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Abstract

Background: Respiratory failure and hypoxemia are the known complications of anesthesia and surgery. As a major surgery mainly
at advanced ages, the coronary artery bypass graft (CABG) surgery could lead to hypoxemia in the early post-operative phase. Cur-
rently, the fraction of partial pressure of arterial oxygen to the fraction of inspired oxygen (PiO2/FiO2) is used to determine the sever-
ity of the respiratory assault.
Objectives: This study aimed to find the effect of hypoxemia measured by PaO2/FiO2 at the first hour following CABG in the deter-
mination of short-term prognosis of CABG.
Methods: Being approved by a local ethics committee, this observational cross-sectional study was conducted in 212 patients under-
going CABG on the cardiopulmonary pump, with no concurrent surgery or other cardiac pathologies. Factors like age, sex, weight,
height, the duration of pump and cross-clamp, as well as other medical conditions including chronic obstructive pulmonary disease
(COPD), diabetes mellitus (DM), opioid use, ejection fraction (EF), and creatinine clearance (CrCl) before the surgery were brought
into consideration as possible confounders. The ratio of PiO2/FiO2 in the first hour after the surgery was measured, and its effect on
intubation time and intensive care unit (ICU) length of stay was evaluated as the primary outcomes. The t-test and chi-squared were
used to compare quantitative and qualitative variables, respectively. The repeated measures ANOVA test was used to compare the
means.
Results: There was no significant relationship between hypoxemia measured as the ratio of PaO2/FiO2 and the duration of ICU length
of stay (P value = 0.220) and the total intubation time (P value = 0.661). Among the qualitative variables, just opium addiction in
patients with PaO2/FiO2 > 300 was associated with significantly longer intubation time (P value = 0.016). Furthermore, in the quan-
titative variables, longer intubation time was associated with higher cross-clamp time (P value = 0.035) in hypoxemia in the range
of ARDS patients.
Conclusions: Hypoxemia after the CABG surgery is common and does not affect the short-term prognosis of CABG patients.
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1. Background

CABG is considered the most proper treatment for mul-
tiple coronary vessels occlusion (1). Several elements have
been known to affect the final outcome of this surgery in-
cluding the mortality and morbidity of the surgery, the
complications of the surgery, the duration of ICU admis-
sion, and the patients’ quality of life (2, 3). Two groups of
factors can contribute to higher mortality and morbidity
of this surgery. The first group consists of the patients’ fac-
tors such as age, sex, BMI, left ventricular ejection fraction

(EF), DM, smoking, and other concomitant medical condi-
tions (e.g., COPD, renal diseases, and so on) (3, 4). The sec-
ond group consists of environmental factors such as the
surgical and anesthesia methods, quality of myocardial
protection, the hemodynamic stability, cardiopulmonary
bypass method, and the quality of ICU care (5, 6). Recently,
there has been a considerable improvement in some surgi-
cal and anesthesia methods, as well as in myocardial pro-
tection quality, which has contributed to decreasing pa-
tients’ intubation and hospital stay (7). At the same time,
the patient’s age and the concomitant diseases are increas-
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ing, which lead to longer intubation and hospital stay (7,
8). According to the statistics, a fall in mortality and a rise
in morbidity have been observed during recent decades (9,
10).

The respiratory complications are common, life-
threatening morbidities of the CABG that can cause longer
hospital stay and ICU care (11). Considering the high cost
and the use of resources for ICU patients, finding a prac-
tical algorithm to predict the length of ICU admission
and a way to reduce it can decrease costs and the waste of
resources (12-16). In addition, due to various complications
of mechanical ventilation, there is an attempt to minimize
the ventilator time.

During the on-pump CABG, the activation of the in-
flammatory cascade could affect the function of all organs
including the lungs (17, 18). The biochemical and histologi-
cal effects of CPB on the provocation of the systemic inflam-
matory response syndrome are described in several stud-
ies, but off-pump CABG could not completely prevent the
inflammatory cascade (6, 19).

This systemic inflammatory response syndrome in-
creases pulmonary permeability and pulmonary vascular
resistance and leads to variations in surfactant quantities
(20, 21), which can lead to alveolar edema, congested alve-
olar capillary, and accumulation of erythrocytes and neu-
trophils (22).

The PaO2/FiO2 ratio is one of the most important indica-
tors of respiratory complications and the main assessment
tool for remarking pneumonia, lung atelectasis, intrapul-
monary shunts, ARDS, ALI, and need for respiratory sup-
port including mechanical ventilation. However, the es-
tablishment of the diagnosis of major respiratory compli-
cations is difficult, misleading, or impossible in the early
postoperative phase (23, 24). On the other hand, the major-
ity of CABG patients experience transient hypoxemia as a
result of the huge induced inflammatory response during
cardiopulmonary bypass and/or direct lung trauma dur-
ing surgery (18, 23).

2. Objectives

The purpose of this study was to assess the effect of low
PaO2/FiO2 values -in the range of ALI and ARDS- one hour af-
ter the surgery, on the ICU length of stay and duration of
mechanical ventilation as the primary outcomes. The sec-
ond objectives of the study were to assess the effect of other
quantitative and qualitative variables on the ICU length of
stay and duration of mechanical ventilation.

3. Methods

This cross-sectional study was conducted on patients
who underwent CABG with the extracorporeal cardiopul-
monary pump in a specialized university-based hospital
during a three-month period from Jul to Sep 2012. The
study was approved by the institutional ethics commit-
tee. All patients signed an informed consent form to be in-
cluded in the study. The inclusion criteria were as follows:
(1) CABG surgery with no concurrent operation, (2) intuba-
tion in the operation room, (3) the absence of other cardiac
pathologies including moderate to severe valvular heart
disease, and (4) the ejection fraction of more than 30% in
preoperative assessments. Patients with any of the follow-
ing criteria were excluded from the study: Pneumonia or
other infections, other pathologies requiring repairing op-
eration -e.g., valvular heart disease-, hemodynamic insta-
bility before the surgery, history of aortic balloon pump
use, respiratory distress or overt respiratory disease be-
fore the surgery, elective or emergent intubation within
two months before the surgery, PCO2 > 45 mmHg, PaO2 <
60 mmHg before the surgery or in the beginning of the
surgery, FEV1 < 60%, FEV1/FVC < 60%, VC < 50% before the
surgery, EF < 30% before or during the study, reoperation
for any reasons before extubation, any unwanted neuro-
logic complications with a change at the conscious level or
motor deficit, BMI≥ 40, blood transfusion before surgery,
severe renal insufficiency -e.g., a past medical history of
dialysis or GFR ≤ 30 mL/min-, need to corticosteroid and
inotrope therapy before the surgery, and infections before
the surgery.

The data were recorded in a designed questionnaire by
ICU trained nurses as research assistants. The ABG sample
was obtained an hour after ICU admission. The intubation
time and ICU length of stay were recorded.

Preoperative perpetration and anesthesia care were es-
tablished based on the local evidence-based protocol and
as similar as possible between the patients. All patients
had a comprehensive preoperative training course. The
evidence-based enhanced recovery after surgery (ERAS)
was applied through the adjusted hospital protocols uni-
formly since they were governing the post-operative cases,
too. Anesthesia medications for induction and mainte-
nance were similar.

A cardioplegic solution containing 20 mEq/L potas-
sium chloride (KCl) was given at 15 mL/kg loading dose and
one-third of the primary volume was repeated every 20
min containing 10 mEq/L KCl. Except for anemic patients
who had the blood in priming, others were primed with
normal saline. Ventilation and extubation were based on
“open lung concept” guidelines (25), by considering the pa-
tients’ hemodynamic status, level of consciousness, mus-
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cular power, and so on. Data collection was performed by
four cooperative experienced ICU nurses using a question-
naire.

Probable confounding factors of the study were pa-
tients’ weight and height, the time on cross-clamp and
CBP, Cr level, and concurrent disease.

Frequencies of qualitative variables and mean, range,
and standard deviation of quantitative variables were de-
termined by SPSS software (IBM Corp. Released 2011, IBM
SPSS Statistics for Windows, version 20.0, Armonk, NY: IBM
Corp.). The t-test and chi-squared were used to compare the
quantitative and qualitative variables of the two groups,
respectively. The confidence interval of 95% and P values of
less than 0.05% were considered. To compare the means,
the repeated measures ANOVA test was used.

4. Results

By considering restrictive inclusion and exclusion cri-
teria of the study, 212 patients, in total, including 50 (23.6%)
females and 162 (76.4%) males entered into the study. Table
1 shows the demographic and medical history characteris-
tics of the patients.

Table 1. The Demographic and Medical History Characteristics of Study Patients

Variable Mean ± SD

Age, y 60.45 ± 9.51

Weight, kg 73.4 ± 11.80

Height, cm 164 ± 10.16

BMI (kg.m-2) 27.26 ± 3.95

EF%a 48.74 ± 8.44

Graft number 3.42 ± 0.83

Pump time, min 67.50 ± 24.24

Cross-clamp time, min 40.85 ± 14.77

FEV1%b 87.47 ± 15.82

FEV1/FVCc 86.68 ± 8.28

Creatinined 1.27 ± 0.386

Abbreviations: BMI, body mass index; EF, ejection fraction; FEV1, forced expi-
ratory volume in the first second; FVC, forced vital capacity; GFR, glomerular
filtration rate.
a Only patients who had EF > 30% were included in the study.
b Only patients who had FEV1 > 60% were included in the study.
c Only patients who had FEV1/FVC > 60% were included in the study.
d All patients who had the past medical history of dialysis or GFR≤ 30 mL/min
were excluded from the study.

In this study, among the major qualitative risk fac-
tors that could affect the respiratory outcome, 80 people
(37.9%) had a history of smoking, seven people (3.3%) were
labeled or treated for COPD formerly, 65 cases (30.8%) had

diabetes mellitus (DM), and 32 cases (15.2%) reported opium
dependence or were in withdrawal.

Table 2 shows the ABG findings one hour after the
surgery in the study population.

Table 2. The Variables Extracted from ABG (Measured One Hour After ICU Admission)

Variables Mean ± SD

pH 7.37 ± 0.78

PaO2 , mmHg 133.61 ± 38.52

PaCO2 , mmHg 33.59 ± 5.96

BE - 4.92 ± 3.3

SpO2 , % 98.04 ± 1.44

PaO2 /FiO2 , mmHg 264.89 ± 78.11

Abbreviations: ABG, arterial blood gas; BE, base excess; ICU, intensive care unit;
PaCO2 , partial pressures of arterial carbon dioxide; PaO2/FiO2 , the fraction of
partial pressure of arterial oxygen to fraction of inspired oxygen; PaO2 , partial
pressure arterial oxygen; pH, the potential of hydrogen; SpO2 , blood oxygen
saturation.

It can be seen that the mean ratio of PaO2/FiO2 presents
hypoxemia in the range of acute lung injury (ALI) one hour
after surgery. However, the cardiac reasons for hypoxia
should be rolled out to label patients as ALI. The patients
were classified into four groups based on their PaO2/FiO2

ratio: (1) PaO2/FiO2 > 300: No hypoxemia or within the
normal ranges, (2) 300 > PaO2/FiO2 > 200: Hypoxemia
in the range of ALI, (3) 200 > PaO2 > 150: Hypoxemia in
the range of acute respiratory distress syndrome (ARDS),
and (4) PaO2/FiO2 < 150: Hypoxemia in the range of severe
ARDS. Table 3 shows the frequency of these four respiratory
conditions among our patients.

Table 3. The Frequencies of Different Levels of Hypoxemia (One Hour After CABG)

Frequency
(%)

No hypoxemia or within the normal range: PaO2 /FiO2 >
300

69 (32.5)

Hypoxemia in the range of ALI: 300 > PaO2 /FiO2 > 200 98 (46.2)

Hypoxemia in the range of ARDS: 200 > PaO2 > 150 33 (15.5)

Hypoxemia in the range of severe ARDS: PaO2 /FiO2 < 150 12 (5.6)

Total 212 (100.0)

Abbreviations: ALI, acute lung injury; ARDS, acute respiratory distress syn-
drome; PaO2/FiO2 , the fraction of partial pressure of arterial oxygen to fraction
of inspired oxygen.

Table 4 presents the relationship between PaO2/FiO2

one hour after the surgery and the intubation time and ICU
length of stay as the primary outcomes of the study.

Concerning the secondary outcomes, the effect of qual-
itative variables, i.e., gender, DM, COPD, smoking, and
opium addiction, on intubation time and ICU length of
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Table 4. The Relationship Between PaO2/FiO2 (One Hour After Surgery) and the Intubation Time and ICU Length of Stay

Hypoxemia Range Variable, hours Mean ±SD Pearson Correlation P Value

No hypoxemia or within the normal range: PaO2 /FiO2 > 300
Intubation time 13.17 ± 17.82 - 0.144 0.286

ICU length of Stay 35.6 ± 28.41 - 0.044 0.727

Hypoxemia in the range of ALI: 300 > PaO2 /FiO2 > 200
Intubation time 12.75 ± 14.85 - 0.053 0.624

ICU length of stay 42.91 ± 33.05 0.049 0.641

Hypoxemia in the range of ARDS: 200 > PaO2 > 150
Intubation time 9.33 ± 3.41 0.094 0.628

ICU length of stay 37.31 ± 25.71 0.320 0.079

Hypoxemia in the range of severe ARDS: PaO2 /FiO2 < 150
Intubation time 8.33 ± 2.56 - 0.179 0.598

ICU length of stay 55.72 ± 46.76 0.076 0.825

Total
Intubation time 11.94 ± 14.08 0.033 0.661

ICU length of stay 41.12 ± 32.42 - 0.089 0.220

Abbreviations: ALI, acute lung injury; ARDS, acute respiratory distress syndrome; ICU, intensive care unit; PaO2/FiO2 , the fraction of partial pressure of arterial oxygen to
fraction of inspired oxygen; SD, standard deviation.

stay was examined by t-test among the four different lev-
els of PaO2/FiO2. The results showed that just opium addic-
tion in patients with normal values of PaO2/FiO2 (> 300)
was associated with significantly longer intubation time
(P value = 0.016). Other variables in different oxygenation
subgroups did not show a significant effect on the intuba-
tion time or ICU length of stay.

Furthermore, among the quantitative variables, longer
intubation time was associated with higher cross-clamp (P
value= 0.035) in hypoxemia in the range of ARDS patients.

Nevertheless, a longer ICU stay was associated with
longer values of pump time (P value = 0.000) and cross-
clamp time (P value = 0.031) in patients without hypox-
emia, as well as with longer pump time (P value = 0.001)
and cross-clamp time (P value = 0.014) in hypoxemia
in the range of ALI patients, and higher pump time (P
value = 0.040) in hypoxemia in the range of severe ARDS
subgroups. None of the other quantitative confounders
showed a statistically meaningful correlation.

Table 5 shows the effect of confounding factors on in-
tubation time and ICU length of stay based on the P values
of the Pearson Correlation test.

None of the patients participated in the study passed
away during their ICU stay.

5. Discussion

CABG with cardiopulmonary bypass usually leads to
degrees of respiratory injuries that could be due to pri-
mary cardiac or pulmonary complications or both. These
injuries could prolong the recovery period and length of
hospital and ICU stay in 5% to 22% of patients in various
studies (26) and consequently increase mortality and mor-
bidity among patients. We conducted this study to assess

Table 5. The P Values of the Effect of Confounding Factors on Intubation Time and
ICU Length of Stay Analyzed by the Pearson Correlation Testa

Pearson Correlation

Intubation Time ICU Length of Stay

Age, y 0.381 0.035

Graft number 0.765 0.258

Pump time, min 0.035 0.000

Cross-clamp time, min 0.425 0.001

Weight, kg 0.073 0.289

Height, cm 0.358 0.719

BMI, kg.m-2 0.215 0.408

EF, % 0.278 0.739

Creatinine 0.215 0.954

FEV1, % 0.228 0.205

FEV1/FVC, % 0.983 0.340

pH 0.257 0.945

PaO2 , mmHg 0.995 0.071

PaCO2 , mmHg 0.964 0.334

BE 0.072 0.507

SpO2, % 0.412 0.213

Previous surgery 0.520 0.000

Abbreviations: BE, Base Excess; EF, Ejection Fraction; FEV1, forced expiratory vol-
ume in the first second; FVC, Forced Vital Capacity; ICU, Intensive Care Unit; BMI,
Body Mass Index; PaCO2 , partial pressures of arterial carbon dioxide; PaO2 , par-
tial pressure of arterial oxygen; pH, potential of hydrogen; SpO2 , blood oxygen
saturation.
aP values of < 0.05 considered statistically meaningful.

the effect of the PaO2/FiO2 ratio in the first hour after the
surgery in predicting the short outcome of CABG patients
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measured by intubation time and ICU length of stay. In
this study, 212 patients undergoing CABG with cardiopul-
monary pump were included and the impacts of different
values of the PaO2/FiO2 ratio one hour after CABG and other
risk factors on short-term outcomes (intubation time and
ICU length of stay) were evaluated.

It was seen that the most frequent range of PaO2/FiO2

was hypoxemia in the range of ALI (46.2%). Based on the
PaO2/FiO2 ratio, only 32.5% of the patients had a normal
respiratory condition and the rest of them were classified
under hypoxemia in the range of ALI or even more severe
forms of hypoxemia. Although these conditions are ex-
pected to be associated with high morbidity and mortal-
ity rates, in this study, there were no statistical differences
in the intubation time and ICU length of stay between pa-
tients with different values of PaO2/FiO2 and the mortality
rate was zero. This is the main finding of the study.

Among the subgroups, just the pump time and cross-
clamp time were associated frequently with longer ICU
stay with distinct values. However, this relationship and
the effect of age or addiction on the intubation time or ICU
length of stay, in some subgroups, could be due to prob-
lems other than hypoxemia.

In a study by Suematsu et al., it was proposed that the
PaO2/FiO2 ratio is a reliable predictor of pulmonary func-
tion after surgery and an appropriate sign for weaning
from mechanical ventilation. In their retrospective study,
the PaO2/FiO2 ratio was classified into two groups of more
than 350 and less than 350. Their findings showed that
the predictive factors of low PaO2/FiO2 were low weight,
low PaO2 before and after the surgery, prolonged surgery
time, history of hypertension and smoking, and high FiO2

after the surgery. The study concluded that patients with
high blood pressure and/or low PaO2 before the surgery
may need better care during and after the surgery, as these
two are closely related to the PaO2/FiO2 ratio (27). Consid-
ering the methodological differences with this study, our
findings showed no meaningful relationship between the
PaO2/FiO2 ratio an hour after the surgery and ICU length of
stay and intubation time (27).

Nozawa et al. indicated that factors that contribute to
prolonged mechanical ventilation (more than 10 days) af-
ter CABG are low EF, dialysis, and pneumonia. Although
they accepted PaO2/FiO2 as an oxygenation index to wean
patients from the ventilator, it was not recognized as a pre-
dictor of intubation time (28). The findings of the men-
tioned study are concordant with the results of our study.

In a study by Guizilini et al., pulmonary function af-
ter CABG was compared between the two groups of 15 pa-
tients with and without cardiopulmonary bypass. The pul-
monary function in terms of FVC, FEV1, and ABG was mea-
sured before the surgery and on the 1st, 3rd, and 5th days

after the surgery. Both groups experienced a considerable
drop in their FEV1 and FVC until the 5th day. This drop was
more significant among those with cardiopulmonary by-
pass. Similarly, PaO2 and PaO2/FiO2 dropped in both groups
although more severe in the bypass group. The results of
our study showed that pump time is also an important fac-
tor in increasing the risk of respiratory failure.

Abrahamyan et al. conducted a retrospective study on
391 patients undergoing CABG to assess mortality and mor-
bidity and the length of ICU stay. Their findings showed
that patients with a past medical history of cardiac surgery,
medicine allergy, low EF, DM, and left main coronary artery
involvement had a higher risk of more severe morbidities.
The risk factors for the prolongation of ICU stay were ad-
vanced age, the absence of sinus heart rate, high blood
pressure, and previous cardiac surgery (29). Likewise, in
our study, there was a significant relationship between ad-
vanced age and ICU stay; however, we considered EF values
of less than 30 as an exclusion criterion.

Canver and Chanda studied 8802 patients and could
recognize the risk factors contributing to respiratory fail-
ure following CABG. The only variable during the surgery
that could increase the risk of respiratory failure was CBT
time (30). Our findings showed a meaningful relationship
between the length of ICU stay and the duration of the car-
diopulmonary pump, as well.

In another study, Weiss et al. evaluated the efficacy
of low PaO2/FiO2 as an indicator of hypoxemia shortly af-
ter CABG with CPB and assessed factors that could cause
hypoxemia 24 h after the surgery. They measured the
PaO2/FiO2 ratio at 1st, 6th, and 12th hours after the surgery.
They introduced age, weight, cardiac insufficiency, past
history of MI, emergent surgery, high Cr, alveolar edema In
X-ray, prolonged CPB, and dropped PaO2/FiO2 ratio as risk
factors for developing hypoxemia. Interestingly, their find-
ings showed that only the drop of PaO2/FiO2 at 6th hour
after the surgery had a meaningful relationship with the
length of intubation and pulmonary injury. However, un-
like their findings, our findings did not show a relation-
ship between obesity, high Cr, and low EF, and the length
of ICU stay and intubation duration (31). Instead, we found
a similar relationship between CPB time and age, and the
length of ICU stay.

The frequency of PaO2/FiO2 compromise in patients
with cardiac surgery is significantly high. The mean
PaO2/FiO2 of patients was in the range of ALI. However, it
was a benign form of hypoxemia and was not associated
with a higher mortality rate or even significant rise in the
length of ICU stay and intubation time.

Considering the facts that we were not able to exclude
ALI and ARDS due to not using cardiac monitoring (e.g.
Swan Gas) and we excluded patients with heart failure or
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valvular disease and patients who needed inotropes or car-
diac pump following the surgery and due to the low rate
of metabolic acidosis in this study, we can conclude that
overall, hemodynamic and cardiac state of patients in this
study were stable; thus, the majority of cases with low
PaO2/FiO2 could be attributed to pulmonary dysfunction
and the majority of this form of benign hypoxemia could
be a special benign subtype of ARDS and ALI. However, to
prove it, the exclusion of cardiogenic hypoxemia is needed
in a clinical trial.

In the end, it could be concluded that hypoxemia is
very common after on-pump CABG. There was no signif-
icant relationship between hypoxemia measured by the
quantity of PaO2/FiO2 and the ICU length of stay and the to-
tal intubation time.

5.1. Limitation

This was a cross-sectional and single center study. The
effect of confounders was diminished by the restricting in-
clusion and exclusion criteria. However, due to the com-
plexity of hypoxemia risk factors, it is impossible to com-
pletely abolish the effect of confounders. Furthermore,
some probable confounders with minimal and indirect ef-
fects, e.g., electrolytes, were not considered in this study.
Nevertheless, while the possibilities of cardiogenic hypox-
emias and mix pathologies were low in this study, they
were still possible. The follow-up time was limited to the
ICU length of stay. The duration of ICU stay and medical
care during and after surgery could be different in other
cardiac surgery units, and this could affect the prevalence
and effects of hypoxemia.
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