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 Background: Laparoscopic surgery has several benefits, but it requires prolonged carbon dioxide (CO2) insufflation. Several 
factors affect the accuracy of continuous and noninvasive hemoglobin (SpHb) monitoring, but the effects of 
CO2 insufflation are undetermined. This study investigated the effect of CO2 insufflation on SpHb monitoring 
in laparoscopic surgery.

 Material/Methods: Twenty patients undergoing laparoscopic gastrectomy were enrolled. Anesthesia was maintained using sevoflu-
rane and remifentanil within an end-tidal CO2 of 30-45 mmHg. The CO2 insufflation was maintained at 12 mmHg 
using CO2. SpHb was monitored with a Radical-7 Pulse CO-Oximeter, and laboratory hemoglobin (tHb) was an-
alyzed using a satellite blood analyzer.

 Results: Forty paired measurements were analyzed. The mean perfusion index, SpHb, and tHb were 3.10±1.77%, 
10.92±1.48 g/dL, and 11.51±0.88 g/dL, respectively. SpHb underestimated tHb with a bias (precision) of -0.59 
(1.28 g/dL), and the 95% limit of agreement was wide (-3.11 to 1.92 g/dL). SpHb was moderately correlated 
with tHb (r=0.50, 95% CI: 0.23 to 0.70). The concordance rate was 67%. DSpHb was not correlated with DtHb 
(r=0.29, 95% CI: -0.18 to -0.65). A similar bias, wider limits of agreement, a higher |SpHb-tHb|, but more signif-
icant correlation between SpHb and tHb were observed for the “PaCO2 <40 mmHg” range compared with the 
“40 mmHg £PaCO2” range.

 Conclusions: SpHb may have an acceptable accuracy but has a weak trending ability in the presence of CO2 insufflation, and 
it can be affected by PaCO2. Further research on the effects of CO2 insufflation on SpHb is needed.
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Background

Minimally invasive surgeries, such as laparoscopic and robot-
ic surgeries, have become increasingly common due to their 
advantages, including less intraoperative bleeding, faster re-
covery, shorter hospitalization, and improved quality of life 
compared to open surgery [1]. However, it requires prolonged 
carbon dioxide (CO2) insufflation, which causes physiologic 
changes related to hypercarbia and respiratory acidosis [2].

Continuous and noninvasive hemoglobin (SpHb) monitoring 
using a Radical-7 Pulse CO-Oximeter displays the blood he-
moglobin (Hb) concentrations on a monitor using a spectro-
photometric Hb sensor. SpHb monitoring is based on the mea-
surement of the differential optical density of light at multiple 
wavelengths that pass through the tissue. SpHb allows clini-
cians to rapidly detect occult bleeding and effectively perform 
transfusion without blood loss due to repeated blood draws [3]. 
Its usefulness perioperatively [3] and in traumatized patients 
with low Hb levels has been documented [4]. A meta-analysis 
reported an acceptable accuracy of SpHb based on 28 stud-
ies conducted only in the operating room [5]; subgroup anal-
ysis was performed for age, continent, method (venous or ar-
terial), funding, and measurements (single or multiple), but no 
subgroup was based on CO2 insufflation.

In a previous study, the altered arterial CO2 pressure (PaCO2) 
levels reduced the agreement between arterial oxygen satura-
tion measured by pulse oximetry and arterial oxygen pressure 
(PaO2) as calculated from arterial blood gas co-oximetry [6]. 
Moreover, increased end-tidal CO2 tension (EtCO2) enhances 
regional cerebral oxygen saturation in obese patients during 
laparoscopic surgery [7]. Although there have been no exper-
imental studies regarding the effect of PaCO2 on oximetry, an 
increased carbaminohemoglobin level and changes in red blood 
cell morphology was proposed as a mechanism [6].

SpHb is affected by several factors, such as laboratory hemoglo-
bin concentration (tHb), perfusion index (PI), hemodilution dur-
ing fluid loading, dark skin, and indigo carmine [8-12]; however, 
it has not yet been determined whether the elevated PaCO2 in 
the presence of CO2 insufflation affects the agreement between 
SpHb and invasive tHb. Therefore, this observational pilot study 
aimed to investigate the accuracy of SpHb in the presence of 
CO2 insufflation in patients undergoing laparoscopic surgery.

Material and Methods

Patient Recruitment

This prospective observational pilot study involved patients 
undergoing laparoscopic gastrectomy between November 

2017 and December 2017 at Ajou Hospital, Suwon, Republic of 
Korea. The study protocol was approved by the Ajou University 
Hospital Institutional Review Board (IRB number: AJIRB-MED-
OBS-17-216) and registered with ClinicalTrials.gov (identified: 
NCT 03957460). Written informed consent was obtained from 
all the participating patients. A total of 31 patients aged 19-85 
years who underwent elective laparoscopic gastrectomy under 
general anesthesia were enrolled. The exclusion criteria were 
the presence of psychiatric problems, cardiorespiratory dys-
function, renal failure, chronic use of opioids, hyperbilirubine-
mia, anemia, hemoglobinopathy, infection, peripheral neurop-
athy, or possible intraoperative conversion to open surgery.

Anesthesia

On arrival in the operating room, standard monitoring includ-
ing pulse oximetry, electrocardiography, bispectral index, and 
noninvasive blood pressure measurements were performed. 
General anesthesia was induced with intravenous propofol (2.0 
mg/kg) and remifentanil (3.0-4.0 ng/mL as target concentra-
tions) using target-controlled infusion. Rocuronium bromide (1 
mg/kg) was used to facilitate orotracheal intubation. A 20-G 
radial arterial catheter was inserted for continuous monitor-
ing of hemodynamics and blood sampling. Mechanical venti-
lation was used to maintain EtCO2 between 30 and 45 mmHg 
with 50% inspired oxygen with air. Anesthesia was main-
tained with continuous infusion of remifentanil (0-5.0 ng/mL) 
and sevoflurane at 2 vol% to achieve a bispectral index val-
ue of 40-60 and a mean arterial pressure (MAP) within 20% 
of the baseline. Rocuronium (0.2-0.4 mg/kg/h) was also con-
tinuously infused. Lactate Ringer’s solution with 6% hydroxy-
ethyl starch solution (Volulyte, Fresenius Kabi, Bad Homberg, 
Germany) was infused at a constant rate of 6 mL/kg/h. In the 
case of MAP of <60 mmHg, an intravenous bolus of ephedrine 
(4 mg) was administered. At the end of the surgery, the neu-
romuscular block was reversed using sugammadex (2 mg/kg), 
and tracheal extubation was performed.

All procedures were performed by 3 skilled surgeons using the 
same method. The reverse Trendelenburg positioning was per-
formed at 30° until the removal of endoscopy. The abdomi-
nal insufflation was formed using CO2, and the abdominal gas 
pressure was set at 12 mmHg in all patients.

SpHb	and	tHb	Measurements

Before the induction of anesthesia, an adult disposable spec-
trophotometric Hb sensor (Rainbow R1 25, Rev E; Masimo, 
Irvine, CA, USA) was applied to the fourth finger of the patient 
and was covered with an impermeable black shield to prevent 
optical interference (by N.Y.K). SpHb levels were continuously 
monitored using a Radical-7 Pulse CO-Oximeter (software ver-
sion 1451; Masimo Corporation, Irvine, CA, USA).
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For tHb, the blood sample was taken from the arterial cathe-
ter, and then sample was analyzed immediately after collection 
with an operation room satellite blood analyzer (Stat Profile 
pHOx Ultra; Nova Biomedical, Waltham, MA, USA). Blood sam-
pling were performed at 2 time points: 60 min after the CO2 
insufflation and 10 min before the end of surgery (by H.Y.K. 
and N.Y.K.). Simultaneously, SpHb values were recorded with-
in 10 s after blood sampling. In vivo adjustment (calibration) 
was not performed.

The blood gas was calculated for pH, PaCO2, PaO2, tHb, and bi-
carbonate. Data on the monitor including EtCO2 and hemody-
namics (heart rate and MAP) also were recorded simultaneously 
with the SpHb recording. PI, a measure of peripheral circula-
tion calculated by the Pulse CO-Oximeter, was also recorded 
at the time of the blood draw. All PI values <1.0 were included.

Statistical Analysis

The values are reported as mean±standard deviation (SD), 
median (interquartile range), or number (%). The normality of 
the distribution was assessed using the Shapiro-Wilk test. All 
paired data (SpHb-tHb) and changes in SpHb (DSpHb) and tHb 
(DtHb) between the 2 consecutive measurements were ana-
lyzed. The statistical analyses were performed using SPSS for 
Windows (version 25.0; IBM Corp., Armonk, NY, USA) and SAS 
(version 9.4; SAS Inc., Cary, NC, USA).

The Bland-Altman analysis accounting for repeated measure-
ments from the same subject was used to evaluate the agree-
ment and precision between the SpHb and tHb. The bias was 
derived as SpHb-tHb. The precision was defined as 1 SD of 
the bias. The 95% limit of agreement (LOA) was calculated as 
the interval defined by the bias±1.96 SD.

Error grid analysis was used to graphically demonstrate the 
clinical implications of the differences between SpHb and tHb 
using an Hb cutoff of 9 g/dL [13]. The value of ±10% was cho-
sen because this deviation represents 1 g/dL Hb at the upper 
range of transfusion consideration (10 g/dL). The error grid 
had 3 zones based on the difference between SpHb and tHb 
(Zones A, B, and C). Zone A had 3 sections according to the Hb 
value: an isthmus section representing a 10% error for Hb val-
ues between 6 g/dL and 10 g/dL, where a transfusion decision 
may occur, the lowermost section of <6 g/dL where a trans-
fusion will likely occur, and the uppermost section of >10 g/
dL where a transfusion is unlikely. Zone B reflects a potential 
therapeutic error that is not as significant as that of zone C. 
Zone C represents the potential for a major therapeutic error 
in the administration of blood. In this analysis, the coefficients 
of determination (r values) were also calculated.

A 4-quadrant plot was used to demonstrate the trending ability 
over time with differences in DSpHb and DtHb [14]. A central 
exclusion zone of 1 g/dL, approximately 10% of the measured 
data, was applied to prevent larger random errors. The concor-
dance rate was defined as the percentage of the data points 
that fell into the quadrants agreement (upper right and low-
er left), indicating agreement in the direction of change. This 
was considered a reliable trending ability of more than 90%.

Lastly, for the comparison of groups based on PaCO2, the ac-
curacy-related variables, including bias, LOA, correlation, and 
the absolute difference between SpHb and tHb, were ana-
lyzed with a mixed-effects model for the various PaCO2 rang-
es (PaCO2 <40 mmHg and PaCO2 ³40 mmHg).

Results

Of the 31 patients, 11 were excluded, and 20 patients were in-
cluded, as shown in Figure 1. The patient characteristics and 
operational data are summarized in Table 1. None of the pa-
tients received transfusion during surgery.

Heart rate and MAP were adequately maintained during sur-
gery (Table 2). In arterial blood gas analysis, pH and bicarbon-
ate levels were within the normal range, and PaO2 was main-
tained at approximately 200 mmHg. The mean PaCO2 values 
during surgery were 41.58±3.24 (range, 28-47) mmHg.

In total, 40 paired measurements of SpHb and tHb from 20 
patients were analyzed. Among them, 4 SpHb measurements 

Potential participants assessed for eligibility (n=31)

Eligible (n=20)

Excluded (n=11)
   Ineligible
   • >85 years
   • Atrial fibrilation
   • Prior low hemoglobin
   • Regular use of opioid
   • Additional surgery
   • Possible open surgery

n=2
n=1
n=1
n=3
n=1
n=3

Did not consent (n=0)
   Refused n=0

Consented to participate (n=20)

Final patient number for data analyses (n=20)

Losses during follow-up (n=0)

Figure 1. Flow diagram for patient enrollment.
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were measured with a PI value of <1.0. The mean PI value for 
the 40 SpHb measurements was 3.10±1.77% (range, 0.5-6.8%). 
The mean SpHb was 10.92±1.48 g/dL, and the mean tHb 
was 11.51±0.88 g/dL. Fifteen instances (38%) of all the pairs 
showed an absolute difference of £1.0 g/dL between SpHb 
and tHb, and 26 instances (65%) showed an absolute differ-
ence of £1.5 g/dL (Table 3).

An error grid analysis for the data points of all the SpHb and 
tHb pairs is shown in Figure 2. For all the pairs, 90% (36 of 40) 
were in zone A and 10% (4 of 40) were in zone B. There were 
no cases in zone C. In addition, there was a moderate positive 
correlation between SpHb and tHb: the correlation coefficient 
(r) values were 0.50 (P=0.001, 95% confidence interval [CI]: 
0.23 to 0.70). The Bland-Altman plot for 40 paired measure-
ments is shown in Figure 3. The bias (precision) values were 
-0.59 (1.28) g/dL, and the 95% LOA was -3.11 to 1.92 g/dL. 
The 4-quadrant plot of DSpHb and DtHb is shown in Figure 4. 
The concordance rate was 67% (4 out of 6), and the correla-
tion coefficient for the paired measurements of DSpHb and 
DtHb was 0.29 (P=0.226, 95% CI: -0.18 to -0.65).

Bias was similar across the PaCO2 ranges (P=0.948), but LOA 
was wider for the PaCO2 <40 mmHg range than for the PaCO2 
³40 mmHg range (Table 4). In addition, there was a moder-
ate positive correlation between SpHb and tHb for the PaCO2 
<40 mmHg range but no correlation for the PaCO2 ³40 mmHg 
range (Table 4): the correlation coefficient (r) values were 0.55 
and 0.18 (P=0.003 and P=0.554, respectively). |SpHb-tHb| was 
significantly higher for the PaCO2 <40 mmHg range than for 
the PaCO2 ³40 mmHg range (P=0.033, Table 4).

Discussion

In this prospective observational pilot study, we evaluated the 
accuracy of SpHb during laparoscopic surgery. In the presence 
of CO2 insufflation, the average SpHb tended to underestimate 
the tHb on consideration of -0.59 (1.28 g/dL) of bias (preci-
sion) values. In addition, there was a moderate positive cor-
relation between SpHb and tHb, but no correlation between 

n=20

Age (years)  54 (49-70)

Height (cm)  161.8±9.6

Weight (kg)  69.6±14.7

Gender (Male/Female) 12/8

ASA physical status (1/2/3) 8/8/4

Diabetes  6 (30%)

Crystalloid (mL)  1100 (600-1525)

Colloid (mL)  500 (450-500)

Packed RBC (unit)  0 (0-0)

Urine (mL)  160 (115-260)

Bleeding (mL)  100 (50-100)

Total dose of remifentanil (ug)  900 (660-1200)

Total dose of rocuronium (mg)  110 (85-150)

Operation time (min)  160 (133-213)

Anesthesia time (min)  218.8±62.5

Pneumoperitoneum time (min)  100 (145-185)

Table 1. Patient’s characteristics and operational data.

Values are presented as mean±standard deviation, median 
(interquartile range) or number (%). ASA – American Society of 
Anesthesiologists; RBC – red blood cell.

60 min after CO2 
insufflation

10 min before end 
of surgery

Heart rate (bpm)  64±10  60±8

Mean arterial 
pressure (mmHg)

 80±11  76±9

Arterial blood gas 
analysis

 pH  7.386±0.030  7.382±0.032

 PaO2 (mmHg)  200.5±46.1  215.1±46.4

 PaCO2 (mmHg)  38.9±5.6  39.0±5.3

  Bicarbonate 
(mmol/L)

 22.8±1.8  22.8±1.7

Table 2. Hemodynamics and arterial blood gas analysis.

Values are presented as mean±standard deviation. CO2 –carbon 
dioxide; PaO2 – arterial oxygen pressure; PaCO2 – arterial carbon 
dioxide pressure.

|SpHb–tHb|	(g/dL) Number	(%)

<0.5  3 (8%)

0.5-1  12 (30%)

1.1-1.5  11 (27%)

1.6-2.0  8 (20%)

>2.0  6 (15%)

Table 3.  Groups based on magnitude of differences between 
Radical-7 Pulse CO-Oximeter (SpHb) and laboratory 
CO-Oximeter (tHb) hemoglobin concentration.

Values are presented as number (%).
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Figure 2.  Error grid analysis for the data points of the SpHb and 
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difference (±10%) for hemoglobin from 6 g/dL to 
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represents differences with a major therapeutic error. 
SpHb – continuous and noninvasive hemoglobin 
monitoring; tH – laboratory hemoglobin
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Figure 4.  The 4-quadrant plot. It shows the directionality of 
the trend with a central exclusion zone of 1 g/dL 
hemoglobin. SpHb – continuous and noninvasive 
hemoglobin monitoring; tHb – laboratory hemoglobin
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1

0

-1

-2

-3

-4
8 9 10 11 12 13 14

Sp
Hb

-tH
b

(SpHb+tHb)/2

(+1.96 SD) 1.92

(-1.96 SD) -3.11

(Mean) -3.11

Figure 3.  Bland-Altman analysis. The solid line 
represents the bias (SpHb–tHb), and 
the dotted line represents the 95% 
limit of agreement. SpHb – continuous 
and noninvasive hemoglobin 
monitoring; tHb – laboratory 
hemoglobin.

PaCO2	<40	mmHg	(n=26) 40 mmHg £PaCO2	(n=14) P value

Bias (95% CI) (g/dL) -0.60 (-1.18 to -0.02) -0.57 (-1.15 to 0) 0.948

95% Limit of agreement (g/dL) -3.41 to 2.21 -2.52 to 1.38

Correlation coefficient (95% CI) 0.55 (0.20 to 0.77) 0.18 (-0.39 to 0.65) 0.235

|SpHb–tHb| (g/dL) 1.25±0.59 1±0.51 0.033

 £1.5 g/dL  15 (58%)  11 (79%) 0.299

 1.5 g/dL<  11 (42%)  3 (21%)

Table 4. Accuracy of SpHb by PaCO2 range.

Values are presented as number (%). SpHb – continuous and non-invasive hemoglobin monitoring; tHb – laboratory hemoglobin; 
PaCO2 – arterial carbon dioxide pressure.
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DSpHb and DtHb. The group comparison based on the PaCO2 
ranges showed conflicting results of bias, a wider LOA, and 
a higher value of |SpHb-tHb|, but a more significant correla-
tion between SpHb and tHb in the PaCO2 <40 mmHg range.

In our study, the bias (precision) was -0.59 (1.28 g/dL), and the 
95% LOA was -3.11 to1.92 g/dL in the presence of CO2 insuf-
flation. A meta-analysis by Kim et al included 32 studies, but 
only 13 studies were performed in the operating room [15]. 
Despite the minimal bias and SD of 0.39±1.32 g/dL for the 
SpHb and tHb, 16 studies in the operation room showed a wide 
LOA of -2.21 to 2.98 g/dL, and they were not homogeneous 
(I2=93%). A meta-analysis showed no significant heterogene-
ity of 28 studies conducted in the operating rooms, but the 
mean difference between SpHb and tHb was as low as -0.27, 
and the 95% LOA was wide (-0.44 to -0.1 g/dL) [5]. These ten-
dencies toward a minimal bias and a wide LOA are consistent 
with our results, which imply the possibility of an increase in 
bias during laparoscopic surgery compared with conventional 
surgery. Considering 1 g/dL as the clinical threshold, a bias of 
-0.59, in the presence of CO2 insufflation, is an acceptable re-
sult despite the wide LOA. Bleeding complications and major 
vascular injuries are common even in minimally invasive lap-
aroscopy, and internal bleeding into the peritoneal cavity or 
retroperitoneum is difficult to recognize due to the restrict-
ed view from the camera tip [16]. Rapid detection of anemia 
and timely transfusion decisions are vital for dynamic surgi-
cal conditions [17]. Therefore, a reliable accuracy of SpHb may 
help manage patients undergoing laparoscopic surgery in the 
presence of CO2 insufflation.

The error grid analysis showed that SpHb was significantly 
correlated with tHb in our study (r=0.50), which supports the 
above-mentioned reliability of SpHb. Moreover, it was a favor-
able outcome for the accuracy that 90% of paired measure-
ments existed in zone A in our study. However, all the paired 
measurements of zone A were for the uppermost section. Red 
blood cell transfusion is typically recommended for Hb values 
of <6.0 g/dL and probably is not needed for values of >10.0 g/
dL [18]. Thus, no transfusion will occur for the uppermost sec-
tion, and the patient will likely be transfused for the lowermost 
section, irrespective of any bias between the 2 measurements. 
The isthmus section of zone A (6.0 g/dL<Hb<10.0 g/dL) is the 
clinical decision-making region for blood transfusion [13]. The 
experimental observations are recommended to be a part of this 
isthmus when evaluating a new device [13]. Thus, further stud-
ies should be directed at laparoscopic procedures with higher 
degrees of intraoperative blood loss, such as laparoscopic hep-
atobiliary or thoracic surgeries, for clinical validity. The revised 
2015 practice guidelines for perioperative blood management 
by the American Society of Anesthesiologists recommend a re-
strictive transfusion strategy, although Hb concentration be-
tween 6 and 10 g/dL is determined for transfusion [19]. There 

is a need to pay attention to alterations in the recommended 
Hb level for the error grid analysis.

In the 4-quadrant plot, the concordance had an unacceptable 
rate of 67%, and DSpHb was not correlated with DtHb (r=0.29). 
In addition, the precision of SpHb was 1.28 g/dL (22%) in our 
study, although a precision of 20% is considered as the upper 
limit for reliable trending ability [14]. Therefore, the trending 
ability of SpHb in the presence of CO2 insufflation may be ex-
pected to be weak despite the fewer data points. Although there 
are few studies on trending ability in operation room, SpHb 
showed a good trending ability in adult patients scheduled for 
major orthopedic surgery, spine surgery, and high blood loss 
neurosurgery [20-22]. During liver transplantation, it was also 
a useful trending monitor, considering that the concordance 
rate was 79%, but the correlation coefficient for DSpHb and 
DtHb was 0.79 [23]. Since Baker et al reported greater bene-
fits of SpHb in indicating an unexpected status change, such 
as Hb decrease due to actual bleeding or acute hemodilution, 
the possible low trending ability in the presence of CO2 insuf-
flation should be taken into account when deciding on blood 
transfusion [3,10,21]. Lastly, most data points in our study ex-
isted within the central exclusion zone, which means that Hb 
did not change appreciably, which may be because blood sam-
pling during laparoscopic gastrectomy may be primarily due 
to the assessment of the acid-base status or electrolyte rath-
er than a clinical suspicion of bleeding.

The group comparisons based on the PaCO2 ranges showed 
that PaCO2 can affect the accuracy of SpHb, but the results 
were inconsistent in our study. In patients with hypercapnia, 
the PaCO2 status impaired the agreement between PaO2 and 
arterial oxygen saturation measured by pulse oximetry [6]. In 
70 adults undergoing laparoscopic herniorrhaphy, gastric by-
pass, or cholecystectomy, significant changes in cerebral oxy-
genation occurred during insufflation during laparoscopy [24]. 
In laparoscopic bariatric surgery, increased EtCO2 enhances re-
gional cerebral oxygen saturation [7]. As possible mechanism, 
Munoz et al proposed an increased carbaminohemoglobin lev-
el, changes in red blood cell morphology, and venous blood 
pulsatility [6]. Further experimental studies are needed to de-
termine the effect of PaCO2 on oximetry.

This study has limitations. First, this was a pilot study involv-
ing a small sample size, and the statistical power might be 
too weak to draw definitive conclusions. Second, the baseline 
values of SpHb and tHb were not measured. Anesthetic drugs 
can influence the microcirculation and accuracy of SpHb; thus, 
baseline values obtained after anesthetic induction are need-
ed [25]. Third, a radial arterial catheter was placed on the same 
side arm as the spectrophotometric Hb sensor. Although ra-
dial blood flow decreased immediately and recovered 5 min 
after cannulation, blood flow reduction at the fingertip may 
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have occurred because the diameters of the radial artery or its 
dorsal branch significantly decreased after cannulation [26,27]. 
Fourth, SpHb with PI of <1.0 should be excluded from the fi-
nal analysis because the decrease in PI after phenylephrine 
administration reduced the changes in the bias values after 
anesthesia induction [9].

The results of this study were inconsistent. However, our ob-
servation may be meaningful, because the importance of a pi-
lot study with a small sample is to provide estimates for sam-
ple size calculation and assist in planning and improving the 
quality of further research and minimizing unnecessary effort 
from researchers and participants [28].

Conclusions

This observational pilot study suggests that SpHb has an ac-
ceptable accuracy but weak trending ability in the presence 
of CO2 insufflation, and SpHb may be affected by PaCO2 lev-
els. Further research with larger populations or randomized 
controlled studies are needed to definitively establish the ef-
fect of CO2 insufflation on the accuracy of SpHb.
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