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Abstract

Purpose The oxygen reserve index (ORi™) is a parameter used for the noninvasive evaluation of arterial partial pressure
of oxygen (Pa0,), specifically in the 100-200 mmHg range. We aimed to report on the impact of indocyanine green (ICG)
on the ORi™,

Methods In this study, we retrospectively examined patients who underwent neurosurgery between April and July 2019
and assessed the impact of ICG on ORi™. We excluded patients who did not use ICG or who were not examined for ORi™.
The dose and timing of ICG administration were determined by a neurosurgeon. The changes in ORi™ were measured for
up to 30 min.

Results We analyzed ten patients and found that the ORi™ increased to 1.00 in all of them. The median time for ORi ™
to rise to 1.00 after ICG administration was 2 min (range 1-4). After rising to 1.00, ORi ™ decreased and took 27 min to
return to the pre-dose value.

Conclusion It is important to consider the initial rapid increase and subsequent slow decrease in ORi™ when using ICG

during surgery.
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Introduction

The oxygen reserve index (ORi™) is a measurement param-
eter that noninvasively evaluates the oxygenation state at a
continuous range of 100-200 mmHg arterial partial pressure
of oxygen (PaO,) [1].

Conventional percutaneous oxygen saturation (SpO,) can-
not be used to evaluate a state where the oxygen saturation
of hemoglobin is > 100%; a 100% SpO, value is shown when
PaO, exceeds approximately 100 mmHg. Consequently, the
ORi™ has been recently attracting attention as a manage-
ment parameter that avoids hypoxia and hyperoxia when
PaO, exceeds 200 mmHg, since it allows the evaluation of
oxygenation at 100-200 mmHg PaO,. It has been reported
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that the evaluation of the oxygenation reserve capacity at
the time of rapid introduction using ORi™ allows earlier
evaluation and correction of oxygenation deterioration than
the evaluation using SpO, [2].

Indocyanine green (ICG) is a widely used drug in liver
function evaluation. There has been a recent increase in the
number of reports on the effectiveness of using ICG dur-
ing surgery. In cerebrovascular surgery, it is used for angio-
graphic purposes. In addition, there has been an increase in
the applications of ICG, such as evaluation of postopera-
tive liver function during hepatectomy [3] and evaluation
of blood flow in grafts transplanted at surgery [4]. Infusion
of dyes such as ICG and indigo carmine has been known to
result in abnormal pulse oximeter SpO, values [5]. Isosu
et al. [6] reported that indigo carmine, which is used for
gynecological urinary tract evaluation, reduces ORi™. How-
ever, the impact of ICG on ORi™ has not been previously
reported.

Hence, we analyzed the ORi™ measured during surgery
of patients administered with ICG.
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Methods

This retrospective study was approved by the Higashihi-
roshima Medical Center Ethics Committee (2019-2021).
We enrolled patients who had undergone a scheduled
neurosurgery between April, when ORi™ measurements
began, and July 2019. Informed consent was obtained in
the form of an opt-out option advertised at the Higashi-
hiroshima Medical Center. We excluded patients who
did not provide consent, had undergone neurosurgery
without ORi™ measurement, or were not administered
ICG. Timing, dosage, and other vital data involving the
use of ICG were extracted from the ORSYS™ (Philips
Electronics Japan, Tokyo, Japan) automated anesthesia
records. Indication and time of ICG were determined by
a neurosurgeon, and ICG was administrated intravenously
via a peripheral venous catheter in the upper limb. The
survey items included age, sex, height, weight, surgi-
cal procedure, Radical-7® (Masimo Corp., Irvine, CA,
USA) ORi™, and Radical-7® SpO,. Radical-7® ver-
sion 1.5.8.41 was used and there was no version update
during the investigation period. The sensor used for
measuring ORi™ was an RD rainbow Lite SET™-1 Adt
(Masimo Corp., Irvine, CA, USA). We recorded ORi™
in all patients immediately before the administration of
ICG at 1-min intervals until a maximum of 30 min after
administration.

The changes in ORi™ were evaluated by comparing
the pre-administration value with the value at each time
point after administration. We performed between-group
comparisons using a paired ¢ test (two-sided) by spread-
sheet calculations (Microsoft Excel 2019, Microsoft
Corp., Redmond, WA, USA) with statistical significance
set at P <0.05.

Results

Among the 27 patients who underwent neurosurgery under
general anesthesia during the study period, ten were included
in the final analysis. Seventeen patients were excluded from
the study because they did not receive ICG during neurosur-
gery. Table 1 shows the patient background, surgical proce-
dure, and the dose of ICG in the enrolled patients. ICG was
administered for angiographic purposes after revasculari-
zation or after clipping. The ICG dose ranged from 2.5 to
12.5 mg and was administered at the discretion of the neu-
rosurgeon. Patient no. 8 underwent measurement for 26 min
after administration, while the remaining nine patients
underwent measurement for 30 min after administration.

General anesthesia was induced and maintained using
propofol, remifentanil, fentanyl, and rocuronium. After anes-
thesia induction, fresh gas flow was changed to 1 L/min of
oxygen and 2 L/min of air in all cases and maintained during
surgery. The respiratory minute volume was adjusted appro-
priately such that the end-tidal CO, partial pressure was not
less than 30 mmHg. Ventilation was volume-controlled with
a positive end-expiratory pressure of less than 5 mmHg. In
two patients, the respiratory minute volume was changed
within 30 min of ICG administration, but SpO, value did
not change near the respiratory minute volume change. No
significant changes were observed in the hemodynamic or
respiratory values after ICG administration. The ORi™
increased to 1.00 in all patients after ICG administration, at
a median time of 2 min (range 1-4 min), and then gradually
decreased in the subsequent 26 min; the post-administration
value was significantly higher than the pre-administration
value (Figs. 1 and 2).

Patient no. 10 presented a decrease in the SpO, to 97%
at 2 min after ICG administration. Patient no. 4 presented a

Table 1 Patient background, surgical procedure, and the dose of indocyanine green

Patient number  Age (years) Sex Height (cm) Weight (kg) Indocyanine Indocyanine Operation
green (mg)  green/weight (mg/
kg)
1 78 Female 150 53 7.5 0.14 Superficial temporal artery to
middle cerebral artery bypass
2 76 Female 150 58 10 0.17 Carotid endarterectomy
3 74 Female 150 60 7.5 0.13 Cerebral aneurysm clipping
4 70 Male 172 75 7.5 0.10 Cerebral aneurysm clipping
5 65 Male 167 80 7.5 0.09 Carotid endarterectomy
6 79 Female 155 62 7.5 0.12 Cerebral aneurysm clipping
7 67 Female 155 65 7.5 0.12 Microvascular decompression
8 49 Female 151 62 2.5 0.04 Brain tumor removal, meningioma
9 71 Female 151 51 7.5 0.15 Cerebral aneurysm clipping
10 55 Female 152 67 12.5 0.19 Cerebral aneurysm clipping
Average 68.4+9.8 1553+7.8  63.3+9.0 78+25 0.12+0.04
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decrease in the SpO, to 94% at 17 min after ICG administra-
tion; however, the SpO, of patient no. 4 increased to 99% at
16 min after ICG administration and was stabilized to 99%
after 18 min. Therefore, we assumed that these changes were
unrelated to ICG administration.

Discussion

In this study, we observed that the ORi™ rapidly increased
to 1.00 after ICG administration in all patients, including
patient no. 8 in whom the dose was the least of this study,
regardless of the dose, and then, gradually decreased. ICG
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is not chemically altered in the body and has a half-life of
3.4 min with its level exponentially decreasing for up to
15 min [7, 8]. The observed changes in the ORi™ were
consistent with the pharmacokinetics of ICG, indicating
that the ORi™ is strongly influenced by ICG. Studies have
shown that ORi™ estimates the oxygen saturation in venous
blood and that an increase in the ORi™ reflects the appar-
ent increase in the oxygen saturation in venous blood [9].
Furthermore, a study has reported that ICG administration
increases the apparent regional cerebral oxygen saturation
(rSO,) [10]. The rSO, reading is used for assessing cerebral
blood flow, and reflects both arterial and venous blood oxy-
gen saturation. In many cases, as in the current study, arterial
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blood oxygen saturation is close to 100%, with little room
to increase. Therefore, the increase in the ORi™ reading in
the current study reflected an apparent increase in the venous
blood oxygen saturation upon ICG administration.

Intravenous administration of ICG has been reported
to decrease the pulse oximeter values [11]. In contrast, we
observed only two cases with decreases in the SpO, value
after ICG administration. A typical pulse oximeter com-
pares the absorbance of red light (near 650 nm wavelength)
and infrared light (near 900 nm wavelength) [12]. ICG, like
deoxyhemoglobin, has a lower absorbance at 900 nm than
at 650 nm. Therefore, ICG administration is suggested to
increase deoxyhemoglobin, leading to a decrease in the
SpO, value. However, Radical-7® uses multi-wavelength
light sources to measure oxygen saturation; therefore, it
can detect the peak absorbance of ICG at wavelengths near
800 nm [13, 14]. Presumably, Radical-7® discerns ICG
through the absorbance ratio, and therefore, SpO, reduction
caused by ICG absorbance occurred less in this study.

ICG administration is accompanied by a simultaneously
increased oxygenation for ORi™ and an unchanged or
decreased oxygenation for SpO,. In our study, there were
no major changes in the respiratory settings and circula-
tory dynamics after ICG administration. Therefore, there
were probably no changes in arterial and venous blood oxy-
gen saturations indicating an effect of ICG. Considering
the undisclosed nature of the ORi™ algorithm details, it
is impossible to accurately determine the phenomenon that
occurs after ICG administration. However, when using Radi-
cal-7®, it is necessary to know that in indigo carmine, which
has an absorbance peak below red light in Radical-7®, there
is a decrease in both SpO, and ORi™; however, Radical-7®
causes opposite changes in SpO, and ORi™ ofICG.

This study was limited to recordings obtained at 1-min
intervals. The peak time of ORi ™ in this study ranged from
1 to 4 min and the wide interval between the recordings
presumably caused this wide error. Furthermore, the infu-
sion rate of ICG and the monitoring site for ORi ™ were
unknown. Although, ICG was infused using a single shot
manner and ORi™ was equipped at any finger of a hand,
these factors may have contributed to small errors in the
peak time of ORi ™.

In conclusion, we found a rapid increase in the ORi™
approximately 2 min after ICG administration, followed by
a gradual decrease. It took 27 min for the values to return to
the pre-administration values. Contrastingly, the SpO, was
almost unchanged or slightly decreased. When using Radi-
cal-7® as an index of arterial blood oxygenation, it should
be noted that ICG administration causes opposite changes
in the ORi™ and SpO,.
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