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Abstract

Objective—Pulmonary function frequently deteriorates after cardiopulmonary bypass (CPB).

Chronic obstructive pulmonary disease (COPD) increases risk of respiratory complications after

CPB. Cysteinyl leukotrienes are important mediators of respiratory dysfunction. Their role during

cardiac surgery and its lung complications is incompletely understood. We studied whether

production of cysteinyl leukotrienes changes during and after cardiac surgery with CPB and

differs between patients with and without COPD.

Methods—Patients with (n = 9) and without (n = 10) moderate-to-severe COPD undergoing

cardiac surgery with CPB were prospectively included. Plasma and urinary cysteinyl leukotriene

and leukotriene B4 concentrations were measured by enzyme-linked immunosorbent assay after

anesthesia induction, at end of CPB, after CPB, and 2 hours after intensive care unit admission.

Gas exchange and respiratory mechanics were also assessed.

Results—Patients with COPD had larger airway resistances after CPB and chest closure (P<.

001), lower ratio of arterial Po2 to inspired oxygen fraction at intensive care unit admission (215 ±

37 vs 328 ± 30 mm Hg, P<.05), and longer postoperative mechanical ventilation (13.7 ± 5.8 vs 6.8

± 3.4 hours, P<.01). Urinary cysteinyl leukotriene concentrations increased with time in both

groups (P <.01), but more in patients with than without COPD (P<.05). Plasma cysteinyl

leukotriene concentrations increased significantly between baseline and intensive care unit

admission in patients with but not without COPD (P<.01). Concentrations of leukotriene B4 in

plasma and urine did not increase significantly with time and were not different between groups.

Conclusions—Release of cysteinyl leukotrienes increases during cardiac surgery with CPB and

is larger in patients with than without COPD. This may be related to higher lung and airway

production of cysteinyl leukotrienes and neutrophil activation in patients with COPD.
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Chronic obstructive pulmonary disease (COPD) ranks number 4 among the causes of death

in the United States.1 COPD because atherosclerotic cardiovascular disease is closely linked

to smoking and affects 4% to 27% of patients undergoing coronary artery bypass grafting

(CABG).2 Moreover, after cardiac surgery COPD is an independent predictor of in-hospital

mortality3 and a risk factor for extubation failure and prolonged mechanical ventilation,4

likely compounding with the respiratory dysfunction that follows cardiac surgery.5

Leukotrienes are 5-lipoxygenase metabolites of arachidonic acid predominantly synthesized

by leukocytes. Cysteinyl leukotrienes (leukotrienes C4, D4, and E4) mediate

bronchoconstriction, vasoconstriction, and increase vascular permeability.6,7 Cysteinyl

leukotriene inhibition is used clinically mainly in the modulation of bronchoconstriction in

aspirin- and exercise-induced asthma.8 Patients with moderate-to-severe COPD may benefit

from cysteinyl leukotriene inhibition, as shown by the attenuation of their hypertonic saline

solution–induced bronchoconstriction.9 Cysteinyl leukotrienes appear to be important in

experimental10 and clinical acute lung injury.11 Previous studies suggested increases in

blood12 and urinary13 cysteinyl leukotrienes during and after cardiac surgery with

cardiopulmonary bypass (CPB). Those studies, however, did not address the association

between COPD and blood or urinary cysteinyl leukotriene levels, used high-dose

aprotinin,12 and were performed more than 10 years ago, when surgical techniques and CPB

system biocompatibility may well have led to higher inflammatory responses than those

observed currently. As a consequence, despite the known respiratory dysfunction after

CPB14 and the significant percentage of patients with COPD undergoing cardiac surgery,

there is no information on the intraoperative and immediate postoperative changes in

cysteinyl leukotrienes during cardiac surgery in patients with and without COPD.

Leukotriene B4 (LTB4), another 5-lipoxygenase product, is a powerful endogenously

synthesized chemotactic factor for granulocytes that is involved in the accumulation of

neutrophils in the airways in COPD.15 In cardiac surgery, increases of LTB4 have been

observed in bronchoalveolar lavage fluid16 and blood during and after CPB.12,17,18 LTB4

has also been suggested as a key mediator of postoperative acute respiratory failure.

We hypothesized that the systemic inflammatory response to cardiac surgery with CPB

exacerbates the chronic inflammation present in patients with COPD, leading to higher

production of cysteinyl leukotrienes in patients with COPD than in those without COPD. To

test this hypothesis, we measured both plasma and urinary levels of cysteinyl leukotrienes in

patients with and without COPD undergoing cardiac surgery with CPB. We evaluated

whether (1) the production of cysteinyl leukotrienes is increased during cardiac surgery, (2)

the changes in cysteinyl leukotriene levels differ according to the presence of COPD, and (3)

changes in plasma and urinary levels of LTB4 and in lung function variables parallel

changes in cysteinyl leukotriene levels.

MATERIALS AND METHODS

Study Subjects

This prospective, single-center study was approved by the institutional review board of the

Massachusetts General Hospital (approval number 2007P000164), and written, informed
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consent was obtained from all subjects. Twenty patients undergoing cardiac surgery with

CPB between August 2007 and August 2008 were studied: 10 patients with moderate or

severe COPD, as defined by Global Initiative for Chronic Obstructive Lung Disease

criteria,19 and 10 patients without COPD and with no history of either smoking or

pulmonary disease (control group). Exclusion criteria were the presence of acute respiratory

failure, previous diagnosis of asthma, and emergency surgery. Patient disease severity at

intensive care unit (ICU) admission was assessed with the Simplified Acute Physiologic

Score 3 score.20 Aspirin treatment during the 7 days preceding surgery was recorded to

account for its role as a confounding factor given its effects on the modulation of the 5-

lipoxygenase pathway through inhibition of cyclooxygenase.21

Procedures

Regular medication was maintained until surgery. Patients were medicated in advance with

midazolam hydrochloride (INN midazolam); underwent anesthesia induction with fentanyl

and propofol; had anesthesia maintenance with isoflurane, midazolam, and fentanyl; and had

muscle paralysis induced with cisatracurium besylate (INN cisatracurium besilate) or

pancuronium bromide. Standard monitoring, including electrocardiography, pulse oximetry,

radial artery catheterization, and pulmonary artery catheterization was performed. Patients

were mechanically ventilated with a tidal volume of 8 mL/kg, an inspired oxygen fraction of

1, and a positive end-expiratory pressure of 2.5 cm H2O, with respiratory rate adjusted to

maintain normocarbia. Ventilator parameters were kept constant before and after CPB.

All procedures were performed through a median sternotomy. CPB was performed with

activated clotting time greater than 480 seconds, systemic cooling to 30°C to 33°C, and

ascending aortic cannulation. Venous cannulation was performed with a single double-stage

right atrial cannula in all cases except that of patient 7, in whom direct cannulation of both

the superior and inferior venae cavae was used. Cardiac arrest was achieved by cold or

warm blood antegrade and retrograde cardioplegia. The flow was maintained at 2.4 L/(min ·

m2), with a mean arterial pressure greater than 50 mm Hg. During CPB, the expiratory limb

of the breathing circuit was opened to the atmosphere with lungs passively deflated. Before

weaning from CPB, at least 1 recruitment maneuver to a peak inspiratory pressure of 20 to

25 cm H2O with direct visualization of lung expansion was performed.

Cardiopulmonary Function Measurements

Hemodynamic measurements were systemic and pulmonary arterial pressures, central

venous pressure, and cardiac output. Respiratory measurements included arterial blood gas

values and respiratory system compliance and airway resistance obtained with a respiratory

analyzer (NICO; Respironics, Philips Healthcare, Best, The Netherlands). All function

measurements were performed at 5 time points: (1) after intubation but before sternotomy

(baseline), (2) after sternotomy but before CPB, (3) after CPB but before chest closure, (4)

after chest closure at the end of surgery, and (5) 2 hours after arrival in the ICU.

Leukotriene Measurements

Blood and urine samples were drawn at 4 time points chosen to represent major phases: (1)

after intubation but before sternotomy (baseline), (2) at the end of CPB while still on
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extracorporeal circulation, (3) after CPB but before chest closure, and (4) 2 hours after

arrival in the ICU. Urinary leukotrienes could not be measured in 1 patient with COPD

(patient 13; Table E1) who had previously known chronic renal failure and became anuric

during surgery. Tracheal aspirates were sampled at baseline and after CPB only when

required as part of the patient’s care.

Cysteinyl leukotrienes and LTB4 concentrations were measured with an enzyme-linked

immunosorbent assay (Neogen Corporation, Lexington, Ky). Plasma samples were lipid

extracted with the C18 Sep-Pak light column (Waters Corporation, Milford, Mass) before

leukotriene measurement. Urinary leukotriene concentrations were normalized to urinary

creatinine to account for urine dilution changes.13 Plasma leukotriene concentrations were

corrected for changes in plasma protein concentration at each time point relative to baseline

to take into account plasma dilution during surgery.

Statistical Analysis

All results are expressed as mean ± SD or median with interquartile range (25th–75th

percentile). Because of the paucity of human data, we based the power analysis for cysteinyl

leukotriene measurements on animal experiments.10 Considering a significance level of .05,

a power of .8, and a 2-sided hypothesis, we estimated that 8 patients in each study group

would be necessary. Statistical analysis was performed with SAS statistical software

(version 9; SAS Institute Inc, Cary, NC). Categoric variables were compared with the χ2

test or the Fisher Exact test as required. Continuous data that were normally distributed were

compared with the t test or otherwise with the Mann–Whitney test. Two-way analysis of

variance with repeated measures was used to compare groups (COPD vs no COPD) at

different time points. Bonferroni corrected post hoc tests were performed when overall P

value was less than .05.

RESULTS

Patients Characteristics at Baseline and During and After Surgery

Nineteen patients (COPD n = 9, no COPD n = 10) were included in the final analysis (Table

E1). One patient with COPD was excluded because of the intraoperative decision to perform

off-pump CABG. Patient demographic characteristics and surgical procedures were

distributed similarly between groups (Table 1).

White blood cell counts increased dramatically between baseline and ICU admission for

both groups of patients (Figure E1, A), with no significant difference between groups. In the

COPD group, there was a significant increase in white blood cell counts from chest closure

to 2 hours after ICU admission. Platelet counts decreased significantly from baseline to

chest closure and from baseline to 2 hours after ICU admission for both groups of patients

(Figure E1, B), with no difference between groups.

At ICU admission, both groups of patients had similar Simplified Acute Physiologic Score 3

values, hemodynamic values, and blood hemoglobin and urea nitrogen concentrations

(Table 1). Patients with COPD exhibited a lower arterial pH (P<.03) and a higher arterial

PCO2 (P<.03) than did patients without COPD.
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Patients with COPD had a longer duration of mechanical ventilation than did patients

without COPD (13.7 ± 5.8 vs 6.8 ± 3.4 hours, P <.01; Table E2). At ICU admission, plasma

cysteinyl leukotriene levels of patients who required mechanical ventilation for longer than

10 hours tended to be higher than those of patients who did not (4.0 ± 1.0 vs 2.3 ± 1.9

ng/mL, P = .051). There was a higher, although not statistically significant, proportion of

postoperative atrial fibrillation in patients with COPD than without (Table 2). One patient in

the COPD group (patient 18; Table E1) died on postoperative day 17.

Gas Exchange and Respiratory Mechanics

The ratio of arterial PO2 to inspired oxygen fraction did not differ at baseline between

patients with and without COPD. The ratio decreased significantly during surgery (P <.001),

with no difference between groups (Figure 1, A). Patients with COPD, however, had

significantly lower ratios of arterial PO2 to inspired oxygen fraction than did patients

without COPD 2 hours after ICU admission (215 ± 37 vs 328 ± 30 mm Hg, P<.05).

Trends in airway resistance were significantly different in the 2 groups (Figure 1, B). At

baseline, mean airway resistance was numerically but not statistically higher in patients with

COPD than in patients without COPD. Resistance increased significantly with time (P<.

001) and was higher in patients with COPD than in patients without COPD both after CPB

(9.7 ± 2.7 vs 7.8 ± 2.0 cm H2O/[L · s], P <.001) and after chest closure (13.2 ± 2.9 vs 7.4 ±

1.4 cm H2O/[L · s], P<.001).

Compliance of the respiratory system did not significantly differ between patients with

COPD and patients without COPD (Figure E2). Compliance increased significantly in

patients without COPD, however, before and after CPB relative to baseline and after chest

closure (P<.01).

Leukotriene Measurements

Cysteinyl leukotrienes—Plasma cysteinyl leukotriene concentrations (Figure 2, A)

changed significantly with time (P <.001). Starting from similar baseline values for both

groups (COPD 1.5 ± 0.3 vs no COPD = 2.0 ± 0.3 ng/mL, P = .31), cysteinyl leukotrienes

increased significantly between baseline and end of CPB in patients without COPD (P <.05)

and tended to increase significantly in patients with COPD (P = .08). Plasma cysteinyl

leukotrienes in patients with COPD were significantly higher 2 hours after arrival in the ICU

than at baseline (P <.01) and after CPB (P<0.1). Mean plasma cysteinyl leukotriene

concentrations were similar in patients who received aspirin (n = 13, 2.4 ± 1.1 ng/mL) and

in those who did not (n = 6, 2.2 ± 0.7 ng/mL, P = .60).

Urinary cysteinyl leukotriene concentrations presented a clearly different pattern in patients

with and without COPD (Figure 2, B). Values increased with time (P<.001) and were higher

in patients with COPD than in patients without COPD (P<.05 for effect of group). Starting

from similar values at baseline for both groups (COPD 0.5 ± 0.1 vs no COPD 0.5 ± 0.1

ng/mg creatinine, P = .66), post hoc tests showed that cysteinyl leukotriene urinary

concentrations tended to be higher in patients with COPD than in patients without COPD
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both at the end of CPB (3.0 ± 0.7 vs 1.5 ± 0.3 ng/mg creatinine, P = .08) and after CPB (3.4

± 0.8 vs 2.0 ± 0.4 ng/mg creatinine, P = .06).

Leukotriene B4—Plasma LTB4 concentrations tended to increase with time (P = .06) after

similar group values at baseline (COPD 2.1 ± 0.5 vs no COPD 2.2 ± 0.7 ng/mL, P = .93),

with no effect of group (Figure E3, A). Mean plasma LTB4 concentrations were equivalent

in patients who received aspirin (n = 13, 2.6 ± 1.9 ng/mL) and in those who did not (n = 6,

3.0 ± 1.8 ng/mL, P = .65). Urinary LTB4 concentrations were not affected by time or group

(Figure E3, B).

Tracheal aspirates—Tracheal aspirates were examined in only 8 patients with COPD.

Concentrations of cysteinyl leukotrienes increased numerically but not statistically between

baseline (18.7 ± 7.8 ng/mL) and after CPB (24.9 ± 8.5 ng/mL, P = .35; Figure E4, A). LTB4

levels were similar at baseline (8.9 ± 2.3 ng/mL) and after CPB (9.7 ± 2.2 ng/mL, P = .19;

Figure E4, B). Tracheal aspirate concentrations were approximately 9.1 times higher than

plasma concentrations for cysteinyl leukotrienes and 3.3 times higher for LTB4.

DISCUSSION

The main results of this study are as follows: (1) Patients with COPD had higher airway

resistances, poorer oxygenation on ICU admission, and longer duration of mechanical

ventilation than did patients without COPD. (2) There was a significant increase in cysteinyl

leukotriene production in the perioperative period of cardiac surgery with CPB. (3) This

increase was greater in patients with COPD than in patients without COPD, as quantified by

urinary cysteinyl leukotrienes. (4) In contrast, LTB4 production did not increase

significantly with time in blood or urine samples and did not differ between groups.

We observed poorer respiratory mechanics, lower oxygenation, and longer duration of

mechanical ventilation in patients with COPD than in patients without COPD. These

findings are consistent with previous reports of respiratory dysfunction during CABG and

higher perioperative morbidity in patients with COPD5,22,23 and emphasize the clinical

relevance of studying the mechanisms of postoperative respiratory failure in this subgroup

of patients. Reasons for the worse lung function in patients with COPD, as observed in this

study, are likely to be multifactorial, including atelectasis, hydrostatic pulmonary edema,

and the systemic inflammatory response syndrome. These perioperative insults could

exacerbate the chronic loss of elastic recoil and airway obstruction in COPD.4

Time courses of white blood cell and platelet counts were similar in the 2 groups, consistent

with previous reports4,24 and suggesting that more severe pulmonary dysfunction in patients

with COPD was likely due to group differences other than accumulation of those cells in the

lungs.24

Systemic Release of Cysteinyl Leukotrienes During CPB

We measured plasma and urinary levels of cysteinyl leukotrienes to obtain a sequential

picture of leukotriene production. Because of the short half-life of plasma cysteinyl

leukotrienes (about 7 minutes in healthy human subjects),25 plasma levels are likely to
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reflect acute changes in systemic cysteinyl leukotriene production. On the other hand,

urinary levels of cysteinyl leukotrienes characterize cumulative production of systemic

cysteinyl leukotrienes during the preceding hours.25–27

We found a significant increase in cysteinyl leukotriene production in the perioperative

period of cardiac surgery with CPB, starting early in the intraoperative period at the end of

CPB. Comparison of our findings with the literature is limited, because data are scarce on

intraoperative changes in cysteinyl leukotrienes during CPB and on simultaneous blood and

urinary cysteinyl leukotriene measurements. Nonetheless, our results of higher urinary

cysteinyl leukotrienes in the ICU than at baseline are consistent with the findings of Allen

and colleagues,13 who showed an increased urinary production of leukotriene E4 in the days

after CABG surgery.

The finding of increased plasma cysteinyl leukotrienes at the end of CPB relative to baseline

suggests that the 5-lipoxygenase pathway is activated at or before this time point.

Accordingly, urinary cysteinyl leukotriene levels, which represent cumulative cysteinyl

leukotriene production,25–27 tended to be larger at the end of CPB than at baseline,

suggesting that cysteinyl leukotriene production starts before the end of CPB. This

consistency between our plasma and urinary measurements strengthens our finding that an

acute increase in the perioperative production of cysteinyl leukotrienes occurs during cardiac

surgery with CPB.

Several factors could lead to increased cysteinyl leukotriene production. First, activation of

the alternative complement pathway through contact of blood with CPB circuits results in

increased adhesion of human neutrophils to the endothelium,4 potentially resulting in

increased production of cysteinyl leukotrienes by neutrophils. Neutrophils also have an

ability to export leukotriene A4 (a common precursor of LTB4 and cysteinyl leukotrienes) to

platelets and endothelial cells for conversion to leukotrienes.6 Finally, cell types present in

the coronary artery plaque (mast cells and basophils, monocytes and macrophages,

endothelial cells) produce cysteinyl leukotrienes. For example, acute systemic release of

cysteinyl leukotrienes in coronary blood occurs minutes after percutaneous transluminal

coronary angioplasty.21 Similarly, manipulation of diseased coronary arteries during CABG

could have promoted the release of cysteinyl leukotrienes into the bloodstream.21 The

decrease in plasma cysteinyl leukotriene concentrations after coronary reperfusion (after

CPB), the similar number of CABG cases in each group, and the equivalent pattern of

leukotriene changes in CABG and non-CABG cases suggest that differential release of

leukotrienes in CABG cases was not a major factor in our study.

After CPB, plasma cysteinyl leukotriene concentrations decreased to a nadir comparable to

baseline values (Figure 2, A), whereas urinary cysteinyl leukotriene concentrations were

higher than at baseline (Figure 2, B). Such observations reinforce the proposition that

cysteinyl leukotriene production occurred predominantly during the CPB period.

Importantly, the increase in urinary cysteinyl leukotrienes was greater in patients with

COPD than in patients without COPD. This, to the best of our knowledge, is a new finding

in the setting of cardiac surgery with CPB. Various factors could contribute to this finding.
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Stimulated peripheral neutrophils of patients with COPD produce more leukotriene C4 than

do those of healthy subjects.28 Cardiac surgery and CPB have been associated with

activation of peripheral neutrophils in patients in vivo.29,30 Thus neutrophil activation may

have led to our observation of enhanced cysteinyl leukotriene production in patients with

COPD. In addition, cysteinyl leukotrienes can also be produced in the lungs, as previously

shown in patients with adult distress syndrome.11 Greater lung production of cysteinyl

leukotrienes in patients with COPD than in patients without COPD thus may have

contributed to the higher urinary cysteinyl leukotriene levels observed in the COPD group.

Measurements of cysteinyl leukotrienes in tracheal aspirates in 8 patients with COPD

demonstrated high concentrations, suggesting that cysteinyl leukotrienes were probably at

least in part produced in lungs (Figure E4, A). Further studies comparing tracheal aspirate

measurements of cysteinyl leukotrienes in patients with and without COPD are needed to

draw further conclusion regarding the sites of production of cysteinyl leukotrienes during

CPB.

Finally, our finding of a trend in the association between plasma cysteinyl leukotriene levels

on ICU admission and duration of mechanical ventilation, in conjunction with all other

findings, allows us to speculate on a causal relationship between cysteinyl leukotriene

production and pulmonary outcome. A specific interventional study will be required to

establish such causality.

Systemic Release of LTB4 During CPB

Plasma and urinary concentrations of LTB4 did not change significantly with time (Figure

E3). Data on production of LTB4 during clinical and experimental CPB are conflicting, with

findings of both increased12,17 and unchanged31 levels perioperatively. The discrepancy

between our findings and reports of increased blood neutrophil LTB4 generation during

CPB17 may be related to the use of distinct measurement methods. Gadaleta and

coworkers17 used in vitro assays to quantify the potential production of LTB4 after

incubating neutrophils with a calcium ionophore,6 instead of assessing existing LTB4

plasma levels as we did. In addition, recent progress in the biocompatibility of CPB circuits

has reduced production of inflammatory mediators,32 potentially including LTB4.

Limitations and Perspectives of Study

This single-center study has several limitations. Our results do not allow us to draw any

cause–effect relationship between cysteinyl leukotriene levels and pulmonary dysfunction.

Perioperative respiratory dysfunction during cardiac surgery is multifactorial. Specific

inhibition of the cysteinyl leukotriene pathway would therefore be the best method to assess

its role in the pathophysiology of postoperative pulmonary dysfunction after CPB and in

patients with COPD. Available oral cysteinyl leukotriene receptor antagonists significantly

protect against bronchoconstriction as early as 2 hours after administration and for as long as

24 hours.9,33 A phase II randomized, controlled study assessing the effect of such an

intervention on the incidence of postoperative pulmonary dysfunction thus appears both

feasible and desirable.
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Aspirin therapy has previously been shown to increase the production of 5-lipoxygenase

metabolites (leukotrienes) in vivo through inhibition of cyclooxygenase.21 Because we did

not measure cyclooxygenase metabolites,34 we are unable to quantify the magnitude of

cyclooxygenase inhibition and any potential effect of aspirin on the production of

leukotrienes during cardiac surgery with CPB. Because the same proportion of patients

received aspirin in both groups (Table E1) and mean concentrations of cysteinyl

leukotrienes and LTB4 were similar in patients who received aspirin and in those who did

not, it is unlikely that an aspirin effect would explain our results.

Finally, this study included a small number of patients, and most of the patients with COPD

(n = 8/9) were in Global Initiative for Chronic Obstructive Lung Disease stage IIa19 (force

expiratory volume of at least 50% but less than 80%). As such, shortcomings of a small,

single-center study apply, such as limited characterization of the entire population of

patients with and without COPD, potential bias of the studied population, and inability to

directly extrapolate our results to other subgroups of patients with COPD.

CONCLUSIONS

In conclusion, our study shows that systemic release of cysteinyl leukotrienes increases with

time during the perioperative period of cardiac surgery with CPB. This increase is already

apparent at the end of the CPB time. Patterns of change in cysteinyl leukotrienes differ

between patients with and without COPD, with patients with COPD showing higher urinary

cysteinyl leukotriene levels in the perioperative period. This difference may be related to

higher lung and airway production of cysteinyl leukotrienes and increased activation of

neutrophils in patients with COPD. LTB4 production did not differ between patients with

and without COPD and did not increase with time.
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FIGURE 1.
Ratio of arterial PO2 (PaO2) to inspired oxygen fraction (FiO2; A) and airway resistances

(Raw; B) of patients with chronic obstructive pulmonary disease (COPD, filled circles, n =

9) and without chronic obstructive pulmonary disease (non-COPD, open circles, n = 10) at 5

major interventional phases: before sternotomy (Baseline), before and after cardiopulmonary

bypass (CPB), after chest closure (chest closed), and 2 hours after intensive care unit

admission (ICU). Horizontal bars represent median values. Single asterisk indicates P<.05;

double asterisk indicates P<.01; triple asterisk indicates P<.001. P values are derived from

2-way analysis of variance with repeated measurements, with Bonferroni adjustments for

multiple comparisons.
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FIGURE 2.
Plasma (A) and urinary (B) cysteinyl leukotriene concentrations in patients with chronic

obstructive pulmonary disease (COPD, filled circles, n = 9 for plasma and n = 8 for urine

samples) and without chronic obstructive pulmonary disease (non-COPD, open circles, n =

10) at 4 major interventional phases: before sternotomy (Baseline), at the end of

cardiopulmonary bypass with continued extracorporeal circulation (End CPB), after

cardiopulmonary bypass but before chest closure (After CPB), and 2 hours after intensive

care unit admission (ICU). Horizontal bars represent median values. Single asterisk

indicates P<.05; double asterisk indicates P<.01; triple asterisk indicates P<.001. P values

are derived from 2-way analysis of variance with repeated measurements, with Bonferroni

adjustments for multiple comparisons.
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TABLE 1

Patient characteristics at intensive care unit admission

COPD (n = 9) No COPD (n = 10) P value

Age (y, mean ± SD) 69 ± 9 64 ± 11 .24

No. male 7 6 .72

CABG (No.) 7 6 .72

Bypass time (min, mean ± SD) 123 ± 41 118 ± 56 .81

Aortic crossclamp time (min, mean ± SD) 86 ± 27 85 ± 37 .94

Simplified Acute Physiologic Score 320 (mean ± SD) 51 ± 10 47 ± 7 .24

Cardiac output (L/min, mean ± SD) 4.0 ± 1.3 4.2 ± 1.0 .59

Heart rate (beats/min, mean ± SD) 87 ± 5 86 ± 5 .58

Arterial pH (mean ± SD) 7.39 ± 0.5 7.45 ± 0.5 .03

Arterial PCO2 (mm Hg, mean ± SD) 40 ± 7 33 ± 4 .03

Hemoglobin (g/dL, mean ± SD) 10.2 ± 0.9 10.4 ± 1.3 .74

Blood urea nitrogen (mg/dL, median and interquartile range)* 20 (12–26) 12 (10–16) .14

COPD, Chronic obstructive pulmonary disease.

*
P value according to Mann–Whitney test.
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