This work is licensed under a Creative Commons Attribution-NonCommercial
@ @ @ 4.0 International License (CC BY-NC 4.0). To view a copy of the license, visit
BY NC

https://creativec org/lic /by-nc/4.0/

Annals of Clinical and Analytical Medicine

Original Research

The effect of oxygen concentration on arterial blood gas
values duringmaintenance of anesthesia in patients undergoing lower
extremity surgery (prospective, randomized, clinical study)

The effect of oxygen on blood gas values

Serpil Bayindir', Azize Bestas?

' Clinic of Anesthesiology and Reanimation, Elazig Fethi Sekin City Hospital, Elazig, Turkiye.
2 Department of Anesthesiology and Reanimation, Faculty of Medicine, Firat University, Elazig, Ttrkiye.

Abstract

Aim: Due to hypoventilation, an increase in pulmonary shunts, and a decrease in functional residual capacity during general anesthesia, a
higher concentration of O, (20.8%) than the atmospheric rate is required. In the intraoperative period, anesthesia maintenance can be achieved
by using different ratios of O,, dry air, and nitrogen protoxide (N,0). This proportional effect can be determined by blood gas parameters. This
study aimed to investigate the effect of intraoperative oxygen ratios on arterial blood gas values under general anesthesia in lower extremity
surgery.

Methods: Forty patients aged 20-65 years scheduled for ASA Il lower extremity surgery were randomly divided into two groups. Group 50
was maintained with 50% O, + 50% dry air, while Group 30 was maintained with 30% O, + 70% N,O and desflurane. Blood gas analysis was
performed 13 times at designated times. The amounts of antiemetic and analgesic consumed postoperatively were determined.

Results: In the intergroup comparison, PaO, was higher in Group 50 intraoperatively and in the first 6 hours postoperatively, whereas the
relatively higher SaO, continued until the 1st hour postoperatively (p<0.001). Group 50 PaCO, values were higher than Group 30 (p<0.05) at
the 1st hour of the operation. Intraoperative pH values were higher in Group 30 (p<0.001). No difference was detected in terms of bicarbonate,
base deficit, and PaCO,.

Conclusion: A comparison of 30% O, + 70% N,O with 50% O, + 50% air delivery for maintenance of anesthesia showed better arterial
oxygenation during the intraoperative period and the first six hours postoperatively. Postoperative pain intensity, incidence of nausea and
vomiting, and patient comfort were not significantly altered.
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Introduction

General anesthesia disrupts the physiological balance of the
respiratory system, causing alveolar collapse and ventilation/
perfusion (VA/Q) mismatch. Hypoventilation or apnea leads to a
decrease in arterial blood oxygen levels after induction. Under
general anesthesia, tidal volume (TV) functional residual capacity
(FRC) decreases, and airway resistance increases with loss of
muscle tone.' Therefore, it is necessary to administer oxygen (O,)
at values higher than the concentration found in atmospheric air
(20.8%) due to hypoventilation, increase in shunts, and decrease
in FRC during anesthesia.” Intraoperative inspired fraction of O,
(Fi0,) value affects atelectasis, the incidence of postoperative
nausea and vomiting, antimicrobial effect, proinflammatory
response, and cost.?

Preoxygenation is performed using 100% O, until the muscle
relaxant effect settles, and laryngoscopy is performed. With this
application, intrapulmonary O, reserve is increased, and time is
gained for desaturation and apnea in critical situations.*> Mixtures
of 50% O, and 50% air or 30% O, and 70% nitrogen protoxide (N,0)
are used for the maintenance of anesthesia.® The composition of
the inspired gas can change arterial oxygenation.” Preoxygenation
is performed using 100% O, until the muscle relaxant effect
settles, and laryngo copy is performed. With this application,
intrapulmonary O, reserve is increased, and time is gained for
desaturation and apnea in critical situations.*> Mixtures of 50%
0, and 50% air or 30% O, and 70% nitrogen protoxide (N,O) are
used for the maintenance of anesthesia® The composition of the
inspired gas can change arterial oxygenation.’

In our study, we aimed to investigate the effect of oxygen
concentration used in the maintenance of anesthesia on arterial
blood gas values in patients undergoing lower extremity surgery
under general anesthesia.

Materials and Methods

The study included 40 adult patients from the ASA I-Il. Only lower
extremity surgeries performed in the supine position were included
because the position may have significant pulmonary effects
and may alter oxygenation. Patient optimization was ensured by
preferring those who used tourniquets during surgery.

Patients were randomly divided into two groups by closed envelope
method: those who received 50% O, and 50% air (Group 50,
n=20) and those who received 30% O, and 70% N,O (Group 30,
n=20). Radial artery cannulation was performed for repeated
blood gas sampling and continuous blood pressure monitoring.
Electrocardiography (ECG), heart rate (HR), peripheral arterial
oxygen saturation (SpO,) by pulse oximetry, invasive arterial blood
pressures, inspired-expired anesthetic, and ETCO, concentrations
were continuously monitored. Intraoperative fluid management
was performed by monitoring hourly urine output and bleeding
amount. Fluid replacement was provided with 0.9% NaCl during
the operation. Preoxygenation was performed for 3 minutes using
100% O, with a face mask. Induction was achieved with 5-7 mg kg-1
sodium thiopental, 2 pg kg-1 fentanyl, and 0,1 mg kg-1 vecuronium.
Ventilation was maintained mechanically with desflurane at a
concentration of 5-6% with ETCO, between 30-40%. Analgesia
was maintained with repeated fentanyl and muscle relaxation
with vecuronium at 1/3 of the induction dose. Neuromuscular
blockade and depth of anesthesia were maintained by TOF and BIS
monitoring. Neuromuscular block antagonism was performed with
0.03 mg kg-1 neostigmine and 0.01 mg kg-1 atropine. Patients
with a modified Aldrete score and postanesthetic recovery score

(PADS) of 10 points were transferred. 1 g i.v. paracetamol and
0.5 mg kg-1 meperidine were used for postoperative analgesia;
ondansetron was used as antiemetic.

Blood gas samples were obtained before and after preoxygenation,
5 minutes after intubation, at one-hour intervals intraoperatively,
before and 5 minutes after extubation, and at 1, 6, 12, 24, 48, and
72 hours postoperatively. Systolic (SBP) and diastolic (DBP) mean
arterial blood pressures, SpO,, and HR were recorded at similar
intervals. All patients were evaluated for nausea and vomiting at 2,
4,6, 12, 24, 48 and 72 hours postoperatively. Visual Analog Scale
(VAS) value of 4 or higher received 50 mg tramadol.

Exclusion Criteria

Patients with chest deformity; patients with lung disease; patients
with neuromuscular disease, heart failure, and cardiac rhythm
problems; patients with abnormal serum electrolyte, hemoglobin,
and hematocrit; patients with malnutrition or body mass index over
35; those who underwent enema, those with nasogastric catheter
insertion, smokers and history of allergy were excluded.

Ethical Approval
This study was approved by the Ethics Committee of Firat
University (Date: 03.07.2008, Decision No: 07-10).

Statistical Analysis

The sample size suitable for the study was determined by taking
similar studies as examples and performing power analysis.
Statistical analysis of the obtained data was performed using
the SPSS (statistical package for social sciences for Windows
17.0) program. In addition to descriptive statistical evaluations
(mean, standard deviation), the Independent Samples-T Test was
used for intergroup comparisons of parameters showing normal
distribution for quantitative data, and the Whitney U test was
used for intergroup comparisons of parameters not showing
normal distribution and homogeneity. Paired Samples-T Test was
used for intra-group comparisons of parameters showing normal
distribution and homogeneity, and Wilcoxon Sign Test was used
for intra-group comparisons of parameters not showing normal
distribution and homogeneity. Results were evaluated at a 95%
confidence interval, and significance was evaluated at p<0.05 level.

Reporting Guidelines
The study was reported in accordance with STROBE guideline.

Results

Forty patients (Group 50 n=20, Group 30 n=20) were included in
the study. Two patients in Group 30 were excluded from the study
because of intraoperative blood transfusion. Demographic data,
duration of surgery and anesthesia, total analgesic dose, total
antiemetic dose, and ASA were similar in the groups (Table 1).

pH showed a decreasing trend after intubation, started to
increase after extubation, and approached the initial values before
preoxygenation at the 6th postoperative hour. In the intergroup
comparison, intraoperative pH in Group 50 was lower than those in
Group 30 (Figure 1).

The increase in PaCO, in the intraoperative period became more
pronounced in the awakening period, and this increase was
found to be highly significant (p<0.001) when compared with the
baseline values. In the intergroup comparison, it was observed
that the PaCO, of Group 50 at the 1st hour of the operation was
significantly (p<0.05) higher than Group 30.

Post-intubation (E5) PaO, was the highest of all periods in Group
50 (292.15 mmHg) and Group 30 (179.72 mmHg) (p<0.001). In the
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intergroup comparison, Group 50 was significantly higher than
Group 30 from post-intubation to postoperative 6th hour (Figure 2).

Sa0,, which was above 95% in all periods, approached the basal at
the 6th postoperative hour. In intergroup comparison, Sa0, at ES5,

Table 1. Distribution of demographic data, duration of surgery and
anesthesia, total analgesic dose, total antiemetic dose, and ASA risk
classification according to groups (Mean + SD)

Group 50 Group 30
(n=20) (n=18)
Age (years) 3795+ 13.173 36.55 + 13.655
Body weight (kg) 723 £9.2 75.1 + 12.087
Height (cm) 17055 +10.19 176 + 8.718
Gender (male/female) 11.9 12.6
ASA (1/11) 416 8.10

164.25 + 20.214 161.75 + 17.865
143 +20.092 13925+ 17.717

Duration of anesthesia (min)
Surgical time (min)
Total analgesic dose

Intraoperative (fentanyl, pg) 174 +19.243 183 +£20.124
Postoperative (tramadol, mg)  19.5 +24.468 17.5+ 18317
Total antiemetic dose
Postoperative 2+ 4104 15 + 3.663
(metoclopramide, mg)
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Figure 1. Changes in pH values of the groups according to the periods.
ECOS5: 5 minutes before extubation, ECS5: 5 minutes after extubation,
E5: 5 minutes after intubation, O1 and O2: 1st and 2nd hours of
operation, POO: Before preoxygenation, POS: After preoxygenation,
PO1, PO6, PO12, PO24, PO48, PO72: Postoperative hours 1, 6, 12,
24,48 and 72
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Figure 2. Variation of PaO, values of the groups according to
the periods. 5 minutes before extubation, ECS5: 5 minutes after
extubation, E5: 5 minutes after intubation, O1 and 02: 1st and
2nd hours of operation, POO: Before preoxygenation, POS: After
preoxygenation, PO1, PO6, PO12, PO24, PO48, PO72: Postoperative
hours 1, 6, 12, 24, 48 and 72

1st and 2nd hours after intubation in Group 50 were significantly
(p<0.001) higher than those in Group 30. A slight decrease in
HCO, was observed after intubation until the 1st postoperative
hour. In the postoperative period, it increased after the 6th hour
and reached the preoperative values. A significant decrease
was observed in base excess (BE) starting with endotracheal
intubation and continuing until the 1st postoperative hour, which
was significant compared to baseline values. It increased in the
postoperative period and approached the baseline after the 24th
hour.

Potassium increased significantly intraoperatively and until the
5th minute after extubation. There was no significant difference
between the groups in terms of changes in potassium, peak, and
plateau pressures.

Discussion

The effects of different O, concentrations used in maintenance
under general anesthesia on arterial blood gas values were
examined. We found that the changes in blood gas parameters
in the postoperative period continued until the 6th postoperative
hour.

Giving O, during general anesthesia causes denitrogenization
of FRC and increases intrapulmonary O, reserve. This increases
the safety margin in critical situations and provides time for
desaturation and apnea.>® Due to hypoventilation, increased
shunts, and decreased FRC, it is necessary to use higher O, ratios
than the concentration found in atmospheric air (20.8%) to ensure
adequate oxygenation during anesthesia and to reduce the number
of shunts.?

O, delivered in different fractions may cause clinical and
physiologic effects and, thus, blood gas changes. Intraoperative
high FiO, reduces atelectasis, increases the antimicrobial and
proinflammatory response of alveolar macrophages, decreases
the incidence of postoperative nausea and vomiting, accelerates
wound healing, and reduces postoperative infections, thereby
reducing costs.?

Changes in the concentration of H+ in the blood (pH) are caused
by CO, or HCO, changes. The acidity of body fluids can be
understood by looking at pH. Dias et al.’ performed blood gas
analysis using two different FiO, (G100: FiO, 100, G60: FiO, 60)
ratios in a study investigating the increase in intracranial pressure
in dogs. As the primary outcome, PaO, and SvO, were higher in
G100; pH, PaCO,, Sa0,, BE, and HCO, were similar in both groups.
Cummings et al.’® examined the effect of O, and air inhalation on
blood gas parameters in cataract surgery. While the pH of arterial
blood showed a statistically significant decrease in O, inhalation
patients, there was no difference in PaCO, between the two
groups. Similarly, in our study, pH was lower in the group with a
higher O, rate in the intraoperative period, while PaCO, was higher,
decreasing after extubation and reaching baseline values at the
6th hour. Clinically, no difference was observed in nausea-vomiting
score or analgesic consumption.

Fuji et al. investigated the effects of using O /N,O and O, / air on
the incidence of postoperative hypoxia in patients. PaO, was higher
in the group given O, /air, while PaCO, was similar. They concluded
that the use of N,O in maintenance may cause low-grade hypoxia
in the late postoperative period." Korkulu et al. investigated the
effects of different O, concentrations used on gas exchange in the
lung in patients. Patients in Group A were ventilated with air +
0.4 FiO,, those in Group N were ventilated with N,O + 0.4 FiO,,
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and patients in Group O were ventilated with 1.0 FiO,. Lung gas
changes were evaluated by looking at PaO, / FiO, and P(A-a) O,.
The highest PaO, /FiO, ratios were reached in Group A. In Group
0, it was found to be significantly higher than the baseline at 24
hours (p<0.05)."> Similarly, the O, ratio presented in our study,
Pa0,, was significantly higher in Group 50 compared to Group 30.
Pa0, reached baseline values at the 6th hour in both groups.

Anderson et al. investigated the hemodynamic effects of changes
in FiO, ratio in 30 ASA I-Il patients."* Hemodynamic responses were
recorded by noninvasive transthoracic bioimpedance monitoring.
After FiO, was increased from 0.21 to 1 during preoxygenation,
mean cardiac index, HR, and stroke volume decreased, and systemic
vascular resistance increased, but OAB did not change. In our study,
only at the 60th minute of recovery the mean pressure was found
to be significantly higher in Group 30. It decreased after induction
before laryngoscopy and increased again with hemodynamic
response to intubation. Similarly, HR increased with hemodynamic
response to endotracheal intubation but started to increase with
discontinuation of inhalation agents during the waking period.

It is known that N,O increases the incidence of postoperative
nausea and vomiting. The ENIGMA Il study reported that PONV
with the use of N,O was observed in procedures lasting longer
than 2 hours. This study showed that N,O was not associated with
increased mortality, cardiovascular complications, and surgical
infections.' Piper et al. investigated the incidence of PONV using
different FiO, rates.'> They reported that PONV was significantly
lower in Group A (80% O, - 20% air) and Group B (40% O, - N,0O)
compared with Group C (40% O, - 60% N,0) and that the use
of N,O increased the incidence of PONV. Similar results were
conducted by Mraovic et al. They investigated the dose relationship
of N,O with postoperative nausea-vomiting in gynecological
surgery (n=137), patients were randomly divided into three groups:
GO (30% 0,), G50 (50% N,0), G70 (70% N,0)."° It was determined
that the nausea-vomiting rates of the patients were similar at the
2nd postoperative hour, but at the 24th postoperative hour, it was
the highest in G70 and the lowest in GO. In our study, in contrast,
nausea and vomiting scores decreased over time in both groups,
and there was no statistical difference between the groups.

Aksakal et al. 40 patients were randomized to use low or high
pressure during laparoscopic cholecystectomy. Peak pressure
increased significantly with low and high pneumoperitoneum
pressure, while dynamic compliance decreased. Although CO,
insufflation caused a decrease in pneumoperitoneum pressure,
blood pH was found to be significant only at high pneumoperitoneum
pressure in both groups.'” The increase in peak and plateau levels
is due to an increase in peak inspiratory pressure as a result of
the diaphragm being pushed upward as a result of increased
intraabdominal pressure and decreased lung compliance. We
recorded peak and plateau pressure values at 15-minute intervals
in the intraoperative period. In our study, no difference was found
between the groups in terms of BE changes. BE values increased
with preoxygenation in both groups in the intraoperative period,
and intraoperative values after endotracheal intubation were
lower. HCO, increased after preoxygenation, and intraoperative
and postoperative up to the 6th hour after endotracheal intubation
were found to be lower than preintubation.

In our study, in the intraoperative period, higher Pa0, values were
obtained with 50% O, administration during the maintenance
period of anesthesia. With the termination of anesthesia, a rapid
decrease in PaO, values was observed, especially in patients
in group 50%. It was found that PaO, reached the preoperative

values at the 6th postoperative hour. Sa0, of patients in group
50 was found to be higher intraoperatively and in the first hour
postoperatively, and similar to PaO,, they approached the baseline
in the 6th hour postoperatively. In group 50, pH values were lower
only in the intraoperative period, and serum potassium levels
changed by pH. However, similar changes were found in HCO,, BE,
and PaCQ, in all periods of follow-up.

Limitations

Among the limitations of the study is that the results cannot be
generalized because it was conducted in a single center. Although
the sample size decreased after those who did not meet the
inclusion criteria were excluded from the study, it is qualified to
show the targeted result because a large number of variables were
studied together.

Conclusion

It was found that 50% O, + 50% air instead of 30% O, + 70%
N,O during anesthesia maintenance provided better arterial
oxygenation only in the intraoperative period and in the first six
hours postoperatively. Postoperative pain intensity, incidence of
nausea and vomiting, and patient comfort were not significantly
changed.
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Abbreviations

ASA: American society of anesthesiologists
BIS: Bispectral index

DBP: Diastolic blood pressure

ECG: Electrocardiography

FRC: Functional residual capacity

HR: Heart rate

PADS: Postanesthetic discharge scoring system
PONV: Postoperative nausea and vomiting
SBP: Systolic blood pressure

SD: Standard deviation

SPSS: Statistical package for the social sciences
TOF: Train-of-four

VAS: Visual analog scale
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