Low Tidal Volumes & the PreVent Trial

· Risks of large tidal volumes?
· volutrauma through alveolar overdistension
· disruption of the pulmonary epithelium and endothelium
· cellular death
· failure of surfactant production
· release of pro-inflammatory mediators 
· alveolar edema
· hyaline membrane formation
· interstitial hemorrhage
· can lead to gross barotrauma (air leaks)
· Risks of low tidal volumes?
· Hypoxemia
· Respiratory acidosis
· Atelectrauma – injury from opening and closing of lung units
· Avoided in low volume ventilation strategies through high PEEP and recruitment maneuvers
· Increased stretching forces (shear forces) at margins between aerated lung and atelectic lung 
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Patients with ARDS have relatively non-aerated dependent lung regions and aerated nondependent lung regions. Given the small volume available for ventilation, this condition is referred to as “baby lungs”. As such, low tidal volume ventilation strategies are recommended in acute respiratory distress syndrome (ARDS) ...

Tidal volume recommendations: <6-8 mL/kg
Plateau pressure recommendations: <30 cm H20

These recommendations are based from the following studies:

Acute Respiratory Distress Syndrome Network, Brower RG, Matthay MA, et al. Ventilation with lower tidal volumes as compared with traditional tidal volumes for acute lung injury and the acute respiratory distress syndrome. N Engl J Med. 2000;342(18):1301-1308. doi:10.1056/NEJM200005043421801.
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Needham DM, Yang T, Dinglas VD, et al. Timing of low tidal volume ventilation and intensive care unit mortality in acute respiratory distress syndrome. A prospective cohort study. Am J Respir Crit Care Med. 2015;191(2):177-185. doi:10.1164/rccm.201409-1598OC.
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It is less clear as to whether tidal volume restriction benefits patients without ARDS (most patients that are ventilated!) ….
Lee PC, Helsmoortel CM, Cohn SM, Fink MP. Are Low Tidal Volumes Safe? CHEST. 1990;97(2):430-434. doi:10.1378/chest.97.2.430.
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Determann RM, Royakkers A, Wolthuis EK, et al. Ventilation with lower tidal volumes as compared with conventional tidal volumes for patients without acute lung injury: a preventive randomized controlled trial. Crit Care. 2010;14(1):R1. doi:10.1186/cc8230.
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Various systematic reviews to support the use of low tidal volumes compared to high tidal volumes in non-ARDS patients…
Serpa Neto A, Simonis FD, Barbas CSV, et al. Association between tidal volume size, duration of ventilation, and sedation needs in patients without acute respiratory distress syndrome: an individual patient data meta-analysis. Intensive Care Medicine. 2014;40(7):950-957. doi:10.1007/s00134-014-3318-4.

Neto AS, Simonis FD, Barbas CSV, et al. Lung-Protective Ventilation With Low Tidal Volumes and the Occurrence of Pulmonary Complications in Patients Without Acute Respiratory Distress Syndrome: A Systematic Review and Individual Patient Data Analysis. Critical Care Medicine. 2015;43(10):2155-2163. doi:10.1097/CCM.0000000000001189.

However, some studies indicate that lower tidal volumes may lead to greater patient-ventilator dyssynchrony, higher sedation requirement, and prolonged duration of mechanical ventilation 
Ferguson ND. Low tidal volumes for all? JAMA. 2012;308(16):1689-1690. doi:10.1001/jama .2012.14509 
Kallet RH, Campbell AR, Dicker RA, Katz JA, Mackersie RC. Effects of tidal volume on work of breathing during lung protective ventilation in patients with acute lung injury and acute respiratory distress syndrome. Crit Care Med. 2006;34(1):8-14. doi:10.1097/01.CCM .0000194538.32158.AF 

Protective Ventilation in Patients Without ARDS = “PReVENT Trial”
Writing Group for the PReVENT Investigators, Simonis FD, Serpa Neto A, et al. Effect of a Low vs Intermediate Tidal Volume Strategy on Ventilator-Free Days in Intensive Care Unit Patients Without ARDS: A Randomized Clinical Trial. JAMA. 2018;320(18):1872-1880. doi:10.1001/jama.2018.14280.
OBJECTIVE: 
Determine whether a low tidal volume ventilation strategy is more effective than an intermediate tidal volume strategy in patients without acute respiratory distress syndrome (ARDS)

STUDY DESIGN:
· RCT from 2014-2017 in 6 intensive care units in the Netherlands
· Patients without ARDS who received invasive ventilation shortly before or after admission to the ICU, who were not expected to be extubated within 24 hours
· Randomized within 1 hour of arrival to the ICU
· Exclusion criteria: presence of ARDS, <18 yrs age, pregnancy, ventilation >12hrs prior to admission to ICU, increased and uncontrollable intracranial pressure, history of pulmonary disease, new PTE, previously randomized in this trial 
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· Study groups (randomized in a 1:1 ratio):
· Received either volume-controlled or pressure support ventilation 
· Volume control ventilation is TIME triggered, VOLUME limited, and VOLUME/TIME cycled. Breaths are MANDATORY (machine initiates, administers, and terminates)
· Pressure support ventilation FLOW/PRESSURE triggered, PRESSURE limited, and FLOW cycled. Breaths are SPONTANEOUS but SUPPORTED (patient initiated, machine supported, patient terminates)
· 1. Low tidal volumes (n = 477)
· If volume controlled …
· Started at 6 mL/kg (predicted body weight)
· Decreased by 1 mL/kg every hour to a minimum of 4mL/kg
· If pressure support…
· the lowest level of pressure support was used to reach the target tidal volume with a minimum of 5 cmH2O
· If at minimum pressure support and the tidal volume increased to more than 8 ml/kg, this was accepted 
· Tidal volume could be increased by 1 mL/kg/hr (in either volume controlled or pressure support) In cases of severe dyspnea, increasing levels of discomfort, respiratory rate > 35/min, uncontrollable acidosis, or patient-ventilator asynchrony
· 2. Intermediate tidal volumes (n = 484)
· If volume controlled…
· Started at 10 mL/kg 
· If Pplat > 25 cm H2O, tidal volume was decrease in increments of 1 mL/kg/hr
· If pressure support …
· the pressure support level was adjusted to reach the target tidal volume while keeping maximum airway pressure < 25 cmH20
· Ventilator settings were checked at least every 8 hours and were readjusted as necessary 
· Assigned ventilation strategies continued to maximum of 28 days
· Primary outcome: number of ventilator-free days and alive at day 28 (composite endpoint)
· Secondary outcomes: 
· length of ICU and hospital stay
· mortality (ICU, hospital, 28-day, 90-day)
· development of ARDS, ventilator-associated pneumonia, severe atelectasis or pneumothorax
· amount of sedative prescribed, use of analgesics and neuromuscular blocking agents, transfusion of blood products, need for decreasing dead space, and occurrence of delirium 

STATISTICS:
· Sample size of 476 patients per group estimated to have 80% statistical power to show a difference of 1 ventilator-free day at day 28 (estimated SD of 5 days), allowing for 20% dropout rate
· Additional subgroup analysis performed: with vs without pneumonia; with vs without sepsis; PaO2/FiO2 200 vs >200; lung injury prediction score 4 vs <4; surgical vs medical admission; Simplified Acute Physiology Score  50 vs < 50; invasive ventilation > 6 hours before randomization vs 6 hours before; intubation inside versus outside the ICU

RESULTS - PATIENTS:
· 477 enrolled in low tidal volume group; 484 to the intermediate tidal volume group
· Baseline characteristics were similar between groups (Table 1)
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RESULTS - INTERVENTION:
· Median time between start of ventilation and randomization was 0.88 hours (IQR, 0.36-2.01); median time between start of ventilation in the ICU and randomization was 0.57 hours (IQR, 0.23-1.00)
· During the first 3 days of ventilation, tidal volumes and airway pressures were significantly different between the groups
· Low tidal volume group: 
· Plateau pressures and driving pressure were lower
· Respiratory rate was higher 
· PaCO2 was higher and arterial pH was lower 
· Minute ventilation, PEEP, PaO2 and FiO2 did not differ significant between groups
· Majority of patients managed in volume controlled mode day 1, but then most changed over to pressure support by day 2
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RESULTS – OUTCOMES:
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· At day 28 patients in both groups had a median of 21 ventilator-free days (IQR, 0-26) (mean difference, –0.27 [95% CI, –1.74 to 1.19]; P = .71)
· No significant difference in 
· ICU stay (median, 6 vs 6 days; 0.39 [–1.09 to 1.89]; P = .58) 
· hospital length (median, 14 vs 15 days; –0.60 [–3.52 to 2.31]; P = .68) 
· 28-day mortality (34.9% vs 32.1%; hazard ratio [HR], 1.12 [0.90 to 1.40]; P = .30) 
· 90-day mortality (39.1% vs 37.8%; HR, 1.07 [0.87 to 1.31]; P = .54)
· No significant difference in the percentage of patients developing the following adverse events: 
· ARDS (3.8% vs 5.0%; risk ratio [RR], 0.86 [0.59 to 1.24]; P = .38)
· pneumonia (4.2% vs 3.7%; RR, 1.07 [0.78 to 1.47]; P = .67)
· severe atelectasis (11.4% vs 11.2%; RR, 1.00 [0.81 to 1.23]; P = .94)
· pneumothorax (1.8% vs 1.3%; RR, 1.16 [0.73 to 1.84]; P = .55)
· No difference between groups regarding needs for:
· duration of and amount of sedative
· analgesics and neuromuscular blocking agents
· development of delirium 
· [bookmark: _GoBack]Additional exploratory analysis revealed no difference in tidal volume except for intubation inside (mean difference, -2.50 [IQR, -4.63 to -0.36]) vs patients intubated outside the ICU (mean difference, 1.45 [IQR -0.52 to 3.43]; P for interaction = .01) 
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CONCLUSIONS:
· In patients without ARDS, a low tidal volume strategy did not result in a greater number of ventilator-free days than an intermediate tidal volume strategy
· In addition, there was no difference in length of stay, mortality rate, or the occurrence of pulmonary complications between groups
· The low tidal volume strategy was associated with respiratory acidosis

DISCUSSION:
· Compared to previous 2 studies:
· Time between start of ventilation and randomization was shorter; necessary expected duration of ventilation was shorter in this study
· TV 9ML/kg compared to 10 and 12 mL/kg in other studies, with limiting of inspiratory pressure
· Because pressure support was used more frequently in this study, the low tidal volume group was 7 mL/kg, which is slightly higher than the 6 mL/kg in the other studies
· Why was no difference seen?
· Level of distending pressures induced by an intermediate tidal volume may have still been protective for patients without ARDS
· Low tidal volume strategy was associated with respiratory acidosis, which may have influenced duration of ventilation
· Tidal volume restriction was associated with respiratory acidosis and increased paCO2
· This was not compensated for by an increase in respiratory rate given that minute ventilation was constant between the two groups 
· Low tidal volume strategy promotes less efficient alveolar ventilation than an intermediate tidal volume strategy
· PROS
· Study was large and involved 6 centres  improves external validity 
· Randomized  minimizes bias
· Marginal loss to follow-up
· Intermediate tidal volume (10 mL/kg) more applicable to current practice than previous trials that used 12 mL/kg
· CONS
· Not blinded  
· Patient group was heterogeneous 
· Even through subgroup analysis was performed (eg. pneumonia and sepsis), these subgroups may have been underpowered to have detected a difference 
· Patients with chronic pulmonary disease were excluded – thus not applicable to these patients
· Many patients were missed for randomization given the short time that was allowed (706/ 2734 or 26%) or many refused consent (304/2734 or 11%)  may have predisposed to selection bias 
· Did not investigate tidal volumes higher or lower than those used in this trial
· Inadequate separation between low and intermediate groups after day 1
· Underpowered to detect any true difference?  Type II error 
· Tidal volume may not be the most important target in preventing VILI (e.g. driving pressure?)
· Driving pressure has been suggested as the key variable in preventing lung injury
· Driving pressure = Pplat - PEEP
· Composite outcome chosen (number of ventilator-free days and alive at day)
· Did not expect a significant difference in mortality, but without including mortality would be difficult to discern given the high rate of mortality in the ICU


CONCLUSION:
No difference was found between lower and intermediate tidal volumes in patients without ARDS – therefore should likely continue to target lower tidal volumes in patients without ARDS? Or is this evidence that it’s okay to ventilate at higher tidal volumes in patients without ARDS?
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Abstract

Rationale: Reducing tidal volume decreases mortality in acute
respiratory distress syndrome (ARDS). However, the effect of
the timing of low tidal volume ventilation s not well understood.

Objectives: To evaluate the association of intensive care unit
(1CU) mortality with initial tidal volume and with tidal volume
change over time.

Methods: Multivariable, time-varying Cox regression analysis

of a multsite, prospective study of 482 patients with ARDS with
11,558 twice-daily tidal volume assessments (evaluated in millliter
per kilogram of predicted body weight (PBW]) and daily assessment
of other mortality predictors.

Measurements and Main Results: An increase of 1 ml/kg PBW
in initial tidal volume was associated with a 23% increase in ICU
‘mortality risk (adjusted hazard ratio, 1.23; 95% confidence interval
(CI}, 1.06-1.44; P=0.008). Moreover, a 1 ml/kg PBW increase in

subsequent tidal volumes compared with the initial tidal volume
‘was associated with a 15% increase in mortality risk (adjusted
hazard ratio, 1.15; 95% CI, 1.02-1.29; P= 0.019). Compared with

a prototypical patient receiving 8 days with.a tidal volume of 6 ml/kg
PBW, the absolute increase in ICU mortaliy (95% Cl) of receiving
10 and 8 mi/kg PBW, respectively, across all 8 days was 7.2%
(3.0-13.0%) and 27% (12-4.6%). I scenarios with variation in
tidal volume over the 8-day period, mortality was higher when
alarger volume was used earlier.
Conclusions: Higher tidal volumes shortly after ARDS onset were
with

associated with a greater risk of ICU mortality compared
subsequent tidal volumes. Timely recognition of ARDS and
adherence to low tidal volume ventilation is important for reducing
‘mortality.

Clinical trial registered with www.clinicaltrials gov (NCT 00300248).

Keywords: acute lung injury; tidal volume; artifical respiration;
prospective studies
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Are Low Tidal Volumes Safe?*
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but lowering airway pressure using mechanical
ventilation necessitates lowering tidal volume (V1). Intu-

bated patients in the surgical intensive care unit (SICU)
were randomly assigned to group 1 (Vr=12 mlkg, n=56)
or group 2 (Vr=6 ml/kg, n=47). Variables recorded in-
cluded acute physiology and chronic health evaluation

(APACHE 1) score, mean peak airway pressure (MPAP),
mean PaO,/Flo,, incidence of pulmonary infectious com-
plications (PIC), duration of intubation (DOI), and duration
of SICU stay (DOS). Results in the table are means + SE.
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Abstract

Introduction: Recent cohort studies have identified the use of large tidal volumes as a major risk factor for
development of lung injury in mechanically ventilated patients without acute lung injury (ALI). We compared the effect
of conventional with lower tidal volumes on pulmonary inflammation and development of lung injury in critically ill
patients without ALI at the onset of mechanical ventilation.

Methods: We performed a randomized controlled nonblinded preventive trial comparing mechanical ventilation with
tidal volumes of 10 ml versus 6 ml per kilogram of predicted body weight in critically ill patients without ALI at the onset
of mechanical ventilation. The primary end point was cytokine levels in bronchoalveolar lavage fluid and plasma
during mechanical ventilation. The secondary end point was the development of lung injury, as determined by
consensus criteria for ALI, duration of mechanical ventilation, and mortality.

Results: One hundred fifty patients (74 conventional versus 76 lower tidal volume) were enrolled and analyzed. No
differences were observed in lavage fluid cytokine levels at baseline between the randomization groups. Plasma
interleukin-6 (IL-6) levels decreased significantly more strongly in the lower-tidal-volume group ((from 51 (20 to 182)
ng/mlto 11 (5 to 20) ng/ml versus 50 (21 to 122) ng/ml to 21 (20 to 77) ng/ml; P=0.01)). The trial was stopped
prematurely for safety reasons because the development of lung injury was higher in the conventional tidal-volume
group as compared with the lower tidal-volume group (13.5% versus 2.6%; P= 0.01). Univariate analysis showed
statistical relations between baseline lung-injury score, randomization group, level of positive end-expiratory pressure
(PEEP), the number of transfused blood products, the presence of a risk factor for ALI, and baseline IL-6 lavage fluid
levels and the development of lung injury. Multivariate analysis revealed the randomization group and the level of
PEEP as independent predictors of the development of lung injury.

Conclusions: Mechanical ventilation with conventional tidal volumes is associated with sustained cytokine
production, as measured in plasma. Our data suggest that mechanical ventilation with conventional tidal volumes
contributes to the development of lung injury in patients without AL at the onset of mechanical ventilation.

Trial registration: ISRCTN82533884
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Table 1. ARDS Berlin definition.

The Berlin definition of acute respiratory distress syndrome

Timing Within | week of a known clinical insult or new or worsening respiratory symptoms
Chest imaging® Bilateral opacities — not fully explained by effusions, lobar/lung collapse, or nodules
Respiratory failure not fully explained by cardiac failure or fluid overload.

Origin of edema
Need objective assessment (e.g., echocardiography) to exclude hydrostatic edema if no risk factor present

Oxygenation®
Mild 200 mmHg < PaO,/FIO, <300 mmHg with PEEP or CPAP =5 cmH,O"

Moderate 100 mmHg < PaO,/FIO, <200 mmHg with PEEP =5 cmH,O
Severe PaO,/FIO, <100 mmHg with PEEP =5 cmH,O

Abbreviations: CPAP, continuous positive airway pressure; F,O,, fraction of inspired oxygen; PaO,, partial pressure of arterial oxygen; PEEP,

positive end-expiratory pressure; ‘Chest radiograph or computed tomography scan; If altitude is higher than 1,000 m, the correction factor

should be calculated as follows: [PaO,/FI10, (barometric pressure/760)]; “This may be delivered noninvasively in the mild acute respiratory
distress syndrome group.
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‘Table 1. Baseline Characteristics of the Patients

Low Intermediate
Tidal Volume Tidal Volume
(n=477) (n = 484)
‘Age, median (IQR), y 68 (59-76) 67 (58-75)
Male patients, No. (%) 312(65.4) 309 (63.8)
BMI, median (IQR) 249(226287)  255(23.0-283)
PBW, median (IQR), kg* 701(606760) 697 (59.7-75.1)
SAPS Il score, median (IQR)° 52 (40-63) 51(39-62)
LIPS score, median (IQR)* 45(3.0-7.0) 45 (3.0-655)
Patients at risk 292 (61.6) 290(60.3)
for ARDS, No. (%)
SOFA score, median (IQR)* 8(6-11) 8(6-10)
Septic shock 82(17.6) 74(15.5)
Patient tobacco use, No. (%)
Never 106 (22.3) 111(23.0)
Current 97 204) 97 20.)
Previous 75(15.8) 80(16.6)
Unknown 197 (41.5) 194 (40.2)
Patient alcohol use, No. (%)
None 121255 92(19.)
0-5 drinks/wk 47(9.9) 61(12.7)
6-14 drinks/wk 26(5.5) 30(6.2)
2 drinks/d 59 (12.4) 56 (11.6)
Unknown 222 (46.7) 243 (50.4)
Reason for ICU admission,
No. (%)
surgical 82017.3) 79 (16.4)
393 (82.7) 403 (83.6)
209 (43.8) 215 (44.4)

was in the ICU, No. (%)
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Reason for intubation,

No. (%)
Cardiac arrest 110 23.1) 120 (24.8)
Postoperative ventilation 82(17.2) 79 (16.3)
Preumonia 77 (16.1) 77 (15.9)
Sepsis 50 (10.5) 46 (9.5)
Airway protection 39(8.2) 39(8.1)
Cardiac failure 28(5.9) 17 (3.5)
Head trauma 25(5.2) 31(6.4)
or brain surgery
Aspiration 20(4.2) 24 (5.0)
Non-septic shock 8(L7) 10 (2.0)
Airway obstruction 7(15) 1(02)
Neuromuscular disease 6(13) 3(06)
Hypercapnic 4(08) 1020)
respiratory failure
Other types of 4(0.8) 4(08)
respiratory failure
Trauma 3(06) 4(08)
Other causes. 14 (2.9) 193.9)
Hours ventilated before 09(0.3-20) 09(0.4-2.1)
randomization,
median (IQR)

Mode of ventilation before
randomization, No. (%)

Volume-controlled 143 (30.0) 154 31.8)
Pressure support 98 (20.5) 91(18.8)
Pressure-controlled 236 (49.5) 239 (49.4)
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Low Intermediate

Tidal Volume Tidal Volume
(n=477) (n = 484)
Respiratory measures before
randomization, median (IQR)
Tidal volume, mL/kg PBW 7.0(6.0-8.3) 73(63-88)
Plateau pressure, cmH,0  18.0(147-21.0) 200 (16.0-24.0)
Respiratory rate, /min 20 (16-22) 20 (16-22)
PEEP, cm H,0 7(5-8) 7(5-8)
Driving pressure, MH,0 110 (8.7-14.0) 13.0 (10.0-16.0)
Fi0, 050(0.40-0.70) 050 (0.40-0.65)
Pao, / Fi0,, mm Hg 197 (127-298) 195 (133-300)
Paco,, mm Hg 427(375-502) 427 (36.0-510)
Arterial pH 731(7.22738)  7.30(7:22-7.38)

Abbreviations: ARDS, acute respiratory distress syndrome: BMI, body mass
index calculated as weight in kilograms divided by height in meters squared;
ICU, intensive care unit; LIPS, Lung Injury Prediction Score; PBW, predicted
body weight: PEEP, positive end-expiratory pressure; SAPS, Simplified Acute.
Physiology Score; SOFA, Sequential Organ Failure Assessment.
2PBW was calculated as 50 + 0.91 x (height [cm] - 152.4) for men and
455 + 091 (height [cm] - 152.4) for women.
BSAPS Il score ranges from O to 163, with higher values indicating a more
severe condition.
LIPS score ranges from O to 33.5, with higher values indicating a higher risk
of ARDS. Patients with scores =4 are considered high risk.
SOFA score ranges from O to 24 with higher values indicating amore
severe condition.
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Respiratory variables during the first three days of ventilation

‘After titration on day of randomization Day 1 Day2 Day3

Low Intermediate P Low Intermediate Low Intermediate P Low Intermediate P
Tidal Volume _ Tidal Volume value Tidal Volum- Tidal Volume value Tidal Volume _ Tidal voluma value Tidal Volume _ Tidal Volume  value

Number of patents r1 i 310 i 77 25
59(52-67) 9.1(7.9-10.0) <0.001 <0001 <0001 <0.001
23(19-28) 18 (14 - 20) <0.001 <0001 <0001 <0.001
MV, Lmin 92(75-108)  100(85-123)  <0.001 99(Bz 12.0) 090 mn(sz 12.0) ss(an 12.0) 045 106(86-132) 014
18(15-21) 21(18 - 24) <0.001 <0001 002 20 (16 - 24) 22(18-23) 0.18
o 8(5-10) 8(5-8) 033 s(s 8) 084 5(5 8 ﬂ(s—n) 058 7(5-8) 6(5-8) 029
P 06-13) wozot <00t H0@-1) <ooor  f0E=18) e <00 AE-1 2= <oo0r
i 045(037-055)  040(0.40-0.60) 066 038(0.30-045)  0.35(0.30 - 0.40) 002 035(030-045)  035(0.30-0.45) o084 035(0.30-040)  035(030-045)  0.83
Pa0; / FiOz, mmHg 210(152-300)  214(153-307) 048 230 (171-300) 243 (180~ 311) 021 225(178-292) 240 (176 - 297) 062 236 (181-285)  235(168-307) 089
435(38.2-487)  36.0 (30.7 - 42.0) <0.001 <0001 <0001 <0.001
bttt e e BEme o
pHa<7.25 961381 (25.2) 461404 (114)  <0.001 181375 (4.8) 141303 (36) 040 21281(07) 31303 (1.0) ort 71237 (3.0) 11248 (0.4) 003
Respiratory acidosis* 1321381 (34.6) 49/404(121)  <0.001 421375 (112) 211303 (53) 0003 201281 21/303(69) 014 171237 (72) 8/248(3:2) 005

Data are N (%) median (interquariie range)

Vi.tidal volume; PBW: predicted body weight; bpm: breaths per minute; MV: minute ventiition; PEEP: positive end-expiratory pressure; FiO; fraction of inspired oxygen: PaO; arterial oxygen pressure: PaCO; arterial pressure of carbon

dioxide; pHa: arterial pH
* defined as pHa < 7.35 and PaCO; > 45 mmHg

‘The lower number of patients assessed for respiratory acidosis and pHa < 7.26 represent missing in ABG measurements.




image16.png
eTable 2 - Ventilator settings during the first three days of ventilation

Volume-Controlled Ventilation

‘After titration on day of randomization Day 1 Day2 Day3
Low Intermediate  p Low Intermediate  p Low Intermediate  p Low Intermediate

Tidal Volume _ Tidal Volume _ value _Tidal Volume _Tidal Volume value _ Tidal Volume _Tidal Volume  value _ Tidal Volume Tidal Volume
Number of patients £ 2 129 216 6t E) % 2
Vi, mLikg PBW 58(60-62)  88@A=10f) <000t  ss@7-61)  BSESS04) <0001  5s(e-60)  83(E0-88) <0001  58(s2-64)  85@8-88 <000t
Resplratory rate, bpm 25 (20 -28) 18 (14 - 20) <0001 28(22-30) 16(12 - 20) <0001 30(23-32) 16(12-22) <0.001 27 (28 -32) 15(12-20) <0001
MV, Limin 90(76-108)  102(87-123) <0001 O7(83-118)  96(82-114) 049  100@4-121)  9BEI-116) 043  10283-127)  88(7T-118) 007
Plateau pressure, cmHz0 18(15-21) 21(18-24) <0001 17 (14-20) 20(18-23) <0001 19(17-22) 21(17-24) 004 20(17-23) 22(18-23) 020
PEEP, cmH,0 8(5-10) 8(5-8) 011 7(5-8) 7(5-8) 036 8(5-10) 7(5-8) 025 8(5-10) 6(5-8) 008
Driving pressure, cmHz0 10(8-13) 14(12-16) <0001 10(8-13) 13(11-15) <0001 106-13) 14(11-16) <0.001 11(0-14) 14 (12 16) 0.001

Pressure Support Ventilation
After titration on day of randomization Day1 Day2 Day3
Low intermediate  p Tow intermediate Tow Intermediate  p Low Intermediate  p

Tidal Volume _ Tidal Volume _value _Tidal Volume _Tidal Volume _value _ Tidal Volume _ Tidal Volume _ value _Tidal Volume _Tidal Volume _ value
Number of patients. 710 7 25 Tk 211 25 81 3
Vi, mLkg PBW 75@1-87)  B7(13-08) <001  [78(63-85)  ©90(6-103) <0001  B3(5-103)  BO(E~105) 003  79(65-97)  BO@7-107) <000t
Respiratory rate, bpm 20 (16 - 24) 17(18-21) 001 19(14-24) 17(13-22) 003 18(14-23) 17(13-22) 003 18(15-25) 18 (14 - 24) 028
MV, Uimin 93(77-116)  92(16-124) 076  98(T9-119) 102(B1-1240) 035  101(83-120)  100(60-121) 056  100@1-119  109(89-136) 001
Maximum pressure, 17 (14-21) 21(17-25) <0001 15 (12-20) 20(16-25) <0001 15(11-19) 18(15-22) <0.001 15(12-19) 18(15-22) <0001
BEE om0 76-9 so-m o seey seon  om seey se-m  om seen wo-m  om
Pressure support, cmHz0 17— 14) 14(11-18) <0001 8(6-11) 14(10-16) <0001 76-11) 12(8-15) <0001 8(6-12) 11(8-15) <0001
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Table 2. Clinical Outcomes of Patients in the Low and Intermediate Tidal Volumes Groups.

LowTidal Volume  Intermediate Tdal Volume

@=411) (=488 Mean Diffeence! 95% C)_P Vaue
Primary otcome =475 =480
Days ventlator-fre at oy 26
Mean (50) 1520116 155014 027 (174001108 71
Megian (%) 2029 2102
surivig ptients
Mean (50) 54(66) 600.3) 056 (-161100.49)"
Median (%) 306 309
Secondary outcomes nea75 ne a1
€U ength of sty
Mean (50) 963 9209 58
Megian (%) 6Gw01)  sGo) 039 (-109to 189
Hospital length of stay”
Wean (50) 4@ 20011 58
Median (0%) 146-26) 156:26) 060 (352102.31)"
Mortaity, No,tota ()
[ 132/450(293) 115458 (25.1) 111096127 15
Hospital 151/477 (317)  140/484 28.9) W, 106(093-122¢ 35
8day 166/476 (349) 155483 (52.1) HE,112(090-140)° 30
S0-day 186/476 (39.1)  181/478 (37.8) WR,LO7O87-13)° 56
Development of ARDS, 1B EE  23/462(50) 086 (059-126¢ 38
No./otal 9
Development of preumoria,  19/450 (42)  17/462 (3.7) w107 078147 67
No./ota 9
Preumothoray, No total(6) /448 (18)  6/462 (13) W,116(073188¢ 55
Aelectasis, Nootal () 51/443 (114) _52/464 (11.2) 100081123 94
Extapulmonary infecton,  20/448 (45)  28/463 (6.0) ,084 060-118) 28
No.ota 0
Extapulmonary sepss, 2/M8QT)  16/46365) W08 (056-13)° 50
No.ota 0
Delium, No,total (9 149343 (43.4)  132/361 (36.6) 11509913 06
Need for tracheastomy, 54/477(113) 527484 (0.7) 103 084126F 78
No.total 69

Abbreviations: ARDS, acute:
respiatory distress syndrome;
HR_hazard atio; ICU, intensive

care unit; 1QR, interquartie range:

R riskatio.

*Effect estimate s mean difference.
Pualues calculated usingtests
forthe primary outcome and
‘generalzed linear models sing.
nverse gaussian distribution forICU
and hospitallengthof stay.

Calculated as the number of days.
from the time of randomization.

©Effect estimate s sk ato. 95%
confidenceintervas calculated with
Waldikelihood ratio approximation
testand Pvalues caculated
with ¢ tests.

Effect estimate s hazard rtio, 95%
confidence ntervalsand Pvalues
calculated with Cox proportional
hazard,
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Figure 2. Kaplan-Meier Estimates for Patients in the Low Tidal Volume and Intermediate Tidal Volume Ventilation Groups
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A Median (IQR) observation period for the duration free from invasive
ventiation was 4.4 days (3.7 to 5) for the low tidal volumes group and 4.3 days
(3.4105.2)for the intermediate tidal volumes group: P value for the Schoenfeld
residuals was 68. B, Median observation time for survival was ot computed
for 90-day mortality because the minimum value observed is 0.60; P value for
the Schoenfeld residuals was 13. C. Median (IQR) observation period for

intensive care unit length of stay was 8.0 days (7.0 to 8.0) for the low tidal
‘volumes group and 8.0 days (6.0 to 9.0) for the intermediate tidal volumes
‘group: Pvalue for the Schoenfeld residuals was 0.21. D, Median (1QR)
observation period for hospital length of stay was 21.0 days (19.0t0 23.0) for
the low tidal volumes group and 21.0 days (20,0 to 24.0) for the intermediiate
tidal volumes group; P value for the Schoenfeld residuals was 82.
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eTable 5 — Subgroup effects

Subgroup Low Tidal Intermediate _ Mean Difference pfor
Volume Tidal Volume (95% CI) interaction

Reason for ventilation
Pneumoia 140£114 131112 086 (-2.48 - 4.20) 016
Non-Pneumonia 1545116 160115  -050(213-1.13)

Sepsis
Yes 120£117 142108 220(546-106)  0.17
No 160+11.4 1572116 025 (-1.38 - 1.89)

Pa0; / Fi0,
<200 146£115 155:11.3  087(321-147) 032
> 200 1575119 1481118 087 (1.62-3.36)

LIPS
24 140£114 1422114 19 (206 -1.66) 096
<4 170£116 173113 .27 (-2.61-2.07)

Reason for admission
Clinical 1455117 152£115  070(-232-082) 023
Surgical 18.7£103 170111 170 (-1.62-5.03)

SAPS Il
250 120£118 128:119  088(296-118) 026
<50 195£97 188+ 10.0 075 (-1.14 - 264)

Ventilation before

randomization 165£116 168107 29 (7.04-645) (o0
>6 hours 1525116 1542115 21 (-1.72-1.28) .
<6 hours

Start of ventilation
ICU 1275112 152:11.0  -250(463--036) 001
Outside ICU 1725115 158+11.8 1.45 (-0.52 — 3.43)

Data are mean ()

PaO / FiO: : arterial partial oxygen pressure / fraction of inspired oxygen; LIPS: Lung Injury Prediction Score;
SAPS: Simplified Acute Physiology Score; ICU: Intensive care unit; bpm: breaths per minute
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ABSTRACT

Background Traditional approaches to mechanical
ventilation use tidal volumes of 10 to 15 ml per kilo-
gram of body weight and may cause stretch-induced
lung injury in patients with acute lung injury and the
acute respiratory distress syndrome. We therefore
conducted a trial to determine whether ventilation
with lower tidal volumes would improve the clinical
outcomes in these patients.

Methods Patients with acute lung injury and the
acute respiratory distress syndrome were enrolled in
a multicenter, randomized trial. The trial compared
traditional ventilation treatment, which involved an
initial tidal volume of 12 ml per kilogram of predicted
body weight and an airway pressure measured after
a 0.5-second pause at the end of inspiration (plateau
pressure) of 50 cm of water or less, with ventilation
with a lower tidal volume, which involved an initial
tidal volume of 6 ml per kilogram of predicted body
weight and a plateau pressure of 30 cm of water or
less. The first primary outcome was death before a
patient was discharged home and was breathing
without assistance. The second primary outcome
was the number of days without ventilator use from
day 1 to day 28.
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Results The trial was stopped after the enrollment
of 861 patients because mortality was lower in the
group treated with lower tidal volumes than in the
group treated with traditional tidal volumes (31.0 per-
cent vs. 39.8 percent, P=0.007), and the number of
days without ventilator use during the first 28 days
after randomization was greater in this group (mean
[+8D], 12+11 vs. 10+11; P=0.007). The mean tidal
volumes on days 1 to 3 were 6.2+0.8 and 11.8%0.8 ml
per kilogram of predicted body weight (P<0.001), re-
spectively, and the mean plateau pressures were
25+6 and 33+8 cm of water (P<0.001), respectively.

Conclusions In patients with acute lung injury and
the acute respiratory distress syndrome, mechanical
ventilation with a lower tidal volume than is tradition-
ally used results in decreased mortality and increas-
es the number of days without ventilator use. (N Engl
J Med 2000;342:1301-8.)
©2000, Massachusetts Medical Society.








