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Abstract
Purpose: Postoperative positive end-expiratory pressure (PEEP) selection in patients who are mechanically ventilated after car-
diac operations often seems random. The aim of this investigation was to compare the 2 most common postoperative initial PEEP
settings at our institution, 8 and 5 cm H2O, on postoperative initial tracheal intubation time (primary outcome); cardiovascular
intensive care unit (CVICU); hospital length of stay (LOS); occurrence of pneumonia; and hospital mortality (secondary out-
comes). Materials and Methods: The electronic medical records of patients who were mechanically ventilated after iso-
lated coronary artery bypass grafting (CABG) or combined CABG and valve operations were reviewed. Propensity score
matching was used to compare patients with an initial postoperative PEEP setting of 8 cm H2O (n¼ 4722 [25.9%]) with those who
had PEEP of 5 cm H2O (n ¼ 13 535 [74.1%]) on the primary and secondary outcomes listed earlier. Results: There was no
difference in initial postoperative intubation time between the PEEP of 8 cm H2O and the PEEP of 5 cm H2O patient groups (mean
11.9 vs 12.0 hours [median 8.2 vs 8.8 hours], P¼ .89). The groups did not differ on the occurrence of pneumonia (0.43% vs 0.60%,
P¼ .25) nor on hospital mortality (0.47% vs 0.43%, P¼ .76). Aspiration pneumonia occurrence approached a significant difference
(0.06% vs 0.21%, P value ¼ .052), as did CVICU LOS (mean: 47.9 vs 49.8 hours [median: 28.5 vs 28.4 hours], P ¼ .057), but were
not statistically different. There was a slight but likely clinically unimportant difference in hospital LOS (7.7 vs 7.4 days, PEEP¼ 8 vs
5, P < .001). Conclusion: Patients being mechanically ventilated after cardiac operations with an initial postoperative PEEP setting
of 8 versus 5 cm H2O differed significantly only on hospital LOS but the difference was likely clinically unimportant. Thus, use of
8 cm H2O PEEP in these patients without a clinical indication, although likely not harmful, does not seem beneficial.
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Introduction

Initial postoperative positive end-expiratory pressure (PEEP)

selection often seems random. Higher initial PEEP settings may

reduce ventilator-induced lung injury by avoiding cyclic recruit-

ment/derecruitment and prevent lung collapse.1,2 Alternatively,

higher PEEP may have adverse effects including overinflation

and persistent pulmonary parenchyma air leak. Positive end-

expiratory pressures of 8 cm H2O (26%) and 5 cm H2O (74%)

are the most commonly used PEEP settings at our institution in

mechanically ventilated patients admitted to the cardiovascular

intensive care unit (CVICU) after cardiac operations and there

is little evidence to support selecting one over the other.3-6

This investigation was undertaken to determine whether the

higher initial PEEP setting of 8 cm H2O changes patient outcome.

Propensity-matched cardiac surgery patients who were mechani-

cally ventilated upon arrival to the CVICU with an initial PEEP of

8 or 5 cm H2O were compared on initial postoperative intubation

time (primary), CVICU and hospital length of stay (LOS), inci-

dence of hospital-acquired pneumonia, aspiration pneumonia, and

hospital mortality (secondary).
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Methods

The medical records of adult patients (n ¼ 18 257) who

underwent isolated coronary artery bypass grafting (CABG;

n ¼ 13 304) or combined CABG and valve (n ¼ 4953)

operations at our institution from January 1, 1995, to

December 31, 2006, were reviewed. Patients who underwent

isolated valve operations were not included. The investiga-

tion cohort included intubated and mechanically ventilated

postoperative patients admitted directly to the CVICU. All

patients at our institution are admitted to the CVICU after

cardiac operations and managed there until they are ready

for transfer to a step-down unit. Although these patients are

increasingly being extubated after surgery in the operating

room, only those admitted on mechanical ventilator support

were included in this investigation.7

The ventilator mode and settings most commonly used were

pressure control with synchronized intermittent mandatory

ventilation; frequency ¼ 10 to 14 breaths/min; tidal volume

¼ 8 mL/kg ideal body weight; PEEP ¼ 8 or 5 cm H2O; and

fraction of inspired oxygen (FiO2) ¼ 60%. Positive end-

expiratory pressure was measured at the ventilator and

recorded as total PEEP from the mechanical and/or digital con-

trol panel of the ventilator. The total PEEP may have included

intrinsic PEEP, but this was not recorded separately.

Propensity score matching was used to compare patients

with an initial PEEP of 8 cm H2O (n ¼ 4722 [26%]) vs 5 cm

H2O (n¼ 13 535 [74%]). Patients with other PEEP settings and

other than an initial FiO2 ¼ 60% were excluded. Potential con-

founding variables used in matching that may affect outcomes

are shown in Table 1. The primary outcome variable was initial

postoperative tracheal intubation time. Secondary outcome

Table 1. Descriptive Statistics of the Patient Population Before and After Propensity Matching.a

Variable

Before Matching After Matching

PEEP ¼ 8 (n ¼ 4722) PEEP ¼ 5 (n ¼ 13 535) P Value PEEP ¼ 8 (n ¼ 4695) PEEP ¼ 5 (n ¼ 4695) P Value

Age, years 67.7 (59.4, 74.8) 67.3 (59.3, 74.1) .023 67.6 (59.3, 74.8) 67.7 (59.6, 74.6) .84
Male 3538 (74.9) 10 010 (74.0) .19 3520 (75.0) 3524 (75.1) .92
BMI, kg/m2 28.6 (25.6, 32.4) 27.6 (24.9, 30.9) <.001 28.5 (25.6, 32.4) 28.6 (25.6, 32.3) .82
Hematocrit, % 40.6 (37.1, 43.4) 40.3 (36.8, 43.1) <.001 40.6 (37.1, 43.4) 40.5 (37.2, 43.2) .55
Creatinine, mg/dLb 1.0 (0.9, 1.2) 1.0 (0.9, 1.2) .73 1.0 (0.9, 1.2) 1.0 (0.9, 1.2) .45
Albumin, g/dL 4.1 (3.8, 4.4) 4.1 (3.8, 4.4) .002 4.1 (3.8, 4.4) 4.1 (3.8, 4.4) .41
COPD asthma 445 (9.4) 1097 (8.1) .005 441 (9.4) 444 (9.5) .92
Prior lung surgery 47 (1.00) 110 (0.81) .24 47 (1.0) 50 (1.06) .76
Pulmonary hypertension 388 (8.2) 645 (4.8) <.001 380 (8.1) 361 (7.7) .47
Smoking 2888 (61.2) 8544 (63.1) .016 2872 (61.2) 2907 (61.9) .46
CHF 1246 (26.4) 3223 (23.8) <.001 1235 (26.3) 1240 (26.4) .91
Diabetes 1736 (36.8) 4510 (33.3) <.001 1723 (36.7) 1744 (37.2) .65
Atrial fibrillation 564 (11.9) 1648 (12.2) .67 559 (11.9) 551 (11.7) .80
Stroke 381 (8.1) 937 (6.9) .009 374 (8.0) 384 (8.2) .70
Dialysis 93 (2.0) 175 (1.3) <.001 89 (1.9) 77 (1.6) .35
Abnormal LVF 2961 (62.7) 7423 (54.8) <.001 2936 (62.5) 2927 (62.3) .85
Emergency surgery 42 (0.89) 178 (1.3) .021 42 (0.89) 42 (0.89) .99
No bypass 386 (8.2) 1216 (9.0) .090 385 (8.2) 408 (8.7) .39
CABG with valve procedure 1550 (32.8) 3403 (25.1) <.001 1530 (32.6) 1572 (33.5) .36
Redo 997 (21.1) 2761 (20.4) .30 989 (21.1) 990 (21.1) .98
RBC units in OR <.001 .10

0 3431 (72.7) 9030 (66.7) 3409 (72.6) 3345 (71.3)
1 340 (7.2) 1117 (8.3) 339 (7.2) 392 (8.4)
2 524 (11.1) 1778 (13.1) 522 (11.1) 541 (11.5)
3 181 (3.8) 728 (5.4) 180 (3.8) 207 (4.4)
4 149 (3.2) 546 (4.0) 149 (3.2) 127 (2.7)
�5 97 (2.1) 336 (2.5) 96 (2.0) 83 (1.8)

Total CPB time 95.0 (72.0, 120.0) 99.0 (75.0, 125.0) <.001 95 (72, 120) 96.0 (73, 121) .47
Core temp at ICU admission 36.3 (36.0, 36.7) 36.3 (36.0, 36.8) <.001 36.3 (36.0, 36.7) 36.3 (36.0, 36.7) .46
Cardiac output at ICU

admission
5.4 (4.5, 6.4) 5.2 (4.4, 6.2) <.001 5.4 (4.5, 6.4) 5.4 (4.5, 6.5) .38

P/F ratio 235 (173, 310) 235 (173, 313) .87 235 (173, 310) 233 (173, 308) .50
OR intubation time 5.62 (4.9, 6.53) 5.43 (4.72, 6.35) <.001 5.62 (4.90, 6.53) 5.57 (4.85, 6.52) .14

Abbreviations: BMI, body mass index; CABG, coronary artery bypass graft; CHF, congested heart failure; COPD, chronic obstructive pulmonary disease; CPB,
cardiopulmonary bypass; ICU, intensive care unit; LVF, left ventricular function; OR, operating room; PEEP, positive end-expiratory pressure; p/F, PaO2/FiO2;
RBC, red blood cells; temp, temperature.
aDescriptive statistics are expressed as median (Q25, Q75) for continuous variables and count (%) for categorical variables.
bP values calculated from log-transformed values
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variables included CVICU and hospital LOS, pneumonia,

aspiration pneumonia, and hospital mortality.

Statistical Methods

The first step of the propensity score analysis was a logistic

regression that predicted the probability of PEEP of 8 cm

H2O in the investigation population using the variables shown

in Table 1. This probability is the propensity score. Patients in

the PEEP ¼ 8 cm H2O group were matched to those in the

PEEP ¼ 5 cm H2O group, with the closest propensity score

in a greedy match algorithm which identified 4695 matched

pairs. The quality of match was assessed by examining the stan-

dardized differences of variables before and after matching.

The matched patients were then compared on their postopera-

tive outcomes. Specifically, initial postoperative intubation

time, and CVICU and hospital LOS, were summarized by the

Kaplan-Meier method and compared with the log-rank test

on the incidence of hospital-acquired pneumonia. Hospital

mortality was compared with Fisher exact test.

There were missing values in the preoperative variables: 10

with no PaO2 value; 1 with no CVICU admission core tempera-

ture; 600 with no initial cardiac output (the majority of these

patients were managed without pulmonary artery catheters);

1048 with no recorded preoperative albumin; and 5505 with

no preoperative atrial fibrillation status recorded. Since there

were no missing outcome variables, and the missing values

in other variables are either sporadic or blocked, missing data

were unlikely to cause substantial bias. We thus adopted a sim-

ple approach to impute the missing values using regression

models of the other measured variables. All analyses were done

using SAS 9.1 and R 2.12.2 and the level of statistical signifi-

cance was set at .05.

Results

The investigation cohort consisted of 13 548 (74%) men and

4709 (26%) women who ranged in age from 21 to 95 years.

Of these, 4722 (26%) patients had initial PEEP setting of 8

cm H2O and 13 535 (74%) patients had an initial PEEP setting

of 5 cm H2O (Table 1). During the investigation period, a PEEP

of 8 or 5 cm H2O was used for > 95% of all cardiac surgery

patients admitted to the CICU. The interquartile range of PaO2

at CICU admission for all patients was 104 to 187 mm Hg

(median ¼ 141 mm Hg). The PaO2—FiO2 ratio interquartile

range was 173 to 312 with a median of 235. After matching,

there were 4695 patients in each group. A subgroup analysis

of patients with chronic obstructive pulmonary disease

(COPD)/asthma (n ¼ 885, 441 patients with PEEP of 8 cm

H2O and 444 with PEEP of 5 cm H2O) was also performed.

Propensity score matching significantly reduced the imbalance

between the matched groups (Table 1; Figure 1).

Figure 2 compares the hospital and CVICU LOS and initial

postoperative intubation time after matching using Kaplan-

Meier curves. The PEEP of 8 cm H2O patients had longer hos-

pital LOS (mean¼ 7.7 vs 7.4 days, PEEP¼ 8 vs 5 cm H2O, P <

.001 [median each ¼ 6 days]) and CVICU LOS (mean ¼ 49.8

vs 47.9 hours [median ¼ 28.4 vs 28.5 hours], P ¼ .057). There

was no difference in initial postoperative intubation time

between PEEP of 8 versus 5 cm H2O (mean 11.9 vs 12.0 hours

[median 8.2 vs 8.8 hours], P¼ .89). There was no difference in

hospital mortality between groups (0.47 vs 0.43, P ¼ .76;

Table 2) and no outcome difference was found in the subgroup

analysis of the patients with COPD/asthma.

Discussion

Postoperative PEEP selection is often random and the perceived

benefit of higher settings is mostly unproven. Although in this

investigation the differences in the occurrence of aspiration pneu-

monia and in CVICU LOS approached statistical significance,

and hospital LOS was significantly higher (0.3 days) for patients

with an initial PEEP of 8 cm H2O (vs 5 cm H2O), these differences

are likely to prove clinically unimportant. It thus seems that

increased initial postoperative PEEP of 8 cm H2O compared to

PEEP of 5 cm H2O is neither harmful nor beneficial.

It is well known that PEEP maintains functional residual

capacity by maintaining alveolar recruitment and thereby

improving gas exchange. Positive end-expiratory pressure

facilitates weaning FiO2 and in doing so reduces secondary

lung injury risk by shortening exposure to high FiO2 (O2 toxi-

city) and positive pressure (barotrauma) ventilation. Alterna-

tively, high PEEP may cause barotrauma or impede venous

Figure 1. The heterogeneity between patients with PEEP ¼ 8 cm
H2O and PEEP ¼ 5 cm H2O, as measured by the standardized dif-
ferences in each of the prognostic variables, was substantially reduced
after matching (black) versus before (gray). PEEP indicates positive
end-expiratory pressure.
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return and decrease cardiac output, especially in patients with

low ejection fractions or who are being supported on filling-

dependent cardiac assist devices. Higher PEEP is better used

in cases where there is known benefit for a treatable condition,

for example, to maintain alveolar recruitment in refractory

acute lung injury (ALI) or while a patient is being treated for

fluid overload.

Although in this patient cohort, the mean initial PaO2/FiO2

ratio of 249 is within the defined ALI range, ALI in these

patients is likely related to the acute and transitory effects of

mechanical ventilation (cycle induced) and cardiopulmonary

bypass (cytokine-mediated inflammation) from which they can

typically quickly recover. Although high PEEP and low tidal

volume improves oxygenation and reduces secondary lung

injury in patients with ALI,4,8,9 in this investigation the higher

initial PEEP setting of 8 cm H2O, although low compared to

PEEP typically used in ALI, did not confer an outcome benefit

that was clinically meaningful.

The vast majority of patients return to the CVICU immedi-

ately after cardiac operations on mechanical ventilator support

and are thus potentially subject to mechanical ventilation

cycle-induced pulmonary inflammatory changes in addition

to inflammation inconsistently associated with cardiopulmon-

ary bypass. Respiratory therapist-driven best practices for

determining initial ventilator settings and postoperative wean-

ing strategies are being continuously refined.

The known benefits of increased PEEP have led to its

early use to improve oxygenation and prevent or reduce

atelectasis in patients recovering from cardiac surgery. It

has been shown that mechanical ventilation using higher

PEEP and lower tidal volumes is associated with decreased

pulmonary inflammatory markers. Higher PEEP improves

oxygenation and prevents atelectasis.10,11 Additionally, lung

recruitment maneuvers, appropriate use of sedation, and

adequate pain control can facilitate a rapid transition to

spontaneous-unassisted ventilation.

A lung protective strategy of higher PEEP and lower tidal

volumes for patients with ALI has been shown to shorten

mechanical ventilation time and improve outcome.12 A meta-

analysis of high PEEP settings used in the treatment of patients

with ALI found an absolute risk reduction in early mortality of

4%.13 Unlike other patients with ALI, postoperative ALI seen

in this patient cohort is typically transitory and rapidly recover-

able, thus higher PEEP in these patients is unlikely to be

necessary.

Limitations

We incorporated preexisting comorbidities (Table 1) into the

group descriptions, as previous studies have shown that risk

factors for prolonged intubation and mechanical ventilation

in cardiac surgery patients correlate with preoperative respira-

tory and cardiac function.7,14 The primary analysis of this arti-

cle is a propensity score-matched comparison between patients

with PEEP of 8 cm H2O and PEEP of 5 cm H2O. A limitation of

this technique is that it can only balance ‘‘measured’’ character-

istics of the patients, and it is impossible to elucidate every pos-

sible preoperative condition that may cause a difference in

patient outcome. For example, subclinical lung disease or

early, undiagnosed infection may lead to changes in lung com-

pliance that will not be captured with preoperative testing but

will manifest following surgery. Current diagnostic techniques

are relatively insensitive for discovery of such subtle lung dis-

ease. Another limitation is that the number of clinical event

outcomes (Table 2) is small in this data set, which may lead

to low statistical power for some statistical tests.

Initial PEEP settings in some patients may have been

adjusted up or down prior to extubation, and this was not

accounted for in the analysis. Some patients initially admitted

to the CICU on PEEP of 5 cm H2O may have worsened and

PEEP in these patients may have been increased to improve

oxygenation. Duration of PEEP settings and postoperative

adjustments before extubation were not analyzed and could

have affected the results.

Additionally, some patients may have received higher PEEP

because of certain intraoperative conditions perceived by the

Figure 2. The Kaplan-Meier curves of days of hospital stay, hours of ICU stay, and hours of initial ICU intubation by patient groups after
matching. At any given time on the x-axis, the y-axis corresponds to the percentage of patients with a longer duration (black: PEEP ¼ 8 cm H2O
and gray: PEEP ¼ 5 cm H2O). PEEP indicates positive end-expiratory pressure.
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provider as an indication for higher PEEP. Some of these fac-

tors may have not been included in propensity scoring, thus it is

likely that some patients received higher PEEP for reasons not

included in this analysis. Also, perioperative variables like

fluid administration and fluid balance that may affect initial

intubation time, CVICU, and hospital LOS were not included

in the analysis. We did not include data on intraoperative ven-

tilator settings, SaO2, peak airway pressures, or intraoperative

crystalloid fluid administration, and this could also have

affected the results.

The weaning protocol used stems from our scope of prac-

tice, the nature of our patients, and the principle that early extu-

bation is beneficial. Our cardiothoracic critical care protocols

are designed for extubation and discharge to step-down units

on a 24-hour, 7-day-a-week basis. We have used a strategy that

encourages rapid weaning as soon as patients are able to

breathe spontaneously, clear secretions, and protect their air-

ways recognizing that suitability for extubation is usually con-

sidered after PEEP has been weaned to 5 cm H2O.

The general practice for weaning patients in the CVICU on

PEEP of greater than 5 cm H2O is to wean the FiO2 to 40%,

then wean the PEEP to 5 cm H2O followed by CPAP trials and

tracheal extubation if PaO2/FiO2 is acceptable and all other

extubation criteria are met. We did not analyze data for the tim-

ing of these ventilator transitions, and this may have impacted

CVICU LOS and other outcomes.

Conclusion

Propensity-matched patients admitted directly to the CVICU

after cardiac surgery with an initial PEEP of 8 cm H2O versus

PEEP of 5 cm H2O differed only on hospital LOS, and the dif-

ference was likely clinically unimportant. There was no differ-

ence in initial postoperative intubation time, CVICU LOS,

pneumonia, or hospital mortality. Thus, initial application of

higher PEEP after cardiac operations is likely neither beneficial

nor harmful. Whether there is a subset of patients who may

benefit from preferential use of either PEEP setting cannot be

determined from this investigation.
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