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The role of regional cerebral oxygen saturation on adjustment of fraction
of inspired oxygen during coronary artery bypass graft surgery

Koroner arter baypas greft cerrahisi sirasinda inspire edilen oksijen fraksiyonunun
ayarlanmasinda rejyonel serebral oksijen satdrasyonunun rolt
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Murat Okten,? Hasan Karabulut,2 Cem Alhan?

Department of Anesthesiology and Reanimation, Acibadem University, istanbul, Turkey;
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Background: The aim of the study is to detect the regional cerebral
oxygen saturation by the help of near infrared spectroscopy
(NIRS) monitorization and to diagnose the hypoxemic or
hyperoxemic episodes for the assessment of the effects of
hypoxia episodes on cerebral perfusion during cardiopulmonary
bypass (CPB) as early as possible.

Methods: The study had been performed in Acibadem Kadikoy
Hospital during February 2011 and June 2011. Seventy patients
who were admitted with coronary heart disease (CHD) and
scheduled for coronary artery bypass graft (CABG) surgery were
included in the study. The patients were divided into two equal
groups. Thirty five percent of the 35 patients (n=12) were female
in group 1, 50% of 50 patients (n=18) were female in group 2. The
mean age was 60+10 years and 57«11 years in group 1 and group
2, respectively. Group 1 consisted of 35 patients with adjusted
inspired oxygen fraction (FiO) at 0.35-0.45 during CABG.
Group 2 consisted of 35 patients with adjusted FiO» at 0.40-
0.50 during surgery. In addition to the standard monitorization,
cerebral cortical oxygen saturation of all patients was monitored
by NIRS. The measurements were done five times during the
course of CABG.

Results: In group 1, hypoxia was detected in five patients
(14%) in at least one of the five measurement periods. In these
patients, FiO> value increased accompanied by increased ScO,.
In group 2, hyperoxemia was observed in at least one of the
measurement periods in 15 (42.8%) patients. Hypoxia was not
observed in any of the patients in group 2.

Conclusion: It is possible to detect hypoxic periods and to adjust
FiO; accordingly by means of noninvasive cerebral cortical
oxygen saturation measurement in nonpulsatile flow of CPB.

Key words: Cardiopulmonary bypass; cerebral oxygen saturation;
cerebral oxymeter; inspired oxygen saturation.

Amag¢: Bu calismada yakin kizilotesi spektroskopi (NIRS)
monitorizasyonu ile rejyonel serebral oksijen satlirasyonunun
saptanmasi ve kardiyopulmoner baypas (KPB) sirasinda hipoksi
epizotlarinin serebral perfuzyon uizerindeki etkilerinin degerlen-
dirilebilmesi i¢in miimkiin oldugunca en kisa stirede hipoksemik
veya hiperoksemik epizotlarin tespit edilmesi amaglanmistir.

Calisma plani: Bu calisma Subat 2011 ve Haziran 2011
tarihleri arasinda Acibadem Kadikoy Hastanesi'nde yuru-
tuldu. Calismaya koroner kalp hastaligi (KKH) nedeniyle
basvuran ve koroner arter baypas greft (KABG) cerrahisi
yapilmasi planlanan 70 hasta dahil edildi. Hastalar iki egit
gruba ayrildi. Grup 1’deki 35 hastanin %35’ (n=12) ve grup
2’deki 50 hastanin %50’si (n=18) kadindi. Hastalarin orta-
lama yag1 grup 1’de 60+10 yil, grup 2’de ise 57«11 yil idi.
Grup 1’de KABG cerrahisi sirasinda inspire edilen oksijen
fraksiyon (FiO2) degeri 0.35-0.45°e¢ ayarlanmisg 35 hasta
vardi. Grup 2’de ise, cerrahi sirasinda FiO; degeri 0.40-
0.50’ye ayarlanmis 35 hasta bulunuyordu. Standart monitori-
zasyonun yani sira, tim hastalarin serebral kortikal oksijen
satiirasyonu NIRS ile izlendi. Ol¢imler, KABG cerrahisi
sirasinda bes kere tekrarlandi.

Bulgular: Grup 1’de beg 0lcim suresinden en az birinde besg
hastada (%14) hipoksi saptandi. Bu hastalarda FiO, degeri
yukselen ScO2’ye eslik ederek yukselmisti. Grup 2°de, bes
olcuim suresinden en az birinde on bes hastada (%42.8) hipe-
roksemi saptandi. Grup 2’deki hastalarin hi¢birinde hipoksi
goriilmedi.

Sonug: Pulsatil olmayan KPB akiginda noninvaziv serebral
kortikal oksijen satuirasyonu ol¢imi ile hipoksik epizotlar1 sap-
tamak ve buna gore FiO; degerini ayarlamak mumkiindir.
Anahtar sozciikler: Kardiyopulmoner baypas; serebral oksijen satliras-
yonu; serebral oksimetre; inspire edilen oksijen satiirasyonu.
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The majority of cardiac operations are still performed
under cardiopulmonary bypass (CPB), and patients
undergoing cardiac surgery with CPB are often thought
to have tissue hypoxia. Therefore, it is usually assumed
that a supranormal partial arterial oxygen tension
(Pa0y) will improve oxygen delivery to peripheral
tissues. With regard to these safety measures, very high
values of PaO; are frequently observed during CPB.
However, these can be detrimental. Animal studies have
shown that oxygen reduces the heart rate and cardiac
output and increases systemic vascular resistance,!'?
and this has been confirmed in patients with congestive
heart failure in whom the effect is more pronounced.
B1 The adverse influences of hyperoxemia (PaO; >180
mmHg) on red blood cells and tissue oxygenation during
CPB along with subsequent perioperative complications
and morbidity have been reported.*¢ Although CPB
has been used for more than half a century, there is
still no consensus regarding the ideal levels of fraction
of inspired oxygen (FiO2) and PaO,. There seems to
be a wide range of practice in relation to the optimum
oxygen settings during CPB, and the perfusionist
usually adjusts the oxygen by trial and error. The most
frequently recommended FiO» at the initiation of CPB
is 0.80, with this being decreased to 0.70-0.60 during
hypothermia.”” However, with such an application,
hyperoxemia is almost inevitable.®

In order to avoid hyperoxemia and keep the partial
oxygen level (pO2) <180 mmHg, the FiO, should be
lowered accordingly; however, some patients may then
run the risk of hypoxia (pO2 <80 mmHg). Thus, it is
necessary to keep in mind the risk of hypoxia and
take the necessary precautions to diagnose it when
adjusting the FiO,.”! In addition, preventing hyperoxia
from occurring during coronary artery bypass grafting
(CABGQG) is also crucial. If the perfusion during CABG
is nonpulsatile, the efficacy of the pulse oximeter
when attempting to diagnose hypoxia is reduced.
However, near infrared spectroscopy (NIRS), which
is unaffected by the nonpulsatile flow, provides useful
knowledge about ischemic changes in the brain tissue
by measuring regional cerebral oxygen saturation.

Hypoxemic attacks can occur during CABG while
trying to refrain from hyperoxemia. In order to assess
the effects of hypoxia episodes on cerebral perfusion
during CPB as early as possible and make the necessary
adjustments to the FiO; in time, we aimed to detect the
regional cerebral oxygen saturation with the help of
NIRS monitorization and diagnose the hypoxemic or
hyperoxemic episodes. Our goal was to keep the FiO;
at the lowest safe level by this noninvasive method of
monitorization.

PATIENTS AND METHODS

After approval of the ethics committee of our hospital,
the study was started. Seventy patients who were
scheduled for CABG surgery alone were included in
the study after obtaining their informed consent. The
patients were then divided into two groups.

Group 1 consisted of 35 patients whose FiO» would
be 0.35 in the normothermic and hypothermic periods
of CABG and 0.45 at the beginning of rewarming.
Group 2 was composed of 35 patients whose FiO2 would
be 0.40 in the normothermic and hypothermic periods
of CABG and 0.50 at the beginning of rewarming
(Table 1). In addition to the standard monitorization,
cerebral cortical oxygen saturation (ScOz) of all
the patients was monitored by NIRS through the
INVOS Model 5100 C cerebral/somantic oximeter
(Somanetics Corporation, Troy, Michigan, USA), and
five measurements were taken with this device during
CABG. The first was obtained before the induction of
anesthesia (Tj=basal), the second at the fifth minute of
CPB (T»), the third at 15 minutes after cross-clamping
(T3), the fourth after the cross-clamp had been removed
(T4), and the fifth just before the end of extracorporeal
circulation (Ts).

A decrease in the ScO2 values of more than 20%
from the basal value was accepted as significant.
When there was a decrease of more than 20% from
the basal value, an arterial blood gas analysis was done
in addition to the what was planned in the five time
periods, and the pO; levels were kept above 90 mmHg.
Furthermore, when the ScO; levels decreased by more
than 20% from the baseline and the pO2 levels were
>90 mmHg, the pump blood flow and mean arterial
pressure (MAP) were increased successively. Despite
all these maneuvers, if there was no improvement in the
ScO3 levels and the hematocrit was <20%, red blood cell
transfusion were planned for the patients.

The INVOS monitor has a probe with two
photodetectors and a light source which are placed on
the right and left frontal hemispheres on the forehead.
The photodetector closest to the light source absorbs
the superficial rays (from skin, bone, and fat tissue),
whereas the other photodetector absorbs the rays from
the deep tissues of the brain. Oxymetric studies are
based principally on the Beer-Lambert Law which states
the following.

A= -log(I1/Ip)=01.C.L

A=attenuation; Ij= detected light intensity; Ip= incident light
intensity; o= specific extinction coefficient (UM'.cm™); C=
the molar concentration C of absorbing species in the material;
L= distance light enters and leaves solution (cm).
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In addition, the modified Beer-Lambert Law is
used during the measurement of ScOp, in which
the oxygen saturation values of the right and left
hemispheres are stated as a percentage (%). When
evaluated as biological spectroscopy, the INVOS
oximeter emits a light that contains a light emitting
diode (LED) at a wavelength of 660-940 nm. A
light at this wavelength is absorbed strongly by
oxyhemoglobin and deoxyhemoglobin and very weakly
by water, bone, fat, and skin tissue. Therefore, this
feature of the infrared light provides some beneficial
knowledge. For instance, the differentiation between
oxyhemoglobin and deoxyhemoglobin is made by a
specific extinction coefficient value (UM™'.cm™) which
shows the absorption degree of masses that absorb
light at a certain wavelength. The absorption degree of
the oxyhemoglobin molecule of a light at a wavelength
of 680 nm is 0.4 uM'.cm’!, whereas the absorption
degree of deoxyhemoglobin is 2.4 OuM'.cm™. This
difference provides the distinction.

Anesthesia and operative technique

The night prior to the operation, all patients received
alprazolam 0.5 mg by mouth (PO), and midazolam
125 pg/kg intramuscular (im) was given 30 minutes
before the operation. A 16-gauge (G) intravenous (i.v.)
cannula was inserted into all patients in the operating
room, and induction of anesthesia was performed using
midazolam 50 pg/kg, pancronium 0.15 mg/kg, and
fentanyl 25 to 35 pg/kg. After endotracheal intubation,
50% oxygen (O2), 50% nitrous oxide (N20), and 3-4%
desflurane were used for all hemodynamically stable
patients, but the desflurane and N>O were discontinued
at times of hemodynamic instability. Anesthesia
was maintained and muscle relaxation was achieved
through the use of midazolam and vecuronium, both
80 pg/kg/hr. Furosemide 0.5 mg/kg was also routinely
administered. A Dideco Compactflo Evo microporous,
hollow-fiber membrane oxygenator (Sorin Group Italia

Table 1. Demographic data

S.r.l.-Cardipulmonary Business Unit, Mirandola, Italy)
was used for extracorporeal circulation. The priming
solution for CPB included 900 ml Ringer’s lactate
solution, 150 ml 20% mannitol, and 60 ml sodium
bicarbonate (8.4%).

During CPB, the MAP and pump flow were kept
between 50-70 mmHg, and 2.2-2.5 L/m?, respectively.
Sweep gas flow was kept at 1.5 L-min'.m?, and
blood gas analyses were carried out with an ABL 700
analyzer (Radiometer Medical, Brgnshgj, Denmark).
Tissue perfusion adequacy was monitored via veno-
arterial carbon dioxide partial pressure difference
(Py-a COy), lactate level, urine output, and base deficit.
Moderate hypothermia (32 °C) was used during CPB.
Myocardial viability was preserved with antegrade
cold hyperkalemic crystalloid cardioplegia (Plegisol®,
Abbott Laboratories, Abbott Park, Illinois, USA). After
the termination of CPB, the midazolam and vecuronium
doses were decreased to 50 pg/kg/hr and then were
discontinued at skin closure.

The results were analyzed via a chi-square test
(or Fisher’s exact test where applicable), and the
independent samples t-test. Statistical analysis was
performed using the Statistical Package for the Social
Sciences (SPSS Inc., Chicago, Illinois, USA) version 10
software program. Values of p<0.05 were considered to
be statistically significant, and all data was presented as
mean + standard deviation.

RESULTS

In group 1, hypoxia (pO2 <80 mmHg) was detected
in five patients (14%) in at least one of the five
measurement periods. In 12 patients (34%), the ScO2
levels decreased by more than 20%. In five of these
patients, the FiO, levels were higher. By making an
adjustment to account for these higher levels, the
decrease in the ScO2 was calculated as being lower
than 20%. In group 1, hyperoxemia (pOz >180 mmHg)

Group 1 (F;O2: 0.35-0.45)

Group 2 (FiO2: 0.40-0.50)

(n=35) (n=35)
n % Mean+SD n % Mean+SD P

Age (years) 60£10 57«11 NS
Gender

Female 12 35 18 50 NS

Male 23 17
Cardiopulmonary bypass

time (minutes) 66+22 62+23 NS
Cross-clamp time (minutes) 43+20 4018 NS

FiO2: Fraction of inspired oxygen; SD: Standard deviation; NS: Not significant.
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Table 2. The values of cerebral cortical oxygen saturation

Group 1 Group 2 Group 1 Group 2 Group 1 Group 2
RScO RScO p LScO, LScO, p Hct 4Hct p
(%) (%) (%) (%) (%) (%)

T 64+9 60+10 NS 65+9 62+10 NS 39+6 39+6 NS
T2 56+8 55+9 NS 568 54+12 NS 27+6 27+6 NS
T3 53+7 54+8 NS 55+8 54+9 NS 27+6 27+6 NS
Ty 53+8 53+9 NS 5449 55+8 NS 277 28+6 NS
Ts 54+8 54+8 NS 569 569 NS 28+6 28+6 NS

RSc: Right cerebral oxygen saturation; Hct: Hematocrit; NS: Not significant.

was observed in eight patients (22.8%) in at least one
of the five measurement periods; however, in group 2,
it was observed in at least one of the measurement
periods in 15 patients (42.8%). In eight of these
(22.8%), the decrease in the ScO2 was greater than
20%. Two of these eight patients, whose pO> levels
were between 87-90 mmHg, had increased FiO2 values
and in one of these patients, the ScO> levels were also
higher (Table 2). The change in partial pressure of O3
and COz3 in relation to the five time periods is seen in
Table 3. Hypoxia (pO2 <80 mmHg) was not observed
in any of the patients in group 2. The hemodynamic
parameters are given in Table 4.

DISCUSSION

Peripheral tissue perfusion deteriorates and is reduced
during hypothermic CPB because of both a continuous
flow pattern and a reduced flow.® Under such
circumstances, it may be tempting to assume that a
higher PaO, level would provide improved oxygen
delivery to the peripheral tissue and an increased
margin of safety. In fact, hyperoxemia increases
global oxygen delivery and oxygen saturation in mixed
venous blood during CPB.P! However, this increase
is not associated with improved tissue perfusion or
clinical outcome.” In their in vivo study, Parolari et
al.'” showed that oxygen extraction occurs at a rate

of 19% during hypothermia, and this increases to
27% during rewarming, reflecting a three- to four-fold
safety margin. Therefore, oxygen extraction ratios were
not affected by FiO3 levels.”

Indeed, hyperoxemia is associated with many side
effects. An excess level of PaO; has been implicated
in the deterioration of capillary flow, decreased
cardiac index, increased systemic vascular resistance
and hemolysis.[">" Moreover, in several investigations
in which tissue oxygenation was studied, decreased
oxygenation, sometimes even to hypoxic levels,
together with signs of maldistribution of capillary
flow were found as a response to hyperoxemia.>!!:3!
Another deleterious effect of hyperoxemia was
reported by Pizov et al.™! in which they determined
there was a larger increase of proinflammatory
cytokines in patients treated with 100% oxygen
compared with the 50% oxygen group. A delayed
recovery in patients treated with 100% oxygen was
reported in our study. The use of a high FiO; in the
perioperative period of general surgical procedures
was reported to be associated with increased surgical
site infection.!'¥

On the other hand, we have known for years that
on reperfusion, oxygen is detrimental, yet we still
have PaO; rates of up to 300 or 375 mmHg when

Table 3. The change in partial pressure of O2 and CO: in relation to the five time periods

Periods Group 1 Group 2 P Group 1 Group 2 )4
(FiO2: 0.35-0.45) (FiO2: 0.40-0.50) (FiO2: 0.35-0.45) (FiO2: 0.40-0.50)
(n=35) (n=35) (n=35) (n=35)

pO2 pO2 NS pCO> pCO2 NS
T 194448 184+41 NS 39+4 37+4 0.02
T> 158+54 177+49 NS 37+3 36+3 NS
T3 163+51 183+43 NS 3743 36+3 NS
Ty 160£52 184+43 0.03 36+4 35+4 NS
Ts 160+54 184+43 NS 36+5 35+4 NS

NS: Not significant.
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Table 4 . The hemodynamic parameters

Group 1 Group 2 Group 1 Group 2 Group 1 Group 2
MAP MAP p Lactate Lactate p CI CI )4

(mmHg) (mmHg) (mmol/l) (mmol/I) (L/dk/m?) (L/dk/m?)
T 78+14 75+11 NS 0.9+0.3 0.9+0.3 NS - -
T> 65+17 71£13 NS 1+0.4 1.1+0.4 NS 2.5+0.2 2.3+0.2 0.001
T3 6617 68+19 NS 1+0.4 1.1+0.4 NS 2.4+0.3 2.2+0.2 0.034
Ty 51x12 59+15 0.015 1.2+0,5 1.2+0.4 NS 2.3+0.3 2.3+0.2 NS
Ts 53+12 55415 NS 1.3+£0,6 1.3+0.6 NS 2.3+0.3 2.4+0.3 NS

MAP: Mean arterial pressure; CI: Confidence interval; NS: Not significant.

the cross-clamp is removed. Thnken et al.'>! showed
that hyperoxemic CPB during cardiac operations
in adults results in oxidative myocardial damage
related to oxygen-derived free radicals and N2O.
In their prospective randomized double-blind study,
hyperoxemic bypass resulted in higher levels of
polymorphonuclear leukocyte elastase, creatine kinase,
lactic dehydrogenase, antioxidants, malondialdehyde,
and nitrate in coronary sinus blood. In addition, a
reduction in lung vital capacity and forced expiratory
volume in one second (FEV;) compared with
normoxemic management was noted. The clinical
reflections of these findings were a 57% longer
duration of ventilator support and an extra day spent
in the hospital.™! In recent years, more data has been
accumulated regarding the cardioprotective effect of
lowering oxygen tension after aortic declamping on
CPB‘[I(),17]

Hyperoxemia and hypoxia during CPB should be
avoided because of the many disadvantages. During
the rewarming period of CPB, the oxygen demand
increases. Therefore, according to a study by Toraman
et al.,” it is necessary to work with higher FiO, values
(PaO7 >80 mmHg) during hypothermia. If these higher
values remain constant during CPB, it is inevitable that
hyperoxia during hypothermia will occur. However,
if the hypothermia period is used as a guide for FiO;
adjustment, then hypoxia during rewarming will take
place. Hence, it is inappropriate to work with a constant
FiO; value during CPB. The evidence from the study
by Toramal et al.”! indicates that if FiOy ratios are
kept between 35-45%, the risk of hypoxia during
rewarming and hyperoxemia during hypothermia are
reduced. However, it is rare to observe hypoxemia with
an FiO2 level of 0.35, and levels of 0.40 are normally
used in order to minimize the possibility of having
inadequate levels of oxygen in the blood. Nevertheless,
hyperoxemia occurred in 43% of the patients of the
study by Toramal et al. This leads to the conclusion
that increasing FiO2 levels does not solve this problem
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during hypothermia and that it would be safer to keep
them at 0.35 instead of 0.40.

In order to diagnose and treat the hypoxic periods
in timely manner, close monitorization is mandatory.
For example, connecting the devices to the arterial
part of the CPB so that blood gas analysis can be done
online is beneficial, but the cost of this monitorization
limits its widespread use. The use of high FiOy values
has become widespread for safety reasons. In our study,
measurement of the ScO» levels was used as a tool to
diagnose systemic tissue hypoxia and as an alternative
method to online blood gas analysis or use a pulse
oximeter. When the ScO; levels in our study were
measured during CPB, hypoxia was detected in five of
the patients in group 1 (14%), and they were treated by
increasing the FiO2 level by 10%. In 80% of the patients
in this group, no hyperoxemia period was detected,
and the detected hypoxemic periods were treated. In
group 2, there were hyperoxemia attacks during CPB in
43% of the patients.

We believe that measuring the levels of ScOz in
the nonpulsatile flow of CPB can be an effective
noninvasive method of monitorization. If this occurs,
it would allow for hypoxic periods to be detected and
treated appropriately and on time. Additionally, our data
revealed that the use of lower FiO, values leads to less
hyperoxemia during CPB.
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