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Chapter 11 

Positive end – expiratory pressure 
following coronary artery bypass grafting

Dongelmans DA, Hemmes SNT, Kudoga AC, Veelo DP, Binnekade JM, 
Schultz MJ
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Abstract

Background. Cardiac surgery–related pulmonary complications include alterations in 
lung mechanics and anomalies in gas exchange. Higher levels of positive end–expiratory 
pressure (PEEP) have been suggested to benefit cardiac surgical patients. We compared 
respiratory compliance, arterial oxygenation and time till tracheal extubation in 2 cohorts of 
patients weaned from mechanical ventilation with different levels of PEEP after elective and 
uncomplicated coronary artery bypass grafting (CABG). We hypothesized that higher PEEP levels 
improve pulmonary compliance and gas exchange in the first hours of weaning from mechanical 
ventilation, but not to shorten time till tracheal extubation.

Materials and Methods. Secondary retrospective analysis of 2 randomized controlled trials: in 
the first trial patients were weaned with PEEP levels of 10 cmH2O for the first 4 hours followed 
by PEEP levels of 5 cmH2O until tracheal extubation (high PEEP, HP); and the second trial patients 
were weaned with PEEP levels of 5 cmH2O during the entire weaning phase (low PEEP, LP). 
The primary endpoint was pulmonary compliance. Secondary endpoints included arterial 
oxygenation, duration of mechanical ventilation and post-operative pulmonary complications.

Results. The analysis included 121 patients; 60 HP patients and 61 LP patients. Baseline 
characteristics were similar. Compared to LP patients, HP patients had a better pulmonary 
compliance, 47.2 ± 14.1 versus 42.7 ± 10.2 ml/cmH2O (P < 0.05), and higher levels of PaO2, 
18.5 ± 6.6 (138.75 ± 49.5) versus 16.7 ± 5.4 (125.25 ± 40.5) kPa (mmHg) (P < 0.05). Patients in 
the HP group were less frequent in need of supplementary oxygen after ICU discharge. These 
differences remained present during the entire weaning phase, even after reduction of PEEP. 
However, HP patients had a longer time till tracheal extubation, 16.9 ± 6.1 versus 10.5 ± 5.0 
hours (P < 0.001). HP patients had longer durations of postoperative infusion of propofol, 4.9 
[2.6 – 7.4] versus 3.5 [1.8 – 5.8] hours (P < 0.05). There were no differences in use of inotropes. 
Cumulative fluid balances were slightly higher in HP patients.

Conclusion. Use of higher PEEP levels after elective uncomplicated CABG improves pulmonary 
compliance and oxygenation but seems to be associated with a delay in tracheal extubation.
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Introduction

Pulmonary dysfunction is a ubiquitous consequence of cardiac surgery.1 Cardiac surgical 
patients are subjected to surgery–related factors, including sternotomy, cooling, the use of 
cardiopulmonary bypass and internal mammary artery dissection, which all predispose them 
to postoperative pulmonary complications. Cardiac surgery–related pulmonary complications 
include alterations in lung mechanics, anomalies in gas exchange, or both.1 Alterations in the 
mechanical properties of the lung lead to reductions in pulmonary compliance,2 vital capacity3 
and functional residual capacity,4 which are reflected by immediate but short–lasting changes 
of the inspiratory pressure–volume curve of the respiratory system.5 Indeed, up to 4 hours 
after cardiac surgery the inspiratory pressure–volume curve has a sigmoid shape because of 
a right–shift of the lower inflection point (LIP) and a down–shift of the upper inflection point.

A positive end–expiratory pressure (PEEP) level set above the LIP may prevent atelectasis and 
decrease small airway closure.6,7 As such, higher PEEP levels could benefit cardiac surgical 
patients. However, higher PEEP levels could also have negative effects. Higher PEEP levels may 
cause caregivers to give more sedatives, which could lengthen the weaning process. In addition, 
higher PEEP levels may compromise cardiac output,8 mandating the use of more intravenous 
fluids to increase the afterload and inotropes to improve cardiac performance. 

The aim of this study was to scrutinize the effects of higher PEEP levels on pulmonary function and 
weaning of cardiac surgical patients. We hypothesized that higher PEEP levels improve pulmonary 
compliance and gas exchange in the first hours of weaning from mechanical ventilation, but 
not to shorten time till tracheal extubation. Hereto we reanalysed and compared data from 2 
randomized controlled trials of patients after elective and uncomplicated coronary artery bypass 
grafting (CABG) in which different PEEP levels were used.9,10

Methods

Study design
In this retrospective analysis, we analysed and compared prospectively collected respiratory 
parameters; times till tracheal extubation, prescriptions of sedatives and inotropes, and 
cumulative fluid balances from 2 randomized controlled trials of patients after CABG.9,10 The 
first trial was performed from October 2005 to July 2006,9 the second trial from August 2007 
to August 2008.10 The mechanical ventilation protocol in the intervention arm of the first trial9 
only differed from that in the control arm of the second trial10 with respect to the PEEP level 
used in the first 4 hours of weaning from mechanical ventilation (see below). In addition, we 
collected and compared need for supplementary oxygen and peripheral oxygen saturations in 
the ward, the presence or absence of infiltrates, atelectasis, pleural effusion and signs of fluid 
overload on chest X–rays, and the presence or absence of pneumonia.

Setting
Both trials recruited patients after CABG admitted to the 28–bed intensive care unit (ICU) of 
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the Academic Medical Center, Amsterdam, the Netherlands. From October 2005 until August 
2008 neither the medical staff nor the nursing staff changed. The medical staffing consisted 
of 8 full–time intensivists, 8 ICU fellows and 10 residents of other specialties, such as internal 
medicine, anaesthesiology and surgery. The nursing staff consisted of 140 qualified ICU nurses.

The protocols for anesthesia during surgery and post–operative care in the ICU were also left 
unaltered during conduct of both trials. In short, anesthesia started with 1 or 2 mg lorazepam as 
pre–medication, which was followed by etomidate, sufentanil and rocuronium for induction of 
anesthesia and facilitation of intubation. During the surgical procedure small doses of sufentanil 
were used as analgesic, and sevoflurane plus propofol were used to maintain anesthesia. 
Muscle relaxants were not given during the surgical procedure. Small boluses of morphine and 
midazolam could be given at the end of the procedure. Cardiopulmonary bypass was performed 
under moderate hypothermia (28 – 35°C), using a membrane oxygenator and non–pulsatile 
blood flow. At the end of anesthesia, all patients were transferred to the ICU with tracheal 
intubation. In the ICU fluid resuscitation existed of intravenous infusion of normal saline and 
starch solutions, and blood transfusion to maintain hemoglobin concentration (≥ 5.0 mmol/L 
or 190 g/l). Dopamine and norepinephrine were infused to achieve mean arterial pressure ≥ 70 
mmHg, dobutamine and/or enoximone were infused to achieve a cardiac index ≥ 2.5 L/min/m2 
or a mixed venous oxygenation > 60%. Propofol was given for sedation via continuous infusion 
until core temperature was > 36.00C. Acetaminophen (4 gram/day) was started in all patients. 
Morphine was given in small boluses of 1 to 2 mg intravenously at the descretion of attending 
ICU nurses. No neuromuscular blocking agents were used in the ICU.

The original trials
The local institutional review board approved both trials, and preoperative written and signed 
informed consent was obtained from eligible patients programmed for elective CABG.

Inclusion and exclusion criteria were similar for both trials. In both trials we created a 
homogenous group of patients of ≥ 18 years after elective and uncomplicated CABG. Patients 
with a history of pulmonary disease or a history of pulmonary surgery were excluded; patients 
with an intra–aortic balloon pump or inotropes and/or vasopressors at a more then usual rate 
(in mg per hour): dopamine (16), norepinephrine (4), dobutamine (20) or epinephrine [any rate]) 
on arrival in the ICU were also excluded.

All patients were ventilated by Hamilton Galileo ventilators in the adaptive support ventilation 
(ASV) mode.11  (software version GMP03.41f, GCP03.40a, GTP01.00; Hamilton Medical AG, 
Rhäzüns, Switzerland). There were no differences in software versions between the original 
trails. Passive humidification of the ventilatory circuit was applied by means of a HME–filter 
(Medisize Hygrovent S, Medisize, Hillegom, The Netherlands). Minute ventilation was set at 
100% of the theoretical value based on ideal body weight (IBW) (“100% minute ventilation”) and 
oxygen inspiratory fraction (FiO2) of 50%. Maximum airway pressure (P–max) was set 35 cmH2O 
(high–pressure pop–off). Flow trigger sensitivity was set at 2 L/sec. An arterial blood gas (ABG) 
analysis (Rapid Lab 865; Bayer Diagnostics, Dublin, Ireland) was performed 30 minutes after 
connection to the ventilator. If PaCO2 was < 3.5 kPa (26.25 mmHg) or > 5.5 kPa (41.25 mmHg) 
minute ventilation was adjusted. Any modification of the ventilator settings was advised to be 
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controlled after 30 minutes by a new ABG analysis. FiO2 was adjusted to maintain arterial oxygen 
saturation (SaO2) of ≥ 95%. The patient was extubated after achieving general tracheal extubation 
criteria (i.e., responsive and cooperative, urine output > 0.5 ml/kg/h, chest tube drainage < 100 
ml last hour, no uncontrolled arrhythmia, rectal temperature > 360C, spontaneous respiratory 
frequency of 10–20 breaths per minute, futhermore a FiO2 of 40% and an inspiratory pressure 
(P–insp) of 5 to 10 cmH2O for 30 minutes.

PEEP level settings
In the intervention group of the first trial,9 the PEEP level was set at 10 cmH2O in the first 4 
hours after arival in the ICU, and therafter at 5 cmH2O until tracheal extubation (high PEEP, HP). 
In the control group of the second trial,10 the PEEP level was set at 5 cmH2O from admission to 
the ICU until tracheal extubation (low PEEP, LP).

Escape ventilation mode
In both trials pressure controlled and pressure support ventilation were indicated as escape 
ventilation if patients would fail weaning with ASV or afer reintubation. 

Data collection
The following data were collected: demographic data (gender, age, height, weight) operation 
characteristics (duration of anesthesia, duration of cardiopulmonary bypass, duration of cross–
clamping). 

Ventilation parameters (PEEP level, respiratory rate and tidal volume (VT), P–insp and dynamic 
compliance [all collected by a data logger (Hamilton data logger, version 3.27.1, Hamilton Medical 
AG connected to the ventilator], blood gas analysis results).

Outcome data (time till tracheal extubation, re–intubation, and length of stay in ICU [collected 
from the Patient Data Management System, IMDsoft, Sassenheim, the Netherlands]).

Other postoperative data: need of oxygen in the ward, rate of atelectasis at chest X-ray and 
pneumonia.

ICU data. Hourly fluid balances in three study fases, use of inotropics, opiod dose and types, 
midazolam dose, propofol dose. ICU discomfort data (use of physical restraints, the occurences 
of stress and/or agitation, as reported in medical and/or nursing reports). 

Time phases
For comparisons between groups, we defined 3 phases during stay in ICU. In HP patients, 
“phase–1” was the period during which patients were ventilated with a PEEP level of 10 cmH2O; 
“phase–2” was the period during which patients were ventilated with a PEEP level of 5 cmH2O 
(i.e., untill tracheal extubation); “phase–3” was the period from tracheal extubation untill 
discharge from the ICU. Phase–1 for LP patients was defined as the mean time of “phase–1” in 
HP patients; “phase–2” was the following period that ended with tracheal extubation; “phase–3” 
was the period from tracheal extubation untill discharge from the ICU.



256

Table 1. Patient characteristics

Variable HP patients 
N = 63

LP patients 
N = 63

Gender, male (%) 55 (87) 55 (87)

Age, years 65 ± 8 64 ± 9

Actual body weight, kg 85 ± 14 83 ± 10

Predicted body weight, kg 71 ± 9 71 ± 8

Number of bypasses, N 3 [3 – 4] 3 [3 – 4]

Use of arterial graft, N (%) 51 (81%) 44 (70%)

Pump time, minutes 97 ± 33 103 ± 36

Aortic clamp time, minutes 59 ± 25 63 ± 27

Opiates OR – total dose, mg/kg 2.5 [1.8 – 3.4] 2.5 [2.0 – 3.1]

Benzodiazepines OR – total dose, mg/kg 1.7 [0.4 – 2.5] 1.8 [0.5 -2.8]

Length of stay in ICU, hours 25 [22 – 63] 27 [22 – 40]

HP: high positive end–expiratory pressure (PEEP); LP: low PEEP; ICU: intensive care unit; OR: Operation room. Data are 
means ± SD or medians [IQR]

Table 2. Mechanical ventilation characteristics

 Variable Phase HP patients
N = 60

LP patients
N = 61 p value

Respiratory rate, breath/min
1 13.9 ± 1.8 13.8 ± 2.0 0.855

2 12.9 ± 1.4 14.5 ± 2.3 < 0.05

Tidal volume, ml
1 613 ± 98 582 ± 92 < 0.05

2 579 ± 105 589 ± 100 0.10

Tidal volume, ml/kg IBW
1 8.6 ± 0.9 7.1 ± 1.1 < 0.05

2 8.4 ± 1.3  8.4 ± 1.2 0.87

P–insp, cmH2O
1 12.7 ± 3.1 13.6 ± 2.8 0.28

2 11.9 ± 3.1 13.2 ± 3.1 0.45

Compliance ml/cmH2O 1 47.2 ± 14. 1 42.7 ± 10. 2 < 0.05

2 48.6 ± 13. 2 44.6 ± 11. 3 0.33

FiO2 1 42.2 ± 3 42.4 ± 5 0.75

2 42.6 ± 3 41.6 ± 7 0.27

HP: high positive end–expiratory pressure (PEEP); LP: low PEEP; IBW, ideal body weight; P–insp: inspiratory pressure; FiO2: 
fraction of inspiration oxygen. Data are means ± SD or medians [IQR]



PEEP following CABG

Ch
ap

te
r 

11

257

Definitions
Ideal body body weight (IBW) was calculated by the following formula: in men, IBW (kg) = 50 
+ 0.91 X (centimeters of height - 152.4); in women, IBW (kg) = 45.5 + 0.91 X (centimeters of 
height - 152.4).12 

Hourly cummulative fluid balances were calculated, ignoring insensible loss. Cumulative fluid 
balance was defined as the sum of all fluids (fluids in and out the patient) this was calculated per 
time-phase (see above). Inotrope doses were compared using a previously described inotrope 
score.13 The inotrope score was calculated as dopamine (x1) + dobutamine (x1) + milrinone 
(x15) + norepinephrine (x100).

Opiate doses were all recalculated as morphine equipotent doses with the following formula: 10 
miligram (mg) of morphine = 0.1 mg fentanyl = 0.01 mg sufentanil.14 Doses of benzodiazepines 
were similary converted to equipotent doses of diazepam using the following formula: 5 mg 
midazolam = 10 mg diazepam = 50 mg oxazepam.15 Patient discomfort was defined as stress and 
agitation reported in the patient’s medical chart that led to an intervention such as administration 
of a benzodiazepine or mobilization.

We defined postoperative pneumonia as: new infiltrate(s) on the chest x-ray with leucocytes 
above 12 x109, fever (temperature above 38.3) and purulent sputum. 

Statistical analysis
Descriptive statistics were used to summarize patient characteristics. Categorical variables were 
compared between groups by chi–square tests. If normally distributed, continuous values are 
expressed as means ± standard deviation (SD), otherwise medians and interquartile ranges [IQR] 
were used. All analyses were performed in SPSS version 16.0 (SPSS inc., Chicago, IL).

Results

Patients
In the original trials 64 patients were randomized to the intervention arm of the first trial9 and 
64 patients to the control arm of the second trial.10 In both arms 1 patient was lost to analysis 
due to reaching exclusion criteria with respect to use of inotropes. Three HP patients and 2 LP 
patients were lost to analysis due to datalogger failure. This left us with 60 HP patients and 61 
patients LP patients. Patient characteristics are shown in table 1. Patients from the 2 trials were 
well matched according to their baseline characteristics. No significant differences were found 
in baseline characteristics as well as in intra–operative medication requirements (aesthetics, 
opioids and benzodiazepines). Body temperature on arrival in the ICU was similar.

The PEEP level was set at 10 cmH2O for 5.0 ± 2.5 hours in HP patients, thereafter the PEEP level 
was maintained at 5 cmH2O until tracheal extubation. In LP patients PEEP levels were never set 
above 5 cmH2O.
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Table 3. Prescribed sedatives

Variable Phase HP patients
N = 60

LP patients
N = 61 p value

Total propofol dose, mg/kg

1 5.9 [3.0 – 9.7] 2.2 [5.2 – 8.0] 0.427

2 0 [0 – 4.0] 0 [0 – 2.1] 0.162

3 0 0 1

Propofol treatment, hours

1 4.9 [2.6 – 5.0] 3.5 [0.94 – 1.6] < 0.05

2 0 [0 – 2.5] 0 [0 – 1.0] 0.110

3 0 0 1

Total morfine dose, mg 

1 0 [0 – 0] 0 [0 – 2.5] 0.390

2 0 [0 – 2.4] 0 [0 – 0] 0.199

3 0 [0 – 0] 0 [0 – 2.9] 0.064

Total benzodiazepines dose, mg

1 0 [0 – 0] 0 [0 – 0] 0.321

2 0 [0 – 0] 0 [0 – 0] 0.151

3 0 [0 – 0] 0 [0 – 0] 0.353

HP: high positive end–expiratory pressure (PEEP); LP: low PEEP. Data are means ± SD or medians [IQR]

Table 4. Discomfort data

Variable HP patients
N = 60

LP patients
N = 61 p value

Use of physical restraints, number of patients 9 3 0.06

Stress and/or agitation, number of patients 9 13 0.39

HP: high positive end–expiratory pressure (PEEP); LP: low PEEP. Data are means ± SD or medians [IQR]

Table 5. Inotrope scores and cumulative fluid balances

Variable Phase HP patients
N = 60

LP patients
N = 61 p value

Inotrope score

1 101 [15 – 115] 100 [5 – 115] 0.529

2 100 [100 – 115] 15 [0 – 115] 0.956

3 0 [0 – 0] 0 [0 – 0] 0.365

Cumulative fluid balance, ml

1 1112 ± 1108 1130 ± 999 0.928

2 776 ± 1127 507 ± 1054 0.198

3 643 ± 834 177 ± 738 < 0.05

HP: high positive end–expiratory pressure (PEEP); LP: low PEEP. Data are means ± SD or medians [IQR]
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While there were no HP patients who needed reintubation, 2 LP patients were reintubated after 
planned extubation (p = 0.87). 

Both patients had to be reintubated, probably due to atelectasis both confirmed on chest x-ray 
after reintubation and ventilated with the escape ventilation modes pressure controlled and 
pressure support. Both patients were extubated in the subsequent course of their ICU stay.

Pulmonary compliance
Mechanical ventilation characteristics are presented in table 2. Compliance was higher in the 
HP patients in phase–1; although compliance remained higher in HP patients in phase–2, the 
difference did no longer reach statistical significance. VT was larger in HP patients in phase–1 and 
2; P–insp was lower in phase–1 and 2, although differences did not reach statistical significance. 

Arterial oxygenation and carbon dioxide levels
Blood gas analysis data are shown in figure 1. PaO2 levels were higher in HP patients in phase–1 
and phase–2, but not in phase–3. In accordance, PaO2 to FiO2 ratios were higher in HP patients 
in phase–1, and remained significantly higher in phase–2. PaCO2 levels were lower in HP patients 

Figure 1. Arterial oxygenation (PaO2), arterial carbon dioxide (PaCO2) and arterial pH, in 
phase–1, 2 and 3, and PaO2 to FiO2 ratios (P/F) in phase–1 and 2 after admission to ICU
Closed symbols, patients ventilated with higher PEEP levels in phase–1; open symbols, patients ventilated with lower PEEP 
levels during the entire weaning period. *denotes statistical significant differences between groups
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in phase–1 and phase–2. Arterial pH was similar between the 2 study groups, in all predefined 
phases. Patients in the HP group were less frequently in need for supplementary oxygen in the 
ward (relative risk of 0.80 (0.66 – 0.96), p-value of 0.02). Peripheral oxygen saturations in the 
ward were not different. There were no differences between groups regarding atelectasis, pleural 
effusion and signs of fluid overload at chest X–rays on day 1, two or three postoperatively. Two 
patients in the HP group developed pneumonia.

Duration of mechanical ventilation
Duration of mechanical ventilation is shown in figure 2. Time from ICU admission to tracheal 
extubation was different between groups. HP patients were extubated after 16.9 ± 6.1 hours, 
while LP patients were extubated after 10.5 ± 5.0 hours (p < 0.001).

Sedatives and patient discomfort
Dose and duration of sedatives are shown in table 3. Discomfort data are shown in table 4. 
Median cumulative dose of propofol administered during stay in ICU tended to be higher in 
the HP patients, 8.5 [3.9 – 14.9] versus 5.8 [2.6 – 11.8] mg/kg (p = 0.16). In addition, propofol 
infusion was continued for a longer time, 4.9 [2.6 – 7.4] versus 3.5 [1.8 – 5.8] hours (p < 0.05). In 
phase–1 there was a significant difference between groups 4.9 [2.6 – 5.0] hours in the HP patients 
versus 1.6 [0.94 – 3.5] hours in the LP patients (p < 0.05). Opiates and benzodiazepines were 
seldom administered in both groups. Discomfort was not different between HP and LP patients.

Figure 2. Kaplan–Meier curve showing time until tracheal extubation
Closed line, patients ventilated with higher PEEP levels in phase–1; Dotted line, patients ventilated with lower PEEP levels 
during the entire weaning period
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Table 6. Postoperative data

Variable HP
N=60

LP
N=61 RR (95% CI) p value

Sputum 1 3 3 (0.32 / 28.05) 0.62

Fever 9 9 1 (0.43 / 2.35) 1.0

Leucocytes 38 36 0.95 ( 0.71 / 1.26) 0.85

O2 54 43 0.80 (0.66 / 0.96) < 0.05

Antibiotics_pulm 0 0 - -

Pneumonia 0 2 - -

Day 1 (n) CXR 6 (9) 7 (9) 1.17 (0.65 / 2.08) 1.0

Day 2 (n) CXR 41(47) 29 (25) 0.99 (0.82 / 1.19 ) 1.0

Day 3 (n) CXR 33 (36) 32 (37) 0.94 (0.80 / 1.11) 0.71

Day 1 (n) Atelectasis 4 (9) 6(9) 1.50 (0.63 / 3.56) 0.63

Day 2 (n) Atelectasis 31 (47) 20 (29) 1.05 (0.76 / 1.44) 0.98

Day 3 (n) Atelectasis 24 (35) 28 (36) 1.10 (0.83 / 1.47) 0.62

Day 1 (n) Saturation 96 (42) 96 (29) - 0.36

Day 2 (n) Saturation 94 (56) 94 (43) - 0.59

Day 3 (n) Saturation 94 (58) 94 (46) - 0.59

HP: high positive end–expiratory pressure (PEEP); LP: low PEEP; N: number of patients; O2: Oxygen need on the ward; 
Antibiotics_pulm: Antibiotics prescribed for suspected pneumonia; n: number of occurrence; CXR: Chest X-ray abnormalities; 
Atelectasis on chest X-ray; Saturation: peripheral oxygen saturation in percentage

Inotropes and cumulative fluid balances
Prescription of inotropes and cumulative fluid balances are shown in table 5. The inotrope score 
was higher in HP patients in phase–2, but differences did not reach statistical significance. There 
were no clinically important differences between the 2 study groups with respect to cumulative 
fluid balances, although HP patients had a significant higher cumulative fluid balance at the end 
of stay in ICU.

Postoperative complications
Need of oxygen in the ward was significantly different between groups. Patients in the HP group 
were less frequent in need of supplementary oxygen in the normal ward, after ICU discharge 
(relative risk of 0.80 (0.66 – 0.96), p = 0.02). There were however no differences between groups 
regarding atelectasis at chest X-ray and other postoperative data (table 6). There were, according 
to our definition, two cases of pneumonia the HP group. 
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Discussion

In this secondary analysis of 2 randomized controlled trials of patients after elective and 
uncomplicated CABG we determined the effects of use of higher PEEP levels on mechanical 
ventilation characteristics, including pulmonary compliance and oxygenation. The results can 
be summarized as follows: (1) compliance was higher in HP patients in phase–1, but not in 
phase–2; (2) oxygenation was better in HP patients in phase–1 and 2, but similar in phase–3; 
(3) time till tracheal extubation was longer in the HP patients and (4) Patients in the HP group 
needed supplementary oxygen after ICU discharge less frequently.

Our analysis confirms results from previous studies suggesting that higher PEEP levels improve 
pulmonary function after cardiac surgery.5–7 Indeed, with the use of higher PEEP levels pulmonary 
compliance was better and arterial oxygenation improved. Notably, the beneficial effect on 
pulmonary compliance was only found in phase–1, and the effect on arterial oxygenation 
disappeared after tracheal extubation. This latter finding is in accordance with findings of a 
previous observational study and randomized controlled trials.5,16,17 In one observational study 
of cardiac surgical patients, changes in lung mechanics were only present in the first hours 
after surgery.5 In a randomized controlled trail of patients after CABG, in which patients were 
mechanical ventilated with PEEP levels of 0, 5 or 10 cmH2O, it was shown that use of higher 
PEEP levels offered no sustained beneficial effect on arterial oxygenation or the occurrence of 
atelectasis on chest X–rays.16 In another randomized controlled trial of cardiac surgical patients, 
in which patients were mechanically ventilated with PEEP levels titrated on the best achievable 
PaO2 level, a similar course of the effects of PEEP over time was noted.17 It should be noted that 
patients in the HP group needed less frequently supplementary oxygen after ICU discharge. This 
may be because of prevention of atelectasis. Atelectasis may have been too small to be detected 
by chest X-rays, explaining why we did not find a difference between the study groups with regard 
to atelectasis on chest X–rays. Higher PEEP levels are frequently used in mechanically ventilated 
patients suffering from acute lung injury. Two recent metaanalyses of randomized controlled 
trials of patients with acute lung injury showed higher PEEP to be associated with a reduction 
in hospital mortality.18,19 Notably, this effect was only found in patients with more severe acute 
lung injury, since patients with less severe acute lung injury had no clinical benefit from the use 
of higher PEEP levels. Thus, the beneficial effects of PEEP seem to depend on the severity of 
illness. Obviously, short-lived pulmonary dysfunction, as found in patients after cardiac surgery, 
is different from abnormalities found in patients with acute lung injury.

We did not expect the PEEP level to have an effect on time till tracheal extubation after elective 
uncomplicated CABG. We found nevertheless a significant difference in time till extubation. 
Differences in the use of sedatives could explain differences in time to extubation.  Sedation is 
often needed during the time the patients spend on the ventilator and are warming up, however 
oversedation can prolong this period and lead to adverse effects for the patient.20 We found 
that although the total dose of propofol was the same, the duration of the use of propofol was 
longer in the HP patients as well overall as in phase–1. This suggests that the use of higher 
PEEP leads to longer use of sedatives and this, in turn, could contribute to a longer duration of 
ventilation. However since the difference in time till extubation is much larger (almost 6 hours) 
then the difference in the time of the use of propofol (almost 1.5 hours) it is unlikely that the 
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longer duration of the use of propofol explains the total difference in duration of ventilation. In 
a post hoc regression analysis we calculated that the attribution to the time till extubation of 
the duration of propofol infusion was 18% in the HP group and 8% in the LP group.

Another reason for the differences in duration of ventilation could be differences in the use of 
inotropes. However we found no differences in inotrope scores between HP and LP patients 
suggesting no influence of the applied PEEP level on the use of inotropes. Moreover it should 
be noted that although the protocol stated that HP should be given during 4 hours the mean 
duration of HP was 5 ± 2,5 h. The reason for this could be that PEEP was to be lowered according 
to the guideline when the patient was stable. Determining this could include a new blood gas 
analysis thus leading to delay.

As a high PEEP level may affect venous return, we expected a more positive fluid balance to 
maintain preload of the heart in the high PEEP group. Indeed, the ICU–guideline clearly advised 
to first infuse fluids before increasing the infusion rate of inotropics. A difference in fluid balances 
from ICU admission till tracheal extubation was not found. In both groups the fluid balance from 
ICU admission till tracheal extubation was approximately one liter, which is expected in patients 
who arrive in the ICU with mild hypothermia and sedation. The difference in fluid balance after 
tracheal extubation remains unexplained. Notably, the this difference was not associated with 
differences in oxygenation. In the postextubation period on the ward there were significant 
differences in the number of patients needing oxygen therapy. The LP group needed more 
oxygen. Whether or not this was caused by more atelectasis in this group as one would suspect 
is difficult to asses. The number of patients with atelectasis on there chest X-ray did not differ 
between the groups. 

Although 2 patients in the HP group developed pneumonia, while no pneumonia was observed 
in the LP group, it should be noted that this difference was not statistically significant. If we 
added use of antibiotics for any cause (or the clinical diagnosis of pneumonia) to our definition 
no cases of pneumonia were present in both groups.

There are several limitations to our analysis. It should be recognized that the design of our study 
is not the most appropriate for comparison of two treatment strategies. This is an important 
drawback of our study, which should be taken into account when interpreting the study results. 
It would have been better to perform a randomized clinical trial to minimize the chances on 
bias and confounders. 

Our analysis should be seen as a before–after study. It might be that our practice changed over 
time but that this change remained unnoted. However it should be said that the OR and ICU staff 
remained largely similar. Also, aside from the PEEP level used in mechanically ventilated patients 
after cardiac surgery, no changes were introduced in the local mechanical ventilation guideline. 
Moreover the question should be raised whether tracheal extubation of cardiac surgical patients 
is dependent on the ventilatory strategy e.g. PEEP levels alone or (also) on factors independent 
on the ventilation strategy. Anaesthesia and ICU teams may gain experience in the treatment 
of these patients, which could hasten tracheal extubation.21 Also, increased experience with 
the ventilation mode used in the two studies (Adaptive Support Ventilation) could have altered 
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the treatment of these patients. It should be noted, however, that our team started the use 
of Adaptive Support Ventilation in 2004. And finally, better awareness of rather long weaning 
times in our institution could have led to a more proactive behaviour with regard to tracheal 
extubation.22

Another limitation is the titration of PEEP in our study. Notably, the PEEP level in our patients 
was not titrated on the LIP of individual pressure volume curves, since interpretation of pressure 
volume curves can be difficult and time consuming.23-27  We rather choose for a simple approach 
to use a PEEP level of 10 cmH2O for 4 hours, based on the findings in a previous observational 
study.5 This practical approach could have led to the use of too low PEEP levels. This in turn 
could have led to insufficient effect of the high PEEP strategy while in the meantime resulting 
in longer weaning times. Contrary our approach could also have led to unnecessary high levels 
of PEEP. Resulting in an exaggeration of the possible negative effects of higher PEEP levels and 
again to longer weaning times. Either way thus resulting in longer weaning times without the 
benefits of the use of higher PEEP levels. 

While none of the HP patients needed to be reintubated, 2 LP patients had to be reintubated. 
Although this difference was not statistically significant, the finding is though–provoking. From 
the present analysis it cannot be concluded that the higher reintubation rate in LP patients 
is causally related to the PEEP level used in the first hours of weaning. However, since the 2 
reintubated patients needed continuation of mechanical ventilation because of atelectasis, it 
can at least be speculated that the higher PEEP levels could prevent reintubation. It is legitimate 
to ask ourselves what is preferable: To extend few hours the period of weaning and prevent 
extubation failure or to shorten the routine weaning process and increase the risk of extubation 
failure? The fact that more LP patients used oxygen in the ward fits this picture as well. This 
hypothesis needs however to be tested in a well–powered randomized controlled trial

Conclusion

Use of higher PEEP levels after elective uncomplicated CABG improves pulmonary compliance 
and oxygenation but is associated with a delay in tracheal extubation.
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