilation in critically ill patients.
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Introduction
Survival benefit from low tidal volume (VT) ventilation 
(LTVV) has clearly been demonstrated for patients with 
acute respiratory distress syndrome (ARDS) [1]. Patients 
not having ARDS could also benefit from this strategy 
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[2–5], albeit that tidal volumes may not always need to 
be as low as in patients with ARDS [6]. As it could be 
difficult to discriminate patients with ARDS from those 
not having ARDS [7, 8], one reasonable and pragmatic 
approach could be to use LTVV (defined as ventilation 
using a VT ≤ 8  ml/kg predicted body weight [PBW]) in 
all invasively ventilated critically ill patients [9]. This is, at 
least, in part in line with international guidelines recom-
mending a VT of 4 to 8 ml/kg PBW in patients with ARDS 
[10], and with the suggestion not to use a VT > 8  ml/kg 
PBW in patients not having ARDS [11–13].

Several studies have demonstrated an increased adher-
ence to LTVV over recent decades [14–17]. Yet, many 
patients remain to receive ventilation with a too large VT 
[7, 18, 19]. For instance, the ‘Large observational study to 
UNderstand the Global impact of Severe Acute respira-
tory FailurE’ (LUNG SAFE) study showed that as many 
as one-third of ARDS patients receive a VT > 8  ml/kg 
PBW [7]. A similar proportion of patients without ARDS 
did not receive LTVV in the ‘PRatice of VENTilation in 
critically ill patients without ARDS’ (PRoVENT) study 
[18]. In the ‘Checklist During Multidisciplinary Visits for 
Reduction of Mortality in Intensive Care Units’ (CHECK-
LIST-ICU) study, even if the intervention led to a better 
adherence to LTVV as compared with the control group, 
only two-thirds of patients under invasive ventilation in 
the intervention group received a VT ≤ 8 ml/kg PBW [19].

Organizational factors associated with a better out-
come in ICU patients include intensity of doctor, nurse 
and respiratory therapist staffing [20–24], continuity of 
care [25, 26], and use of multidisciplinary rounds and 
structured handovers [27, 28]. Yet, no study evaluated 
which organizational factors are related to adherence to 
LTVV. Therefore, the CHECKLIST-ICU database was 
used to identify organizational factors that are indepen-
dently associated with adherence to LTVV.

Methods
Study design and patients
The study protocol of the CHECKLIST-ICU study was 
prepublished [29] and registered (clinicaltrials.gov, 
study identifier NCT01785966), and the results of the 
primary analysis were reported recently [19]. In brief, 
the CHECKLIST-ICU study consisted of two phases. 
In phase I, organizational factors and clinical outcomes 
were collected in 118 Brazilian adult ICUs, from August 
2013 to March 2014. In phase II, the ICUs were rand-
omized to a quality improvement intervention or to usual 
care, from April 2014 to November 2014. The quality 
improvement intervention consisted of a checklist and 
discussion of goals of care during daily multidisciplinary 
rounds, followed by clinician prompting to ensure check-
list adherence and goals of care.

The checklist assessed prevention and management of 
lung injury, venous thromboembolism, ventilator-asso-
ciated pneumonia, central line-associated bloodstream 
and urinary tract infections, nutritional targets, analgesia 
and sedation goals, detection of sepsis and ARDS, and 
antibiotic initiation and stewardship. In specific, for pre-
vention of lung injury, it was advised to adhere to LTVV 
and to assess readiness for extubation. Other care pro-
cesses, with the exception of the checklist, discussion of 
goals of care and clinician prompting were unchanged 
between the two phases of the study. The institutional 
review boards of all centers approved the study. The 
funding source had no role in the analysis or publication 
decisions.

The CHECKLIST-ICU restricted participation to 
patients 18  years or older; and with an ICU stay longer 
than 48  h. Patients in whom a high probability of early 
death was anticipated (defined as death occurring 
between the 48th and 72nd hours of the ICU stay), 
patients receiving exclusive palliative care, as well as 
patients who were suspected of or had a diagnosis of 
brain death were excluded. The current analysis uses data 
from both study phases, but restricted to patients who 
had received invasive ventilation for at least 2 days. This 
period was chosen for two reasons: first, to guarantee 
sufficient time to evaluate exposure to the intervention, 
and second, because the majority of patients were extu-
bated within 3 days.

Data collection and definitions
The database of the CHECKLIST-ICU study contains 
baseline information [age, gender, reason for admission, 
type of admission (clinical, elective or urgent surgery), ill-
ness severity (Simplified Acute Physiology Score [SAPS] 
3 and Sequential Organ Failure Assessment [SOFA])], 
study phase (phase I or II), ICU and hospital mortality, 
and ICU and hospital length of stay.

For ventilation evaluation, in the original trial VT size 
was recorded on day 2, 5, 8, 11, 14 and 17. The target VT 
in the checklist was ≤ 8 ml/kg PBW in all days, with PBW 
calculated as 50 + 0.91*(height [in cm] − 152.4) for males 
and 45.5 + 0.91*(height [in cm] − 152.4) for females. For 
the purpose of the current analysis, adherence to LTVV 
was defined as VT of ≤ 8 ml/kg PBW at the second day of 
ventilation only.

In the participating units, physiotherapists were 
responsible for the ventilator settings and the physical 
therapy. However, ventilatory management was adjusted 
according to decisions taken in multidisciplinary rounds, 
and after approval of the physician in charge. In some 
units, in particular when a physiotherapist was not a 
member of the team, nurses were allowed to change ven-
tilatory settings.
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The following organizational data related to the process 
of care of each participating ICU were collected in the 
CHECKLIST-ICU study and considered in the present 
study:

• Level of hospital (tertiary vs non-tertiary);
• Type of hospital (specialty vs general);
• Teaching status (university affiliated vs not university 

affiliated);
• Number of hospital beds (according to tertiles in the 

present study);
• Number of ICU beds (according to tertiles in the pre-

sent study);
• Presence of multidisciplinary rounds (yes vs no);
• Use of a structured checklist during rounds (yes vs 

no);
• Presence of sedation and analgesia, and weaning, 

and prevention of ventilator-associated pneumonia 
(VAP) protocols (yes vs no);

• Presence of board-certified ICU consultant (morning 
and afternoon vs morning or afternoon);

• Presence of at least one physician for each 10 patients 
in all shifts; (yes vs no);

• Presence of one board-certified respiratory therapist 
coordinator (yes vs no);

• Presence of one respiratory therapist for each 10 
patients in all shifts (yes vs no);

• Presence of at least one nurse per 10 patients during 
all shifts (yes vs no).

Outcomes
The primary outcome of this analysis was the organiza-
tional factors associated with adherence to LTVV. Sec-
ondary outcomes were the adherence to LTVV on the 
second day of ventilation, and the impact of adherence to 
LTVV in ICU and hospital mortality.

Statistical analyses
Continuous variables are presented as mean ± standard 
deviation and compared with Student’s t test. Categorical 
variables are presented as absolute numbers and propor-
tions and compared with the Chi square test or Fisher’s 
exact test, where appropriate. All analyses were per-
formed using multilevel (patients nested in study cent-
ers, within the phases of the trial) mixed modeling with 
centers as random effect and the phase of the study as a 
fixed effect. Absolute difference between the groups with 
the respective 95%-confidence interval (95% CI) was cal-
culated from a mixed-effect linear model and reported as 
mean differences for continuous variables and as risk dif-
ferences for categorical variables.

The association between organizational factors and use 
of LTVV was assessed with a mixed-effect generalized 
linear model and the variables included in the multivari-
able models were defined according to clinical rationale 
and when a p value < 0.20 was found in the univariable 
models. The final multivariable model was adjusted for 
patient severity, according to SAPS 3 and SOFA. Hetero-
geneity between the phases of the trial was determined 

Fig. 1 Patient flowchart. LTVV, low tidal volume ventilation
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by fitting a fixed interaction term between the phase and 
organizational factors associated with use of LTVV, while 
overall effect is reported with phase treated as a fixed 
effect and centers treated as a random effect. The use of a 
structured checklist was not considered in the heteroge-
neity analysis, since it was used only in one of the phases 
of the study, i.e., in the cluster-randomized trial.

The impact of LTVV on ICU and hospital mortality 
was also assessed with a mixed-effect generalized linear 
model considering a binomial distribution, adjusted for 
SAPS 3 and SOFA at the patient level.

Continuous variables were standardized before being 
included in the multivariable models described above 
to improve convergence. All analyses were performed 

using the R (R, version 3.6.0, Core Team, Vienna, Austria, 
2016) software, and a two-sided alpha level of 0.05 was 
considered.

Results
The database of the CHECKLIST-ICU study included 
data of a total 13,638 patients in 118 ICUs. Of them, 
5719 patients had received invasive ventilation for at 
least 2 days, 2936 (51.3%) in phase I, and 2783 (48.7%) in 
phase II (Fig. 1). Baseline characteristics of patients who 
received LTVV (3340 patients, 58% of all patients) and 
patients who did not receive LTTV at the second day of 
ventilation (2379 patients, 42% of all patients) are shown 

Table 1 Baseline characteristics of the included patients

Data are mean ± standard deviation or N (%)

SAPS Simplified Acute Physiology Score, SOFA Sequential Organ Failure Assessment, ICU intensive care unit; AIDS acquired immune deficiency syndrome

* LTVV defined in tidal volume ≤ 8 ml/kg PBW in the second day of ventilation

All patients (n = 5719) LTVV* (n = 3340) No LTVV* (n = 2379) p value

Age, years 63.0 ± 19.2 60.9 ± 19.5 66.0 ± 18.4 < 0.001

Female gender 2441 (42.7) 1022 (30.6) 1419 (59.6) < 0.001

Predicted body weight, kg 60.5 ± 10.1 63.9 ± 9.2 55.7 ± 9.2 < 0.001

Height, cm 166 ± 9 169 ± 9 162 ± 9 < 0.001

SAPS III 62.3 ± 17.1 61.7 ± 17.4 63.2 ± 16.7 0.002

SOFA 6.6 ± 3.7 6.5 ± 3.7 6.7 ± 3.7 0.068

Study phase < 0.001

 Observational 2936 (51.3) 1635 (49.0) 1301 (54.7)

 Interventional 2783 (48.7) 1705 (51.0) 1078 (45.3)

Type of admission < 0.001

 Medical 4326 (75.6) 2486 (74.4) 1840 (77.3)

 Elective surgery 371 (6.5) 202 (6.0) 169 (7.1)

 Urgent surgery 1022 (17.9) 652 (19.5) 370 (15.6)

Reason for ICU admission 0.078

 Postoperative care 694 (12.1) 419 (12.5) 275 (11.6)

 Acute respiratory failure 1323 (23.1) 752 (22.5) 571 (24.0)

 Cardiac arrest 174 (3.0) 100 (3.0) 74 (3.1)

 Neurological disorders 816 (14.3) 472 (14.1) 344 (14.5)

 Liver disorders 74 (1.3) 44 (1.3) 30 (1.3)

 Gastrointestinal disorders 105 (1.8) 59 (1.8) 46 (1.9)

 Sepsis 1063 (18.6) 601 (18.0) 462 (19.4)

 Shock (not considering sepsis) 98 (1.7) 64 (1.9) 34 (1.4)

 Cardiovascular disorders 237 (4.1) 135 (4.0) 102 (4.3)

 Kidney disorders 188 (3.3) 106 (3.2) 82 (3.4)

 Hematological disorders 45 (0.8) 20 (0.6) 25 (1.1)

 Others 902 (15.8) 568 (17.0) 334 (14.0)

Co‑morbidities

 Cancer 444 (7.8) 233 (7.0) 211 (8.9) 0.010

 Heart failure 342 (6.0) 194 (5.8) 148 (6.2) 0.554

 Cirrhosis 153 (2.7) 98 (2.9) 55 (2.3) 0.176

 AIDS 265 (4.6) 177 (5.3) 88 (3.7) 0.006
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in Table 1. Most admissions were medical, and the main 
reasons for admission were sepsis and acute respiratory 
failure. VT data were available for all patients on day 2.

The proportion of patients receiving LTVV was 58.4% 
(95% CI, 57.1% to 59.7%) on day 2, and did not change 
thereafter (Fig.  2). Patients who received LTVV were 
younger, taller, were more often male, and were less 
severely ill according to their SAPS and SOFA scores.

Organizational factors with an association with adher-
ence to LTVV in the unadjusted analysis are shown in 
Table 2. In the adjusted analysis, number of hospital beds 
(absolute difference 7.43 [0.61 to 14.24]; p = 0.038), use 
of a structured checklist during multidisciplinary rounds 
(absolute difference 5.10 [0.55 to 9.81]; p = 0.030), and 
presence of at least one nurse per 10 patients during all 
shifts (absolute difference 17.24 [0.85 to 33.60]; p = 0.045) 
were associated with adherence to LTVV (Table 3).

There was no heterogeneity between study phases 
and the effect of number of hospital beds on adherence 
to LTVV (p = 0.254). There was an interaction between 
study phases and the effect of the presence of at least 
one nurse per 10 patients during all shifts on adherence 
to LTVV (estimate, − 16.13 [− 31.0 to − 1.41]; p = 0.032). 
In the second phase of the study, presence of at least one 
nurse per 10 patients during all shifts and adherence to 
LTVV were no longer associated (Additional file 1: Figure 
S1).

There was no difference in ICU (absolute difference, 
0.27 [− 2.29 to 2.84]; p = 0.833) or hospital mortal-
ity (absolute difference, 0.03 [− 2.51 to 2.57]; p = 0.980) 
according to the use LTVV (Additional file 1: Table S1).

Discussion
This study suggests that the larger centers with a higher 
number of hospital beds, use of structured checklists 
during multidisciplinary rounds, and the presence of at 
least one nurse for every 10 patients in all shifts are the 
three organizational factors associated with adherence to 
LTVV. Interestingly, VT stays remarkable unchanged over 
the total duration of ventilation, i.e., VT does not change 
beyond the second day of ventilation. Mortality was not 
different between patients who received and those who 
did not receive LTVV.

The finding that the number of hospital beds is asso-
ciated with a higher adherence to LTVV might be 
explained as follows. First, ICUs in larger hospitals usu-
ally have higher number of caregivers, more experienced 
teams, and also higher volumes of invasively ventilated 
patients. Second, ICU bed supply and quality of care in 
ICUs are usually related to the size of a hospital [30, 31], 
and smaller hospitals frequently suffer with lack of beds 
and consequently inappropriate allocation, which is also 
associated with a lower quality of care [32]. Neverthe-
less, in Brazil usually the larger hospitals are the public 
university-affiliated hospitals, and in the present analy-
ses this intersection could not be completely assessed. 
However, the association among larger hospitals and 
adherence to LTVV could reflect, indirectly, a higher 
adherence in teaching hospitals also. All those character-
istics, however, were not directly collected and measured 
in the CHECKLIST-ICU study.

The finding that the use of a structured checklist dur-
ing multidisciplinary rounds is associated with adherence 
to LTVV is in line with findings of previous studies. One 

Fig. 2 Tidal volume and frequency of the use of low tidal volume ventilation over the first 17 days of follow‑up. Circles are the mean and error bars 
the 95% confidence interval. Unadjusted mixed‑effect longitudinal models with random intercept for patients and center, and with phase of the 
study, group, days and the interaction of group × days as fixed effects. p values for the group reflect the overall test for difference between groups 
across the follow‑up while p values for the group × days interaction evaluate if change over time differed by group
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study in invasively ventilated ICU patients with ARDS 
showed that use of a written ventilation protocol was 
associated with higher use of LTVV [33]. Another study 
in critically ill ICU patients demonstrated that charts 
installed on ventilators showing the adequate VT target 
(4–6  ml/kg PBW) for each patient led to a significant 
decrease in VT [24]. Such findings suggest that adop-
tion of written documents such as protocols, checklists 
and charts may improve adherence to LTVV and ensure 
translation of evidence for benefit, in this case of LTVV, 

into clinical practice. Of note, protocols for mechani-
cal ventilation often do not incorporate LTVV strategies 
[34], and use of a protocol does not guarantee that all 
patients will receive the best practice [35]. However, one 
large Brazilian study demonstrated that the implementa-
tion of protocols was associated with better patient out-
comes and more efficient use of resources [27].

The finding that adherence to LTVV increased with 
presence of more nurses is also in line with previous 
findings [20–22]. A nurse-to-patient ratio  > 1:1.5 was 

Table 2 Factor associated with the use of low tidal volume

VAP ventilator-associated pneumonia, RT respiratory therapist

* LTVV defined in tidal volume ≤ 8 ml/kg PBW in the second day of ventilation

** Calculated as the risk difference from a mixed-effect model with the phase of the study as a fixed effect and the hospital as random effect. The comparison is the 
difference in the use of low tidal volume ventilation among each factor
a Comparison of > 324 vs ≤ 324 beds
b Comparison of > 21 vs ≤ 21 beds
c Comparison of full-time vs. none/half-time

All patients (n = 5719) LTVV* (n = 3340) No LTVV* (n = 2379) Absolute difference** (95% CI) p value

Related to the trial

 Use of checklist 1279 (22.4) 843 (25.2) 436 (18.3) 4.41 (− 0.20 to 9.02) 0.061

Related to the hospital

 Tertiary 4605 (81.5) 2742 (83.2) 1863 (79.1) 5.04 (− 2.29 to 12.35) 0.180

 Specialty 1060 (18.8) 691 (21.0) 369 (15.7) 5.61 (− 2.89 to 14.06) 0.197

 University 2202 (39.0) 1309 (39.7) 893 (37.9) − 2.23 (− 8.57 to 4.12) 0.493

Number of beds

 < 157 1887 (33.4) 1086 (32.9) 801 (34.0) 8.62 (2.08 to 15.17)a 0.011

 157–324 1906 (33.7) 1041 (31.6) 865 (36.7)

 > 324 1857 (32.9) 1169 (35.5) 688 (29.2)

Number of ICU beds 0.445

 < 11 2362 (41.8) 1364 (41.4) 998 (42.4) 1.85 (− 5.17 to 8.87)b 0.606

 11–21 1774 (31.4) 1028 (31.2) 746 (31.7)

 > 21 1514 (26.8) 904 (27.4) 610 (25.9)

Related to organization

 Multidisciplinary rounds 3444 (60.2) 2068 (61.9) 1376 (57.8) − 0.15 (− 3.63 to 3.34) 0.932

 Sedation protocol 2620 (46.4) 1509 (45.8) 1111 (47.2) − 2.02 (− 8.08 to 4.02) 0.514

 Analgesia protocol 2285 (40.4) 1342 (40.7) 943 (40.1) 2.18 (− 3.99 to 8.37) 0.490

 Weaning protocol 3644 (64.5) 2090 (63.4) 1554 (66.0) − 1.36 (− 7.73 to 5.02) 0.677

 VAP protocol 3621 (64.1) 2046 (62.1) 1575 (66.9) − 3.58 (− 9.89 to 2.74) 0.269

Board‑certified consultant

 None 371 (6.6) 204 (6.2) 167 (7.1) 4.11 (− 1.92 to 10.15)c 0.185

 Full‑time 3015 (53.4) 1821 (55.2) 1194 (50.7)

 Half‑time 2264 (40.1) 1271 (38.6) 993 (42.2)

 1:10 physician 5466 (96.7) 3205 (97.2) 2261 (96.0) 6.74 (− 8.75 to 22.22) 0.395

 Board‑certified RT coordinator 3920 (69.4) 2309 (70.1) 1611 (68.4) − 2.69 (− 9.41 to 4.06) 0.436

1:10 respiratory therapist

 None 108 (1.9) 69 (2.1) 39 (1.7) − 2.53 (− 8.59 to 3.53)c 0.415

 Full‑time 2438 (43.2) 1383 (42.0) 1055 (44.8)

 Half‑time 3104 (54.9) 1844 (55.9) 1260 (53.5)

 1:10 nurse 5482 (97.0) 3227 (97.9) 2255 (95.8) 20.24 (3.75 to 36.76) 0.018
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independently associated with a lower risk of in-hospital 
death in a large multicenter cohort of ICU patients in a 
worldwide study [22]. Vice versa, a lower ICU nurse staff-
ing was associated with adverse outcomes in a study in 
hospitals across the USA [21]. In Brazil, ICU nurse staff-
ing varies considerably depending on local regulations. 
However, a study in 93 Brazilian ICUs showed that ICUs 
where nurses have higher autonomy, including start of 
weaning from ventilation and the titrating  FiO2, have 
better outcomes compared to ICUs where there is less 
nurse autonomy [36]. After implementation of the struc-
tured checklist in the second phase of the CHECKLIST-
ICU study, the positive effect of one nurse for every 10 
patients in all shifts on the use of LTVV was no longer 
associated with compliance with LTVV. This finding 
is important, and suggests that a structured checklist 
can increase the adoption of LTVV, even in institutions 
where the nurse-to-patient ratio is low. At the end, the 
impact of a higher nurse-to-patient ratio on adherence 
to LTVV can be explained by several different factors, 
including (1) adoption of the checklist, per se; (2) bet-
ter use of the checklist by healthcare providers like res-
piratory therapists, typically more present in ICUs with 
a higher nurse-to-patient ratio; and (3) presence of more 
nurses, who can adjust ventilator settings.

Use of LTVV was not associated with lower mortality 
as described in previous studies [3, 5, 37]. This may be 
explained by the small difference in VT between the two 
groups, i.e., 6.7 (5.9–7.4) vs 9.2 (8.5–10.2) ml/kg PBW. 
This is different from previous studies that used VT of 
as high as 12  ml/kg PBW for comparison. Of note, one 
recent randomized clinical trial in patients not having 
ARDS did found beneficial effects of a low VT strategy 
[resulting in VT of 6.6 (5.5–8.7) ml/kg PBW] when com-
pared to an intermediate VT strategy [resulting in VT of 
9.3 (8.1–10.1) ml/kg PBW] [6]. Despite this, identifying 
factors that have an effect of use of LTVV could help 
improving ICU organization as well as safety of invasively 
ventilated patients in general.

Interestingly, the current study suggests that early use 
of LTVV is associated with continued use of ventilation 
with a low VT on successive days. This finding shows that 
patients who had VT correctly titrated to PBW early on 
ICU admission were more likely to continue with LTVV. 
This finding could suggest that adherence to LTVV is not 
necessarily related to severity of diseases. Vice versa, a 
patient who starts ventilation with a too high VT is at risk 
of not receiving LTVV a later time point.

The present study has limitations. First, it is a secondary 
analysis of a study designed to evaluate the effectiveness 
of a multifaceted quality improvement strategy including 
a checklist in ICU. Thus, some important data regarding 
mechanical ventilation and patient severity are missing, 

like other ventilatory parameters, and the development of 
complications. Second, all included ICUs are from Brazil, 
and it is widely known that organizational factors and pro-
cess of care differ worldwide. For example, in the present 
study only half of the patients were admitted to ICUs with 
board-certified intensivists on the morning and afternoon 
shifts [27, 28]. Indeed, the lower number of board-certified 
intensivists is a well-known problem in low-income coun-
tries [38]. Third, no information about the presence of 
ARDS is available and this could have influenced the adop-
tion of LTVV and the impact of LTVV on hospital mortal-
ity. Indeed, in the here studied cohort the majority of the 
patients were extubated within 3  days, thus the percent-
age of patients with ARDS was probably low, which can 
partly explain the lack of power to detect any association 
between LTVV and mortality. Fourth, it is important to 
emphasize that current findings may only be generalizable 
to settings with a comparable infrastructure, especially the 
nurse-to-patient ratio, since Brazil has a much lower nurse-
to-patient ratio then ICUs in, e.g., Europe and the US [22]. 
Finally, no information about the ventilatory mode was 
available, and this could have influenced the results.

Table 3 Organizational factors associated with  the  use 
of low tidal volume ventilation

SAPS Simplified Acute Physiology Score, SOFA Sequential Organ Failure 
Assessment

Mixed-effect generalized linear model considering the phase of the study 
and the variables as fixed effect and the center as random effect. Continuous 
variables were standardized before inclusion in the model

* Higher positive values indicate higher adherence to low tidal volume 
ventilation

The effect of the phase of the study was not significant (2.34 [95% confidence 
interval − 0.96 to 5.87]; p = 0.161)

The interaction between the phase of the study and the number of hospital 
beds was not significant (p = 0.254)

The interaction between the phase of the study and the presence of one nurse 
for every 10 patients in all shifts was significant (p = 0.032)

Absolute difference* 
(95% confidence 
interval)

p value

Adjustment by severity of illness

 SAPS III − 2.64 (− 4.27 to − 1.00) 0.001

 SOFA 1.28 (− 0.40 to 2.92) 0.131

Trial related

 Use of structured checklist 5.10 (0.55 to 9.81) 0.030

Hospital related

 Tertiary hospital 0.10 (− 7.44 to 7.66) 0.978

 Specialty hospital 4.34 (− 3.76 to 12.49) 0.306

 Number of hospital beds > 324 7.43 (0.61 to 14.24) 0.038

Organizational factors

 Board‑certified consultant 2.55 (− 3.33 to 8.44) 0.406

 At least one nurse per 10 
patients during all shifts

17.24 (0.85 to 33.60) 0.045
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Conclusions
In Brazil, the number of hospital beds, use of a structured 
checklist during multidisciplinary rounds, and presence 
of at least one nurse for every 10 patients in all shifts were 
the only organizational factors associated with adherence 
to LTVV. These findings shed light on organizational fac-
tors that may increase adherence to LTVV.
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