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Abstract : Background : To test the reliability of the spot 
check Masimo Rad-67 (Masimo Corp., Irvine, CA, USA) 
as part of a preoperative anemia screening, hemoglobin 
measurements were compared to those of the HemoCue® 
Hb 201+ System (HemoCue AB, Ängelholm, Sweden) 
and the standard laboratory measurement. 
Methods : During preoperative evaluation of patients 
scheduled for elective orthopedic surgery hemoglobin 
concentration was simultaneously determined by 
standard laboratory analysis (HbLab), the HemoCue® 
Hb 201+ System (HbHemocue) and by Pulse Co-Oximetry 
using the Masimo Rad-67 (SpHb) with the rainbow® 
DCI®-mini Sensor (Masimo Corp., Irvine, CA, USA). 
Linear correlation, agreement (Bland-Altman analysis), 
sensitivity/specificity and positive/negative prediction 
values (PPV/NPV) for anemic hemoglobin values were 
determined. P-values less than 0.05 were considered 
statistically significant.
Results : 303 patients were analyzed. Twenty-one 
patients (12 male and 9 female) had mild or moderate 
anemia, detected by HbLab. In 20 patients, the HbHemocue, 
and in 34 patients, the SpHb detected anemia. Linear 
correlation and mean bias (limits of agreement, LOA) for 
HbHemocue and HbLab were r = 0.969 and -1.08 (+6.44/-8.60) 
g/L, and for SpHb and HbLab r = 0.61 and +1.76 (+26.92/-
23.4) g/L. Sensitivity/specificity of the HbHemocue to detect 
anemia in all, male and female patients were 85.0/99.3%, 
75.0/100/% and 88.9/98.9/% with a PPV/NPV of 
89.5/98.9%, 100/98.0% and 80.0/99.3%, respectively. 
Sensitivity/specificity of SpHb to detect anemia for 
all, male and female patients were 71.4%, 93.3%, 
75.0/95.2/% and 66.7/91.1%, with a PPV/NPV for all, 
male and female patients of 44.1/97.8%, 56.3/97.9% and 
33.3/97.7%, respectively.
Conclusions : HbHemocue and HbLab show a strong linear 
correlation and a good agreement, while linear correlation 
of SpHb and HbLab is moderate and agreement poor. For 
both devices, anemia detection is moderate, but the 
positive prediction value for anemia is much better with 
the HbHemocue. Both devices reliably detected non-anemic 
patients.
Glossary : CO = carbon monoxide ; PPV = positive 
predicted value ; NPV = negative predicted value ; HbLab 
= hemoglobin determined by the laboratory ; HbHemocue = 
hemoglobin determined by the HemoCue device ; SpHb = 
hemoglobin determined by the Masimo-RAD67 device ; 
LOA = limits of agreement ; LOS = length of stay ; POC 

= point of care ; SpO2 = arterial hemoglobin ; PR = pulse 
rate ; PI = perfusion index ; PVI = plethysmography 
variability index ; SpCO = carboxyhemoglobin ; SpMet 
= methemoglobin ; LED = Light Emitting Diodes ; HiCN 
= hemiglobincyanide ; SLS = Sodium Lauryl Sulphate ; 
BMI = body mass index ; BT = body temperature ; WHO 
= World Health Organization ; IQR = interquartile range ; 
MAP = mean arterial pressure ; HF = heart frequency ; 
SD = standard deviation
Key point Summary : 
– Question : Is Hb measurement of the Masimo Rad-67 
and of the HemoCue reliable?
– Findings : Non-anemic patients are reliably detected 
with the Masimo Rad-67. Of the 303 patients examined, 
HbLab detected twenty-one patients (12 male and 9 
female) with mild or moderate anemia. The Hbhemocue 
showed anemia in 20 patients, while the SpHb identified 
34 patients as anemic. HbHemocue and HbLab showed a 
strong linear correlation and a good agreement, while 
linear correlation of SpHb and HbLab was moderate and 
agreement poor. For both devices, anemia detection is 
moderate, but the positive prediction value for anemia 
is much better with the HbHemocue. Both devices reliably 
detected non-anemic patients.
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MaTErials anD METhoDs

This study was performed after obtaining 
approval from the local ethics committee (Kantonale 
Ethikkommission, Kanton Zürich, Switzerland, 
BASEC-Nr :2017-01361/ cliniclatrials.gov NCT 
03328780). After written informed consent had been 
obtained from the patient, demographic data were 
collected and measurements were performed. Data 
were collected in the University Hospital Balgrist 
in Zurich, Switzerland, from 11/2017 till 02/2018. 

The spot check Rad-67TM Pulse CO-
Oximeter® (Rad-67) is a non-invasive device 
monitoring the functional oxygen saturation 
of arterial hemoglobin (SpO2), pulse rate (PR), 
perfusion index (PI), plethysmography variability 
index (PVI), and allowing a spot check monitoring 
of total hemoglobin (SpHb), carboxyhemoglobin 
(SpCO) and methemoglobin (SpMet). SpO2 and 
PR measurements are possible even during motion 
and at phases of weak circulation. After the sensor 
is initialized, the signal stabilized and sufficient 
blood perfusion detected, the one-time SpHb value 
is displayed for 5 minutes or until the sensor is 
removed. With the Signal Extraction Technology® 
(SET®), the impact of motion of the arterial or 
venous blood during changes in the patient’s 
position is removed by adaptive filters. The Rad-
67 TM uses the rainbow® DCI®-mini Sensor with 
different Light Emitting Diodes (LED) which guide 
light to a photodiode (photodetector). The signal 
data is determined by passing different visible light 
and infrared light of wavelengths between 500 and 
1400nm through the capillary bed at the tip of the 
patient’s finger and measuring the changes in light 
absorption during the pulsatile blood cycle. The 
photodetector receives the light, converts it to an 
electrical signal, and transmits the signal to the 
Rad-67 TM device. SpHb measurement relies on a 
calibration equation of multiple wavelengths which 
quantifies the percentage of total blood hemoglobin.

The PI (range 0 to 20) is the ratio of pulsatile 
blood flow to non-pulsatile or static blood in the 
peripheral tissue. PI < 1 is associated with incorrect 
measurement results. The Rad-67 TM displays the 
calculated data of methemoglobin as a percentage 
for SpMet and values > 1% in non-smoking adults 
are defined as pathological. 

The HemoCue® Hb 201+ analyzer 
(HemoCue) is a POC device providing quantitative 
determination of the total amount of hemoglobin 
(HbHemocue) in whole blood. Capillary, venous or 
arterial whole blood may be used in specially 
designed microcuvettes. The system is factory 

– Meaning : With both devices, non-anemic patients are 
reliably recognized, while anemia detection is moderate. 
However, the prediction for the presence of anemia is 
much better with the Hbhemocue. 

Key words : Anemia ; orthopedic surgery ; non-inva-
sive hemoglobin measurement ; Masimo ; RAD-67™ ; 
HemoCue®.

inTroDucTion

Preoperative evaluation and optimization 
of the patients’ red blood cells have been shown 
to be beneficial for outcomes after major surgery 
(1). In patients undergoing elective orthopedic 
surgery, preoperative anemia, most commonly 
attributed to iron deficiency, is present in about 
19.4 to 35% and associated with increased hospital 
length of stay (LOS), morbidity and mortality (2,3). 
Recently, Froessler et al. showed that perioperative 
administration of ferric carboxymaltose in pre-
operative anemia resulted in a significant reduction 
of patient-related hospital costs, mainly based on 
reduced blood transfusions and LOS (4). 

Screening for anemia in elective orthopedic 
surgery during a first preoperative evaluation is 
important to create the best possible entry conditions 
for the patient. In our center, preoperative evaluation 
is usually done 4 to 6 weeks prior to surgery with 
hemoglobin concentration being measured using a 
Point of care (POC) device HemoCue® Hb 201+ 
Analyzer (HemoCue AB, Ängelholm, Sweden). In 
case of preoperative anemia, the general practitioner 
is encouraged to carry out further diagnostics and 
initiate preoperative anemia therapy. Most recently, 
the Rad-67 TM Pulse CO-Oximeter® (Masimo Corp., 
Irvine, CA, USA) with the rainbow® DCI®-mini 
Sensor (Masimo Corp., Irvine, CA, USA) has become 
available, providing hemoglobin concentration by 
non-invasive spot-check measurements using the 
multi-wavelength pulse CO-oximetry technology.

The aim of this study was to investigate the 
feasibility and reliability of the spot check Rad-67 TM 
Pulse CO-Oximeter® (Rad-67) and the HemoCue® 
Hb 20+ Analyzer in measuring hemoglobin concen-
trations during the early preoperative evaluation 
of elective orthopedic surgery patients. For this, 
we compared the obtained results of with those 
measured using a standard laboratory analyzer 
(XN 9000 Hematology analyzer, Sysmex (Sysmex 
Corporation, Kobe, Japan). 



© Acta Anæsthesiologica Belgica, 2020, 71, n° 3

 non-invasivE hEMogloBin MEasurEMEnT 125

non-invasive blood pressure (systolic, diastolic, 
mean arterial pressure) and body temperature (BT) 
were registered. Anemia was defined as hemoglobin 
(Hb) levels < 120 g/L in women and < 130 g/L in 
men, according to the World Health Organization 
(WHO). Anemia was defined as mild, moderate or 
severe in women/men (15years of age and above) 
if Hb levels were 110-119/110-129g/L, 80-109/80-
109 g/L and < 80/80 g/l, respectively (9).

Statistical Analyses : 

Data were collected using Microsoft® Excel 
(Microsoft Office 2010, Microsoft Corporation 
Redmond, WA, US) and analyzed using IBM® 
SPSS® Statistics version 25 (IBM Corp, Armonk, 
NY, USA). The Kolmogorov-Smirnov-Test was 
used to test continuous variables on normality. 
Continuous variables of all patients were sum-
marized as mean ± standard deviation (SD) or as 
median [IQR] according to the distribution of the 
data. Pearson Correlation Coefficient was used 
to test the linear relationship between HbLab and 
HbHemocue, and HbLab and SpHb. For determination 
of the agreement between the different methods, 
Bland-Altman analysis was applied to assess mean 
bias and limits of agreement (LOA) of HbLab with 
HbHemocue and SpHb (10). LOA is defined as (mean 
bias ± 2SD). To quantify the test performance, 
sensitivity / specificity and positive predictive value 
(PPV) / negative predictive value (NPV) of HbHemocue 
and SpHb were determined. Stepwise multiple 
regression analysis was used to estimate the impact 
of independent factors on the HbHemocoue and SpHb. 
P-values less than 0.05 were considered statistically 
significant. 

rEsulTs

In total, 307 patients were investigated. Four 
patients had to be excluded from analysis because of 
a PI < 1. Demographic and physiologic data of the 
303 remaining (157 male and 146 female) patients 
are presented in table 1. In 21 (7%) patients (12 
male and 9 female), HbLab detected anemia. Anemic 
patients were significantly older (p = 0.021) and the 
diastolic blood pressure was lower (p = 0.021) when 
compared to patients without anemia. Mild anemia 
was found in 11 male and 6 female patients. One male 
and three female patients had moderate anemia. In 
64 (21%) patients (33 male and 31 female), MetHb 
> 1 was found. The median (IQR) PI of the Rad-67 
was 5.3 (3.1; 8.1) with significant higher PI-values 
in males compared to females (Table 1).

calibrated against the hemiglobincyanide (HiCN) 
method. Sodium deoxycholate hemolyzes the 
erythrocytes and hemoglobin is released. Using 
the modified Vanzetti’s azide technique, sodium 
nitrite converts hemoglobin to methemoglobin, 
which, together with sodium azide, results in azide 
methemoglobin. The latter has almost the same 
absorbance spectrum as that of HiCN. Absorbance 
is measured at two wavelengths (570 and 880nm) 
in order to compensate for turbidity in the sample. 
The reliable measuring range of hemoglobin is 0 – 
256 g/L (0 – 15.9mmol/L). Results above 256g/L (> 
15.9mmol/L) are displayed as HHH. The analyzer is 
suited for both static and mobile use and stores test 
results, date and time for up to 600 measurements. 

The XN 9000 Hematology Analyzer (XN 
9000) for laboratories determines the total hemo-
globin concentration (HbLab) by the cyanide-
free Sodium Lauryl Sulphate (SLS) method, the 
reliability of which has been demonstrated against 
the HiCN-Method in various investigations (5-
8). SLS is a surfactant which both hemolyzes 
erythrocytes and rapidly forms a complex with the 
released hemoglobin. The product SLS-MetHb 
is stable for few hours and has a characteristic 
optical spectrum with maximum absorbance at 555 
nm. Monochromatic light with a wavelength of 
555 nm sent by the LED is absorbed by the SLS-
MetHb complex. The extinction is measured by a 
photo sensor and is inversely proportional to the 
hemoglobin concentration of the sample, according 
to the Beer-Lambert’s law. Turbidity of the sample 
caused by lipemia or leukocytosis is minimized due 
to the effect of the SLS reagent. 

Upon arrival in the consulting room, the 
patient took place on a deckchair. According to the 
manufacturer’s recommendation, the rainbow® 
DCI®-mini Sensor was attached to the finger 
as identified by the provided finger sizer of the 
dominant hand for transcutaneous measuring of 
SpHb and SpMet. The Rad-67 was calibrated 
for venous measurement of SpHb because blood 
samples for measuring HbLab were taken from a 
venous vessel. After a five minutes waiting period, 
two blood samples were drawn from the cephalic 
vein of the opposite arm and the SpO2, PR, PI, SpHb 
and SpMet values on the display of the Rad-67 were 
documented. The EDTA blood sample was sent to the 
central laboratory for analyzing HbLab. One milliliter 
of venous blood was drawn in a blood gas analysis 
syringe (SafePICO aspirator, Radiometer Medical, 
Bronshoj, Denmark, containing 80 IU heparin) and 
HbHemocue was analyzed. In addition, gender (sex), 
age, body weight, height, body mass index (BMI), 
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NPV for all, male and female patients of 89.5/98.9%, 
100/98.0% and 80.0/99.3%, respectively (Table 
IV). HbHemocue detected anemic values in 20 patients 
(9 male and 11 female).

Comparison between the HbLab and SpHb

In all patients, HbLab and SpHb showed a 
moderate linear correlation (r = 0.607) and a mean 
bias (LOA) of +1.76 (+26.92 / - 23.40) g/L (Table 
III, Fig 2). In the subgroup of non-anemic males, 
the mean bias (LOA) of HbLab and SpHb was +5.32 
(+29.99/-19.35) g/L, while in anemic males and 
females a mean bias (LOA) of -8.83 (+9.86/27.52) 

Comparison between the HbLab and HbHemocue

In all patients, HbLab and HbHemocue showed a 
strong linear correlation (r = 0.969) and a mean bias 
(LOA) of -1.08 (+6.44 / - 8.60) g/L (Table II, Fig. 
1). No significant changes of the linear correlation 
and in the agreement were found in male and female 
patients or in patients with or without anemia 
(Table II, Fig 1). Stepwise multi-regression analysis 
showed a significant impact of HF (p = 0.036), MAP 
(p > 0.001), age (p < 0.001) and BT (p = 0.001) on 
the HbHemocue. Sensitivity/specificity of the HbHemocue to 
detect anemia for all, male and female patients was 
85.0/99.3%, 75.0/100% and 88.9/98.9% with a PPV/

All
(n = 303)

Male
(n = 157)

Female
(n = 146)

p-value

Age, yr 53.3 [37.6; 67.6] 51.1 [38.6; 66.2] 55.8 [34.4; 69.0]  n.s.

Heigh, cm 170.1±10.4 176.3±8.4 163.3±7.9  < 0.001

Weight, kg 78.0 [67.5; 90.0] 84.0 [75.2; 98.5] 70.0 [60.4; 80.4]  < 0.001

BMI, kg/m2 27.1 [23.7; 30.7] 27.5 [24.4; 31.2] 26.3 [22.5; 30.7]  n.s.

HF, bpm 75 [68; 84] 75 [67; 84] 76 [69; 83]  n.s.

BPsyst, mmHg 136.6±17.8 138.7±15.8 134.5±19.6   = 0.041

BPdiast, mmHg 82.5±11.9 84.8±11.8 79.9±11.4   < 0.001

MAP, mmHg 100.5±12.4 102.8±11.5 98.1±12.9  = 0.001

SpO2, % 97 [96; 98] 97 [96; 98] 97 [96; 98]  n.s.

BT, °C 36.8 [36.5; 37.0] 36.6 [36.3; 36.9] 36.9 [36.6; 37.2]  n.s.

HbLab, g/L 142.4±14.6 149.6±14.0 134.6±10.8 < 0.001

HbHemocue, g/L 143.5±15.1 150.9±14.4 135.5±11.3 < 0.001

SpHb, g/L 140.6±13.7 145.4±12.5 135.5±13.1 < 0.001

PI 5.3 [3.1; 8.1] 6.3 [3.6; 8.8] 5.3 [2.4; 6.9] > 0.001

MetHb 0.8 [0.5; 1.1] 0.8 [0.5; 1.1] 0.8 [0.5; 1.1] n.s.

Table I.

Demographic and physiologic data of all, female and male patients. Data are presented as mean ± SD or median [IQR] ; 
p-values less than 0.05 are considered statistically significant.

Abbreviations: BMI, body mass index; BPsyst, systolic arterial pressure; BPdiast, diastolic arterial blood pressure; MAP, mean arterial pressure; 
SpO2, oxygen saturation measured by pulse oximetry; BT, body temperature; HbLab, Hb measured by the XN 9000 Hematology Analyzer; 
HbHemocue, Hb concentration measured by the Hemocue device; SpHb, Hb concentration measured by the RAD-67 device; PI, pulsation index 
measured by the Rad 67™ n.s., not significant.

r CI95 r2 p-value Bias (g/L) SD (g/L) LOA (g/L)

All 0.969 0.973; 1.031 0.938 < 0.001 -1.08 ±3.76 (+6.44/-8.60)

Male 0.963 0.948; 1.037 0.927 < 0.001 -1.29 ±3.90 (+6.52/-9.09)

Female 0.948 0.937; 1.046 0.899 < 0.001 -0.86 ±3.60 (+6.35/-8.06)

Allno anemia 0.958 0.968; 1.038 0.918 < 0.001 -1.05 ±3.78 (+6.51/-8.61)

Male>130 0.936 0.923; 1.045 0.876 < 0.001 -1.25 ±3.89 (+6.53/-9.03)

Female>120 0.922 0.921; 1.063 0.850 < 0.001 -0.83 ±3.66 (+6.49/8.15)

Allanemia 0.957 0.985; 1.319 0.917 < 0.001 -1.52 ±3.53 (+5.54/-8.58)

Male<130 0.953 0.958; 1.513 0.908 < 0.001 -1.75 ±4.20 (+6.65/-10.15)

Female<120 0.957 0.766; 1.333 0.916 < 0.001 -1.22 ±2.59 (+3.95/-6.39)

Table II

Linear correlation and agreement of of HbLab and HbHemocue  in all, male and female patients, patients with and without anemia

Abbreviations: HbLabs, photometrically measured Hb; HbHemocue, Hemoglobin concentration measurement by the Hemocue device; SpMet, 
Methemoglobin measured with the Rad 67; Allno anemia, all patients without anemia; Male>130, Male with HbLabs > 130g/L; Female>120, female with 
HbLabs > 120g/L; Allanemia, all patients with anemia; Male<130, males with HbLabs < 130g/L; Female<120, female with HbLabs < 120g/L; bias, mean of 
the differences between HbLabs and HbHemocue; LOA, limits of agreement (mean bias ±2 SD).
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surgery, we found anemic values in only 7% of the 
included patients, which might be explained by a 
high proportion of younger patients (< 65 years)
(11). In the present study, HbHemocue showed a strong 
linear correlation and a good agreement with HbLab 

in all patients, while linear correlation of SpHb 
with HbLab was only moderate and the agreement 
poor. Our results are in accordance with those of 
comparative studies with other Pulse CO-Oximeter 
devices. In adult emergency department patients, 
Knutson et al. reported limits of agreement for 
laboratory hemoglobin and SpHb measured with 
the Radical-7 Pulse CO-Oximeter of -47/+38g/l 
which was beyond the clinically relevant standard 
of equivalency (12). Similar results were found by 
Gayat et al. who compared laboratory hemoglobin 
concentration values with non-invasive detected 
hemoglobin of the Pronto-7 and the Orsense NMB-
200 device in emergency room patients (13). 
Interestingly, while mean bias and agreement of 
HbLab and HbHemocue was not different in the subgroup 
analysis of our study, mean bias of HbLab and SpHb 

g/L and -8.56 (+11.54/-28.66) g/L was found, 
respectively (Table III). Stepwise multi-regression 
analysis showed a significant effect of HF (p = 
0.01), MAP (p < 0.001), PI (p < 0.001), age (p > 
0.001) and MetHb (p = 0.001) on SpHb. Sensitivity/
specificity of SpHb to detect anemia for all, male 
and female patients was 71.4/93.3%, 75.0/95.2% 
and 66.7/91.1%, with a PPV/NPV for all, male 
and female patients of 44.1/97.8%, 56.3/97.8% 
and 33.3/97.7%, respectively (Table IV). SpHb 
detected anemic values in 34 patients (16 male and 
18 females).

Fig.1. —A, Correlation of the Masimo-RAD67 hemoglo-
bin measurements versus hemoglobin determination with 
HemoCue. B, Bland-Altmann plot for the hemoglobin deter-
mination with the Masimo-RAD67 and the determination with 
HemoCue.

r CI95 r2 p-value Bias (g/L) SD (g/L) LOA  (g/L)

All 0.607 0.483; 0.652 0.368 < 0.001 +1.76 ±12.58 (+26.92/-23.40)

Male 0.547 0.370; 0.607 0.300 < 0.001 +4.24 ±12.68 (+29.59/-21.12)

Female 0.513 0.449; 0.791 0.263 < 0.001 -0.90 ±11.96 (+23.01/-24.82)

Allno anemia 0.528 0.441; 0.648 0.278 < 0.001 +2.54 ±12.45 (+27.45/-22.37)

Male>130 0.369 0.232; 0.563 0.136 < 0.001 +5.32 ±12.34 (+29.99/-19.35)

Female>120 0.418 0.376; 0.818 0.174 < 0.001 -0.40 ±11.93 (+23.46/-24.26)

Allanemia 0.491 0.071; 0.900 0.241 = 0.024 -8.71 ±9.34 (+9.63 /-27.29)

Male<130 0.469 -0.146; 1.041 0.220 = 0.146 -8.83 ±9.23 (+9.86/-27.518)

Female<120 0.240 -0.644; 1.137 0.058 = 0.534 -8.56 ±10.05 (+11.54/-28.66)

Abbreviations: HbLabs, photometrically measured Hb; SpHb, Hemoglobin concentration measurement by the Rad 67; SpMet, Methemoglobin 
measured with the Rad 67; Allno anemia, all patients without anemia; Male>130, Male with HbLabs > 130g/L; Female>120, female with HbLabs > 120g/L; 
Allanemia, all patients with anemia; Male<130, males with HbLabs < 130g/L; Female<120, female with HbLabs < 120g/L; bias, mean of the differences 
between HbLabs and SpHb; LOA, limits of agreement (mean bias ±2 SD).

Table III

Linear correlation and agreement of HbLab and SpHb in all, male and female patients, patients with and without anemia

Discussion

The main results of this first investigation of 
the Rad-67 in comparison with the HemoCue are : i) 
HbHemocue showed a strong linear correlation and good 
agreement with HbLab, while linear correlation of 
SpHb and HbLab was moderate and agreement poor ; 
ii) for both devices, anemia detection was moderate, 
but the positive prediction value for anemia was 
much better with the HbHemocue, iii) both devices 
reliably detected non-anemic patients.

In contrast to the expected prevalence of 
anemia in patients scheduled for elective orthopedic 
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in non-anemic males and falsely high values in 
anemic patients by the SpHb. Detection of falsely 
low values in the high range and falsely high values 
in the low range Hb concentration by SpHb has 
also been reported during investigation of other 
Pulse CO-Oximeters (14-16). These findings could 
be explained by the site of venous blood sampling. 
Morris et al have shown in one individual a 6.3% 
difference between capillary blood samples drawn 
from the left and right hand (17). In our study, 
whole blood was drawn from the cephalic vein of 
the opposite arm, where the difference to the other 
side could possibly be considered much lower. 
Another reason might be the used rainbow® DCI®-
mini Sensor of the Rad 67™ itself, in which the 
effect of ambient light cannot be completely ruled 
out. A black protective cover pulled over the sensor 
could prevent the effects of ambient light. However, 
this is not provided by the manufacturer for the 
rainbow® DCI®-mini sensor. Since the patients 
investigated in this study had all taken place on 
a deckchair, unforeseen patient movements as a 
further possible confounder could be most likely 
ruled out. Nail polish was removed before the sensor 
was attached. However, the event of an irregular 
heart rhythm would have had significant impact 
on the SpHb measurement, but was not explored 
in this investigation. Additionally, all measurement 
methodologies including so-called laboratory 
standard procedures have inherent variations and 
hemoglobin values will consistently differ within 
and between various invasive laboratory analyzers. 
In the same patient, Gehring et al reported a bias of 

in non-anemic males and females was + 5.32 g/L 
and -0.40g/L, respectively. Additionally, in anemic 
males and females, a mean bias of HbLab and SpHb 
of – 8.83g/L and – 8.56g/L was found. This finding 
suggests detection of falsely low hemoglobin values 

Table IV

Sensitivity/specificity and PPV/NPV for HbHemocue and SpHb to detect anemia. 
True normal was defined as HbLab > 130g/L for men and HbLab > 120g/l for female.

Abbreviations: HbLab, photometrically measured Hemoglobin concentration; HbHemocue, Hemoglobin concentration measured by the HemoCue device; 
SpHb, Hemoglobin concentration measured by the Rad 67; True normal, test detected patients without anemia; True anemia, test detected patients with 
anemia; False normal; Test did not detect anemia; False anemia, not anemic patients were detected as anemic patients by the test; PPV, positive predic-
tive value; NPV, negative predictive value.

all Male Female

HbLab HbHemocue SpHb HbLab HbHemocue SpHb HbLab HbHemocue SpHb

n (%) n (%) n (%) n (%) n (%) n (%)

All patients n = 303 n = 157 n = 146

True normal 282 (93.1) 281 263 145 145 138 137 135 125 

True anemia 21 (6.9) 17 15 12 9 9 9 8 6 

False normal 3 6 3 3 1 3 

False anemia 2 19 0 7 2 12

Sensitivity (85.0) (71.4) (75) (75) (88.9) (66.7)

Specificity (99.3) (93.3) (100) (95.2) (98.9) (91.1)

PPV (89.5) (44.1) (100) (56.3) (80.0) (33.3)

NPV (98.9) (97.8) (98.0) (97.9) (99.3) (97.7)

Fig. 2. — A, correlation of the Masimo-RAD67 hemoglobin 
measurements versus hemoglobin values measured in the 
laboratory. B, Bland-Altmann plot for the hemoglobin 
determination with the Masimo-RAD67 and the determination 
in the laboratory.
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Limitations of the study

The hemoglobin measurement of the 
HemoCue® using the modified Vanzetti’s azide 
technique is from the methodological point of view 
largely similar to the cyanide-free Sodium Lauryl 
Sulphate (SLS) method of the laboratory analyzer 
XN 9000. For both, the HemoCue® and the XN 
9000, the reliability against the HiCN-Method has 
been demonstrated (5-8). Methemoglobin con-
centration was not determined in the laboratory. 
Feiner et al. demonstrated an accuracy and precision 
of MetHb measured with the Radical 7 device 
of 1.9% ± 2.5% only in the 95-100% SaO2 range 
(20). However, the Radical-7 readings become 
progressively more inaccurate as SaO2 decreases 
< 95%, at times overestimating true values by 
10 to 40%. In 22 patients (7.2%) in this study, 
SaO2-values < 95% were measured. However, the 
impact of this proportion of patients is negligible. 
Irregular heart rhythm was not recorded in this 
investigation. Especially, in the elderly patients, 
atrial fibrillation is common and irregular heart rate 
causes a considerable variation of the pulse wave. 
In this study, 20.4% of the patients were older than 
70 years and the prevalence of atrial fibrillation 
in this age group is nearly 11% for males and 5% 
for females. The exclusion for analysis of this 
population might have influenced the results for the 
SpHb measurement. The Rad-67 is not approved 
for patients with pre-existing renal failure. This 
population was not evaluated and therefore not 
excluded. Finally, all laboratory measurement 
methodologies have inherent variations and hemo-
globin values will consistently differ within and 
between various invasive laboratory analyzers.

In conclusion, both devices reliably detected 
non-anemic patients. Linear correlation and 
agreement of HbLab with HbHemocue were better than 
for SpHb. For both devices, anemia detection was 
moderate, but the positive prediction value for 
anemia was much better with the HbHemocue. The 
current version of the Spot Check Rad-67TM Pulse 
CO-Oximeter® needs additional refinements to 
further improve its performance and reliability, 
before it can used as the sole basis for preoperative 
anemia screening. 
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