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Abstract:
Introduction: The inhalation of tobacco smoke can substantially raise the level of carboxyhemoglobin in the blood. 
Determination of the level of carboxyhemoglobin and methemoglobin can identify patients with increased risk for de-
velopment of postoperative pulmonary complications. 
Material and Methods: Thirty patients scheduled for elective urologic surgery under general endotracheal anesthesia 
were allocated in two groups (n = 15 each). The study group comprised patients who were smoking cigarettes or tobac-
co pipe, while the control group included non-smokers. In both group’s carboxyhemoglobin and methemoglobin levels 
were determined preoperatively, after preoxygenation, and one hour after completing the anesthesia. Postoperative 
pulmonary complications were assessed and recorded during the period of hospitalization.
Results: The average values of carboxyhemoglobin between the two groups were statistically significantly different. 
Postoperative carboxyhemoglobin was higher in smokers compared to control non-smokers group (p = 0.000). On the 
other hand, methemoglobin was higher in the control non-smokers group compared to smokers, but without statisti-
cal significance (p = 0.88). Regarding postoperative pulmonary complications, 13.3% of the patients in the control 
non-smokers group and 26.6% of the patients in smokers group had pulmonary complications.
Conclusion: In our sample there was a difference between the incidence rates of postoperative pulmonary complica-
tions; however, we cannot confirm the hypothesis that carboxyhemoglobin and methemoglobin can serve as predictors 
for postoperative pulmonary complications.
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Introduction

	 Postoperative Pulmonary Complications (PPC) is particularly relevant to the anes-
thetic community because ventilation is under the control of the anesthetist during the intra-
operative period. Despite recent remarkable advances in anesthesia and surgical care PPC still 
remain significant problem in clinical practice[1]. PPC are associated with increased length of 
hospital stay, mortality after surgery and hospital costs[2]. It is clinically important to identi-
fy patients at high risk of postoperative respiratory complications because early prediction 
of risk allows for preoperative triage and better healthcare resource allocation[3]. Cigarette 
smoke has been identified with wide-ranging effects on the respiratory system[4]. Cigarette 
smoke also alters the transport and delivery of oxygen to the tissues. Tobacco smoking gen-
erally leads to a decrease in mucociliary transport. The irritants from tobacco increase mucus 
secretion, and the mucus becomes hyperviscous. Furthermore tobacco induces ciliostasis. All 
of the above mentioned lead to diminished tracheobronchial clearance[5]. Cigarette smoke 
can lead to small airway narrowing and collapsing, which predisposes the lung to infections, 
coughing, pulmonary complications and prolonged mechanical ventilation[6].
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	 Previous study shows that the component of smoke that 
has a major effect on the respiratory system is carbon monox-
ide leading to increased level of carboxyhemoglobin (COHb)
[7]. On the other hand, methemoglobin (MetHb) presents oxida-
tive deoxy form of hemoglobin which cannot binds oxygen[8]. 
Increased fractions of COHb and MetHb are dangerous for two 
reasons: COHb and MetHb inhibit O2 transport by blocking 
heme iron-binding sites; and when one or more iron atoms have 
bound carbon monoxide or been oxidized, the hemoglobin con-
formation is changed so that the oxygen affinity of the remaining 
heme groups is increased, thus shifting the oxygen (O2) dissocia-
tive curve to the left, and decreasing oxygen delivery to tissues. 
These forms of hemoglobin can only be measured by a multi 
wavelength spectrophotometer such as a CO- oximeter through 
arterial blood sample[9]. At present there is still no evidence of 
a simple, useful and widely applicative scoring for prediction 
of postoperative pulmonary complications[1,2]. We hypothesized 
that the values of COHb and MetHb correlate with PPC and can 
serve as prognostic markers for developing PPC. 

Materials and Methods

	 The study adhered to the principles of the Declaration 
of Helsinki for medical research involving human subjects and 
was approved by the Ethics Committee at the Medical Facul-
ty (no: 03-4407/8) and by the Institutional Review Boards of 
the University Clinic for Anesthesia, Reanimation and Intensive 
Care “Mother Theresa” in Skopje. We conducted a single cen-
ter, prospective, observational study. We enrolled all consecu-
tive adult patients aged 18 and 60 years, scheduled for elective 
urologic surgery under general endotracheal anesthesia,  with-
out any history of respiratory disease, physiological score for 
preoperative assessment of health – ASA (American Society of 
Anesthesiologists) I and II. The patients were randomly assigned 
into two groups. The patients in the study group (group I, n = 
15) were smokers, and in the control group (group II, n = 15) 
patients were never-smokers[10]. We excluded all transplant pa-
tients, patients having surgery under local or regional anesthesia, 
pregnant patients, patients brought in operating theater intubat-
ed, patients with any history of respiratory disease[1,11,12]. 

Study protocol
	 On admission every patients underwent a standard clin-
ical preoperative protocol, which include clinical examination 
and evaluation for existence of any respiratory symptoms or dis-
ease[13]. 
	 On the day of surgery, 90 minutes before intervention 
patients were premedicated with oral Diazepam 5 mg. In the 
operating theatre all patients were continuously hemodynami-
cally monitored. After performing standard Allen test for circu-
lation[14] intra-arterial line was placed in the radial artery. The 
standardized intravenous anesthesia protocol was commenced 
for both groups.  The induction was accomplished after preoxy-
genation with 100% O2/ 6L/min, for 3 minutes with midazolam 
1-2 mg, fentanil (2-10 μg/kg) and propofol (2 mg/kg). The intu-
bation was facilitated with rokuroniumbromid 0.5 mg/kg. The 
anesthesia was maintained with fentanyl 1-2 mcg/kg, continu-
ous infusion of propofol 0.1 – 0.2 mg/kg/min, and rocuronium 
bromide 0.3 mg/kg. The patients were mechanically ventilated 

with inhaled fraction with a mixture of O2 (50%) and air (50%), 
PEEP 5cm H2O, 6-8 ml/kg tidal volume (VT). Respiratory rate 
was adjusted according to the ETCO2 35 - 45 mmHg.
	 In the end of surgery all patients were transferred to 
post-anesthesia care unit (PACU). In PACU they were placed on 
continuous heart rate and peripheral oxygen saturation monitor-
ing. The length of stay in the PACU was recorded together with 
the appearance of any complications during the stay. 
	 Postoperatively patients were followed for presence 
and appearance of any respiratory system signs and symptoms 
until the discharge from the hospital[11,15,16].

Measurements	
	 Arterial blood gas analysis was performed at three time 
points: T0 - before surgery under respiration with room air; T1 - 
after pre-oxygenation, and T2 - one hour after surgery in PACU 
under respiration with room air or oxygen inhalation with or 
without endotracheal intubation. Levels of COHb and MetHb 
were determined from arterial blood sample. COHb, MetHb, to-
tal Hb, fractional oxyhemoglobin (FO2Hb) and partial pressure 
of carbon dioxide (PCO2 mmHg) and oxygen (PO2 mmHg) in 
arterial blood samples were analyzed and measured by blood 
gas analyzer (SIEMENS RAPID Point 500 Systems). COHb and 
MetHb were analyzed spectrophotometrically. To guarantee ac-
curacy at least every 4 hours, the analyzer runs a zero calibration 
of the optical system against a colorless calibration fluid. Any 
other biochemical measurements and electrolyte levels were de-
termined by standard laboratory methods. 
	 Appearance of any postoperative respiratory complica-
tion were recorded and analyzed[11,15]: new detection of respira-
tory wheezing treated with bronchodilators, persistent coughing 
>15 seconds, respiratory insufficiency, re-intubation, atelectasis, 
aspiration pneumonia, pneumothorax, pleural effusion, laryn-
gospasm, bronchospasm, pneumonia, acute respiratory distress 
syndrome (ARDS), pulmonary embolism[15]. Secondary out-
comes of interest were: the time of anesthesia and surgery, post-
operative length of stay and in-hospital mortality, postoperative 
ICU admission.

Statistical analysis
	 The databases were created with the help of computer 
programs, the processing of which is made with the standard de-
scriptive and analytical methods. The attributive and numerical 
data were analyzed using the odds relations, proportions or the 
measure of the central tendency and are reported as medians and 
ranges, and categorical variables are expressed as percentages. 
The statistical significance was tested with analysis of variance 
and difference. The significance is indicated when p < 0.05.

Results

	 According to the inclusion criteria the pilot study en-
rolled 30 patients in both groups who underwent elective uro-
logic surgery. They were divided in two groups: smokers (group 
I, n = 15), control non-smokers group (group II, n = 15). The 
baseline demographic characteristics were similar between both 
groups of patients with respect to sex, age, weight, height BMI 
and ASA. 
(Figure 1)
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Figure 1: Consort diagram. Smokers Group I, Never-smokers Group II.

	 Predominant clinical diagnosis in I and II group was 
kidney cancer (26.6%). Interventions were 30% laparoscopic 
and 70% open surgeries. In table 1 are presented the baseline 
demographics and clinical characteristics of patients and the at-
tributes of the surgery.

Table 1: Patient and surgical baseline characteristics within each group 
(Mean ± SD).

Variable Group Smokers 
n =15

Group Non-
smokers n = 15

Sex M/F 11/4 10/5
Age 50.2 ± 12.84 49.93 ± 13.99
ASA I/II 0/15 2/13
BMI (m2) 25.84 ± 3.5 25.92 ± 2.76
Surgery Open/Laparoscopic 11/4 11/4
Anesthesia time (min) 143.3 ± 62.38 159.33 ± 64.65
Operation time (min) 174.66 ± 68.2 196.6 ± 67.65
Blood transfusion (no/yes) 10/5 7/8
Transfusion unit 1 1.4
Operation
Nephrectomy 7 6
Varicocele repair 2 2
Radical prostatectomy 3 4
Radical cystectomy 3 3

Abbreviations: F - female; M – male; ASA- American Society of An-
esthesiologist, BMI-Body Mass Index; NS-Not significant (p > 0.05)

Table 2: Hemodynamic data of the patients (Mean ± SD). 

Variable Group Smokers n=15 Group Non-smokers n=15

HR - T0 82.26 ± 12.62 81.73 ± 8.09
HR – T1 71.93 ± 12.04 64.26 ± 7.55
HR – T2 74.13 ± 11.75 74.13 ± 11.75
SBP - T0 147.2 ± 20.53 152.133 ± 19.6
SBP – T1 120 ± 13.2 114.73 ± 8.36
SBP – T2 123.66 ± 19.88 123.4 ± 8.95
DBP - T0 85.4 ± 18.57 84.66 ± 10.01
DBP - T1 67.26 ± 7.44 70.4 ± 9.98
DBP - T2 72.6 ± 6.73 75.2 ± 8.1
Fluids Infusion
≤ 6 (ml kg-1 h-1) n = 1 n = 1
6 to 9 (ml kg-1 h-1 ) n = 1 n = 2
9 to 13 (ml kg-1 h-1 ) n = 13 n = 12

Data are expressed as mean ± standard error of the mean. 
T0 – preoperative; T1 - after preoxygenation; T2 - one hour after induc-
tion in anesthesia; HR - heart rate; BP – blood pressure

	 Table 2 present the hemodynamic data of the pa-
tients. Fluid therapy for the first perioperative hour was similar 
in groups, (1120 ± 211.11 vs. 1100 ± 207.01) for the smoking 
group and for the non-smoking group.

Table 3: Perioperative changes in carboxyhemoglobin and methemo-
globin in the Smoking and Non-smoking Group.

T0 T1 T2

Group Smokers  n = 15
COHb % 2.1 ± 1.02  1.92 ± 0.97 1.88 ± 0.63 
MetHb % 0.18 ± 0.11 0.27 ± 0.14  0.3 ± 0.11
Total Hb g/L 137.73 ± 24.3 121.13 ± 30.18 115.4 ± 18.76 
FO2Hb % 93.7 ± 2.46 96.17 ± 2.34 92.5 ± 2.42
PCO2 mmHg 38.07 ± 6.16 45.62 ± 10.31 44.54 ± 7.91
PO2 mmHg 78.96 ± 10.81 166.67 ± 128.2 85.12 ± 19.57
Group Non-smokers n = 15

COHb % 0.47 ± 0.27 0.42 ± 0.34 0.4 ± 0.18
MetHb % 0.3 ± 0.16 0.38 ± 0.21 0.29 ± 0.12
Total Hb g/L 139.46 ± 22.9 131.2 ± 22.54 114.26 ± 18.22
FO2Hb % 96.52 ± 1.66 98.08 ± 0.78 95.35 ± 2.37
PCO2 mmHg 38.61 ± 5.07 39.3 ± 8.62 40.11 ± 6.35
PO2 mmHg 83.94 ± 8.95 157.25 ± 56.85 93.21 ± 12.78 

Data are expressed as mean ± standard error of the mean.
T0 – preoperative; T1 - after preoxygenation; T2 - one hour after surgery;
COHb-  carboxyhemoglobin; Hb -  hemoglobin; MetHb - methemo-
globin;
FO2Hb – fractional oxyhemoglobin; PCO2 - partial pressure of carbon 
dioxide; PO2 - partial pressure of oxygen.

	 Table 3 shows the effect of smoking on the periopera-
tive changes in COHb, MetHb, total HB, PCO2, PO2, and FO2Hb. 
Compered between groups COHb was significantly higher at all 
three time points in group I smokers. In the second time point T1 
after preoxygenation COHb was decreased and in the third time 
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point T2 one hour after surgery, COHb was as well decreased due 
to mechanical ventilation. In both groups, MetHb increased in 
T1 after preoxygenation. In T2 there were differences regarding 
MetHb in both groups, in group II never smokers the level of 
MethHb was lower than preoperative baseline level, but without 
significant difference (p > 0.05) and significantly increased in 
the group I smokers (p < 0.05).

Table 4: Postoperative pulmonary complications in the Smoking and 
Non-smoking Group.
Variable Group Smokers 

n = 15
Group Non-smok-
ers n = 15

Postoperative pulmonary complications
Total PPC 4 2
Prolonged intubation 1 1
Atelectasis 1 1
Pneumonia 1 0
ARI 1 0
Postoperative outcome
Lenth of hospital stay 6.21 ± 3.7 4.73 ± 2.6
Post Op. ICU admission 1 0
In hospital mortality 0 0

Abbreviations: PPC – postoperative pulmonary complications, ARI – 
acute respiratory insufficiency.

	 The level of COHb in groups smokers and never smok-
ers decreased postoperatively (2.1 ± 1.02 vs. 1.88 ± 0.63) vs. 
(0.47 ± 0.27 vs. 0.4 ± 0.18). The average values of COHb be-
tween the groups were statistically significantly different. At 
baseline preoperative value T0 was p = 0.000, at the second time 
point T1 after preoxygenation the p value was 0.000 and at the 
postoperative time point T2, p = 0.000. MetHb level on the oth-
er hand increased postoperatively (from 0.18 ± 0.11 vs. 0.3 ± 
0.11) in group I smokers and decreased (from 0.3 ± 0.16 vs. 0.29 
± 0.12) in group II never-smokers. The average postoperative 
values of MetHb were as follows:  at baseline preoperative time 
point T0, p = 0.02, at the second time point after preoxygenation 
T1, p = 0.10 and at the last postoperative time point T2, p = 0.88. 
(Graph 1).

Graph 1: Change of the average values of CoHb and MetHb in the 
groups.

	 Regarding postoperative pulmonary complications, 
13.3% of the patients in the control non-smokers group and 
26.6% of the patients in smokers group had pulmonary compli-
cations. In the smokers group one patient had pneumonia, other 
patient had atelectasis and one patient required ICU admission 
due to respiratory insufficiency. On the other hand patients in 
never smoking group didn’t required ICU admission, one patient 
had prolonged intubation due to spasm and other patient was 
with atelectasis. The most frequent PPC are shown in Table 4 
together with the second outcome measures. (Table 4)
	 We found statistical significance between the BMI and 
PRK (Pearson Chi-square: 4.80159, p =.028434).We found sta-
tistically significant moderate positive correlation between the 
time of surgery and PRK (Spearman Rank Order Correlations 
R= -0,448197)

Discussion

	 This prospective clinical study evaluates and tests the 
prognostic value of the level of COHb and MetHb in elective 
urologic patients who have undergone general endotracheal 
anesthesia. The analysis has clearly indicated that smoking in-
creases exogenous COHb. On the other hand, the MetHb is in-
creased in control non-smokers group. The study of Chin-Sheng 
confirmed that the influence of smoking is the most impotent 
determinant for the production of CO and COHb, not the type of 
anesthesia and/or the degradation products from anesthetics[17].  
	 By the literature review of Dries, on room air the half-
life of carboxyhemoglobin is 250 minutes. This is reduced to 
40 to 60 minutes with inhalation of 100% oxygen[18]. In our 
study the influence of preoxygenation with 100% oxygen on 
the level of COHb and MetHb resulted in decreased COHb in 
both groups, and significantly increased MetHb. These findings 
correlate with those of Adachi et al. showing that general en-
dotracheal anesthesia with inhaled fraction of oxygen higher 
than 35% decreased the level of COHb and increased the level 
of MetHb compared to basal values. At the same time, general 
endotracheal anesthesia with inhaled fraction of oxygen low-
er than 35% had no influence on COHb and MetHb[19]. Many 
studies suggest determination of COHb in clinical practice[20]. 
The risk of anesthesia and the incidence of postoperative respi-
ratory complications are increased in smoking population[21]. 
It has been reported that COHb is produced by the interaction 
of volatile anesthetics, including sevo¬flurane[22]. We eliminat-
ed the influence of COHb production through this interaction 
in our study, as we used intravenous anesthesia. Levy et al.[23] 
in their study observed a significant increase of COHb during 
general anesthesia in infants and children when low flow anes-
thesia was used. In our study normal flow anesthesia was used in 
all patients. Contrary to the study of Takeda, were nitrous oxide 
(N2O) had been used in all cases[24], contamination of NO in N2O 
gas was completely negligible. In our study N2O was not used, 
therefore the increase of MetHb postoperatively was ascribed to 
endogenous NO or some other autoxidizing mechanism which 
converts ferrous heme (Fe+2) to ferric heme (Fe+3). Increase of 
MetHb postoperatively after blood transfusion can be assigned 
to autoxidation of heme of the preserved red cell in the recipient. 
Increased levels of COHb correlate with an increased ICU mor-
tality in critically ill medical patients, hence COHb can serve 
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as a predictive marker for ICU severity of illness[25,26]. This has 
also been confirmed by Togores et al.[27], who found that the cor-
relation between CO and COHb depended on the level of ob-
struction in the airways. In our study, despite the fact that the 
enrolled patients were smokers, they were ASA I and II and we 
believe that the obstruction of the airway is negligible. Kakavas 
et al. in their study investigated the prognostic value of arterial 
COHb and MetHb in patients with acute pulmonary embolism. 
Their preliminary data suggest that arterial COHb and MetHb 
levels reflect the severity of acute pulmonary embolism. In uni-
variate logistic regression analysis, COHb and MetHb levels, 
both significantly correlated with increased Acute Physiology 
and Chronic Health Evaluation II score and decreased PaO2/FiO2 
ratio. However, in multivariate analysis, only COHb remained 
significant as an independent predictor of in-hospital mortality 
and the increased level of MetHb is associated with severe ill-
ness, but these findings require further prospective validation[28]. 
	 The study of Naples[29] identified an increase of arte-
rial COHb levels in stable asthma, suggesting that asthmatics 
produce more CO in the lung and offload more CO to tissues 
than healthy controls. Furthermore, the finding of a lower than 
normal MetHb level in asthmatics was unexpected. A higher 
than normal MetHb level was anticipated in asthma on the basis 
that NO can oxidize the Fe+2 in heme to Fe+3 to produce Me-
tHb[30]. In the present study the investigated group of smokers 
with significantly increased level of COHb and no significantly 
increased level of MetHb had higher incidence rate of PPC. The 
multicenter observational study LAS VEGAS[31] shows that PPC 
occur frequently in patients at increased risk, with worse clinical 
outcome. In their study the most frequently chosen VT was 500 
ml, which corresponds to a VT between 7 and 9 ml kg-1 predicted 
body weight, and the most frequently chosen PEEP levels were 
0 to 5 cm H2O. PEEP levels more than 5 cm H2O was used in 
minority of patients. They concluded that a large proportion of 
patients receive high VT and low PEEP levels, seemingly inde-
pendent of the risk of PPC. In our study we chose the mechan-
ical ventilation with PEEP 5 cm H2O, 6 - 8 ml/kg tidal volume 
(VT) for healthy individuals ASA I and II with no history of any 
respiratory disease. Elimination of locally generated CO occurs 
through its displacement from Hb and its later excretion from 
the lungs as a gas without undergoing changes. The alveolar par-
tial pressure of oxygen determines the exchange rate between 
CO and oxygen. These are the reasons that can alter the concen-
tration of COHb in the arterial blood samples: surgical trauma, 
hemoglobin concentration, tissue oxygenation and pulmonary 
function[32]. Due to the above-mentioned, in our study we ex-
cluded all patients with lung disease or systemic inflammation, 
and we fixed the inspired oxygen fraction to 0.5 except for the 
time of preoxygenation when we used 100% oxygen for 3 min-
utes. During the whole perioperative period we were trying to 
maintain the Hb level in normal ranges. In spite of the strict se-
lection of patients and the perioperative management, the values 
of COHb and MetHb were not constant.
	 Studies in specific surgical populations or large patient 
samples have identified a range of predictors of PPC risk. On 
one hand, factors such as age, types of comorbidity, body mass 
index (BMI) and smoking status have been found to be rele-
vant in most of these studies. On the other hand PRK depend 
of the type of surgery, incision, type of anesthesia, total time of 

surgery[1,11,33,34]. In our study we include and analyzed all of the 
above mentioned parameters. We included only ASA I and II pa-
tients (normal patients and patients with mild systemic disease). 
Elderly patients are at increased risk for developing PRK[1,33], 
in our study we include only patients till 65 years. We found 
statistical significance between the BMI and PRK. As for smok-
ing status we found higher incidence of PRK in smoking group. 
We had patients undergoing open and laparoscopic surgeries. 
Laparoscopic interventions are not invasive, safety for the pa-
tients, insure better analgesia. In our study one patient of smok-
ing group with laparoscopic intervention had atelectasis and one 
patient in no-smoking group with laparoscopic intervention de-
veloped atelectasis. All the others complications were in open 
surgeries. We found statistically significant moderate positive 
correlation between the time of surgery and PRK. The present-
ed data in literature suggest using regional anesthesia whenever 
possible due to lower rate of PRK, in our study we included only 
patients under general endotracheal anesthesia.  
	 The analysis indicated that smoking increases COHb 
and that the effect of smoking remains even after mechanical 
ventilation. We have also shown that preoxygenation with 100% 
oxygen decreased the blood COHb concentration and increased 
MetHb, but not significantly. In our sample there was a differ-
ence between the incidence rates of PPC; however we cannot 
confirm the hypothesis that COHb and MetHb can serve as pre-
dictors for PPC. 
	 Further investigations are needed to assess possibility 
of predictions of pulmonary complications by level of carboxy-
hemoglobin and methemoglobin.
	 For interpretation of the above-mentioned results we 
have to take into consideration the limitation of our study. A ma-
jor limitation of this study is the relatively small sample size 
in both subgroups that makes statistical analysis difficult. The 
study was open for investigators. By the literature most frequent 
interventions with increased risk for developing PRK are vascu-
lar, thoracic and upper abdominal interventions. This study ana-
lyzed only urologic interventions. The preliminary observations 
of our study require further validation in larger prospective pop-
ulations in order to clarify the underlying mechanisms of COHb 
and MetHb as prognostic markers for PPC.
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