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ABSTRACT. Two pulse oximeters, the Nellcor N-100 and the 
Ohmeda 3700, were compared with arterial blood values and 
with each other in a clinical evaluation of  performance. Three 
hundred twenty-nine simultaneously sampled btood/oximeter 
data pairs from use of  both makes of  pulse oximeters on each 
of  152 test subjects were included in the comparison analysis 
for each oximeter. Among the patients, disease type and se- 
verity and hospital location varied widely. Basic descriptive 
statistics and linear regression analysis were employed to facil- 
itate comparison. Both oximeters displayed a statistically sig- 
nificant but clinically insignificant bias when compared with 
arterial blood oxyhemoglobin: -0 .31 (P = 0.023) and 0.59 (P 
= 0.001) for the Ohmeda 3700 pulse oximeter and the Nellcor 
N-100 pulse oximeter, respectively. Relative to arterial blood 
oxyhemoglobin, the 95% tolerance intervals were +4.84 to 
- 5.45 (10.3) for the Ohmeda 3700 and + 6.94 to - 5.76 (12.7) 
for the Nellcor N-100. Regressed against [oxyhemoglobin + 
carboxyhemoglobin + methemoglobin] as x, the Nellcor N-  
100 read y = 0.85(x) + 12.5, r = 0.83, P < 0.0001, and the 
Ohmeda 3700 read y = 1.02(x) - 5.3, r = 0.86, P < 0.0001. 
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The  oximeter  has evolved considerably since the late 
1970s, when  the only  c o m m o n l y  commercia l ly  avail- 
able oximeter  was the Hewle t t -Packard  ear oximeter;  
the current  compac t  microprocessor-assis ted versions 
require essentially no calibration [1]. Pulse oximeters are 
n o w  portable,  mos t  have the capability for bat tery oper-  
ation, and all have convenient ly  applied probes for ear, 
finger, or  other  sites. In addit ion to heart rate and arte- 
rial o x y g e n  saturation (SaO2), the O h m e d a  3700 pulse 
oximeter  displays the pulsatile waveform,  which  is a 
reflection o f  the pulse-modula ted  absorpt ion o f  light. 

The  use o f  pulse oximeters  has made the health care 
env i ronment  safer for patients w h o  are unable to main-  
tain adequate ventilation and gas exchange or are at risk 
o f  low o x y g e n  transport .  The  ability to accurately and 
cont inuous ly  m o n i t o r  SaO2 is no longer  just  a desirable 
ideal me thod  o f  moni to r ing  but is heavily relied upon  in 
the day- to -day  care o f  patients undergo ing  anesthesia, 
those in critical care units, those being tested in exercise 
laboratories and sleep laboratories, and those receiving 
h o m e  oxygen  therapy. The  health care practit ioner 's 
confidence in this me thod  o f  moni to r ing  should stem 
f r o m  the demons t ra ted  accuracy and reliability o f  the 
moni tor .  We studied the accuracy o f  two  commercia l ly  
available pulse oximeters,  the Nellcor  N-100  (Nellcor 
Inc, Hayward ,  CA) and the O h m e d a  3700 (Ohmeda,  
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Boulder, CO), in a patient population typical of our 
institution and of  that which would be monitored in a 
hospital practice. 

METHODS AND MATERIALS 

This study compares the performance of the Nellcor N- 
100 and Ohmeda 3700 pulse oximeters when referenced 
to arterial blood values. The only patient selection crite- 
rion was that the attending physician required an arterial 
blood gas determination to evaluate such clinical issues 
as the need for mechanical ventilation, the effects of 
ventilator adjustments, extubation criteria, or the modi- 
fication of oxygen therapy. 

Oxygen saturation was simultaneously measured 
noninvasively with the two oximeters. Each was 
equipped with a finger probe placed on a finger while 
the patient underwent standard arterial puncture or arte- 
rial blood sampling through an indwelling arterial cath- 
eter. During sampling all patients were at rest and in the 
recumbent or semirecumbent position. Both oximeters 
were set up at the patient's bedside and allowed a two- 
minute period for stabilization. During this time, the 
procedure was explained to the patient. The finger 
probe application for both oximeters requires no special 
preparation. If an acceptable reading was not obtained 
(i.e., if either oximeter failed to display an oxygen sat- 
uration) within 60 seconds, the respective probe was 
removed, the digit was examined, and the probe was 
reapplied. If again an acceptable reading did not occur, a 
reading was attempted on another finger. The operator 
recorded whether acceptable readings could be ob- 
tained. The same hand was used for both oximeters. 

The arterial blood sample was immediately placed in 
ice slush, and blood oxyhemoglobin "(HbO2), carboxy- 
hemoglobin (HbCO), and methemoglobin (HbMet) 
were measured within 15 minutes by an IL 282 CO- 
Oximeter (Instrumentation Laboratory, Inc, Lexington, 
MA). The CO-Oximeter was calibrated daily by com- 
paring two blood samples, a high and low value, for 
total hemoglobin from samples that had previously 
been analyzed in triplicate for total hemoglobin (THb) 
by the cyanmethemoglobin method. Each reference 
sample was analyzed three times on the CO-Oximeter. 
If the mean difference between the cyanmethemoglobin 
value and these values was greater than 0.3 g/dl, the 
CO-Oximeter calibration was changed by the value of 
the mean difference. This process was repeated, if neces- 
sary, until the results of  both methods agreed to within 
0.3 g/dl. A subjective assessment of skin pigmentation 
was made using a scale of  I to 3 for light, medium, and 
dark pigment levels, respectively. Data collection o c -  

curred consecutively as requests for blood gas analysis 
were received from the attending physicians. 

All data were compared by the use of  basic descriptive 
statistics, linear regression analysis, and paired t tests. 
For the purposes of linear regression analysis, onty data 
with HbO2 greater than or equal to 80% THb were 
analyzed. Because of the potential effect that outlier data 
points mighthave on the computed regression line, data 
comparisons in which the difference between pulse ox- 
imeter saturation (SpO2) and HbO2 was greater than or 
equal to 2.5 SD were discarded from the regression 
analysis. The SD of the differences for the Ohmeda 3700 
pulse oximeter was used as the criterion for deleting 
outliers because it was smaller. As a result, 12 data pairs 
were dropped from both the Ohmeda 3700 and Nellcor 
N-100 data sets, Deleting all data points with an HbO2 
less than 80% THb resulted in the dropping of 6 addi- 
tional data pairs from both sets. For the purpose of re- 
gression analysis these changes reduced the total num- 
ber of  data points from 329 to 311. 

RESULTS 

Among the 152 patients included in this study a wide 
range of  illnesses and severities of illness were repre- 
sented. The average age was 64.1 -+ 18.7 (mean -+ SD) 
years. Eighty-two patients were men; 136 were white, 
15 were black, and 1 was Asian. In 5 of 335 attempts 
(1.5%) the Neilcor N-100 failed to display a reading for 
saturation, whereas in 2 of 335 attempts (0.6%) the 
Ohmeda 3700 failed to display a reading. There were six 
invalid readings for which comparisons could not be 
made. Of  the 335 samples, 29t were attempted on white 
patients, 43 on black patients, and 1 on the Asian patient. 

Regression analysis for the Ohmeda 3700 and the 
Nellcor N-100 pulse oximeter values versus HbO2 val- 
ues is shown in Table 1. Table 1 also compares the 95% 
tolerance interval between the oximeter-measured SpO2 
and HbO2. In addition, it provides a comparison of the 
oximeter values regressed against functional SaO2 {i.e., 
(HbO2)/[100 - (HbCO + HbMet)]} and against the 
sum of HbO2, HbCO, and HbMet. Table 1 also com- 
pares percent desaturation (Dsat%) by pulse oximetry 
(as 100 - SpOa) with percent reduced hemoglobin 
(Hb%) determined by the CO-Oximeter (as 100 - 
HbO2 - HbMet - HbCO). The Hb% values ranged 
from 0 to 28.3; mean = 3.6 (SD = 4.04). The mean 
difference between the Nellcor N-100 Dsat% and Hb% 
values is -2.09 (SD = 2.8, SE = 0.153). The mean 
difference between the Ohmeda 3700 Dsat% and Hb% 
values is -2.99 (SD = 2.2, SE = 0.121). The mean 
difference between the Ohmeda 3700 8pO2 and HbO2 
values is -0.31 (SD = 2.444; SE = 0.135; P = 0.023). 
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Table I. Regression Analysis: Oximeter versus Sampled Blood ~ 

95% Tolerance 
Pulse Oximeter b Slope y Intercept Interval r 

NELLCOR N-IOO 

HbO2 vs SpO2 
HbO2 + HbCO + HbMet vs SpO2 
HbO2/[t00 - (HbCO + HbMet)] vs SpO2 
Hb% vs Dsat% 

OHMEDA 37OO 
HbO2 vs SpO2 
HbO2 + HbCO + HbMet v s  S p O  2 

HbO2/[100 - (HbCO + HbMet)] vs SpO2 
Hb% vs Dsat% 

0.78 21.2 12.7 0.80 
0.85 12.5 11.7 0.83 
0.83 14.8 11.9 0.83 
0.85 2.6 11.8 0.83 

0.95 4.2 10.3 0.83 
1.02 -5.3 9.3 0.86 
0.995 -2 .6  9.3 0.86 
1.02 3.0 9.3 0.86 

~AI1 correlations were significant (P < 0.0001). 
b See Appendix for definitions of  abbreviations. 

Table 2. Comparison of Regression Analysis and Paired t Test in Black Subjects 

SpO2 vs H b O 2  

Pulse 95% Tolerance 
Oximeter Slope y Intercept r D pa Interval 

Ohmeda 3700 0.91 8.9 0.8t 0.92 NS 13.5 
Nellcor N-100 0.72 28.4 0.79 2.5 <0.001 15.1 

~Paired t test. 

Sp02 = arterial oxygensaturat ion as measured by a two-wavelength pulse oximeter; HbOa = oxyhemoglobin as measured by a CO-Oximeter;  
NS = not significant; D = mean difference. 

The mean difference between the Neltcor N-100 SpO2 
and HbO2 values is 0.59 (SD = 3.021; SE = 0.167; P < 
0.001). The mean difference between the Ohmeda  3700 
SpO2 and HbO2 differences and the Nellcor N-100 
SpO2 and HbO2 differences is - 0 . 8 9 7  (P < 0.001). The 
mean difference between the Ohmeda  3700 SpO2, 
HbO2 + H b C O  + HbMet  differences and the Ohmeda 
3700 SpO2, HbO2 differences is 3.30 (P < 0.001). The 
mean difference between the Nellcor N-100 SpO2, 
HbO2 + H b C O  + HbMet  differences and the Nellcor 
N-100 SpO2, HbO2 differences is 1.5 (P < 0.001). 

Forty-three valid comparisons were made from black 
patients. The subjective estimate o f  pigmentation level 
for this subset ranged f rom 1 to 3 (2.5 +-- 0.6). Regres- 
sion analysis and paired t test for this subset are shown 
in Table 2. The HbMet  for this subset ranged from 0 to 
2.1% T H b  (mean = 0.9% THb).  The HbMet  range for 
the entire population was 0 to 2.1% T H b  (mean + SD 
= 0.7 _+ 0 . 4 ) .  

DISCUSSION 

The pulse oximeter  uses two light-emitting diodes that 
produce monochromat ic  light at two wavelengths, a red 

wavelength and an infrared wavelength, both o f  'which 
are subsequently pulse modulated by the arterial-arteri- 
olaf bed. This modulated, partially absorbed light is 
converted into an electronic signal by a photodetector 
and subsequently processed. It is relatively simple to 
distinguish between light that is absorbed at a constant 
rate due to tissue, venous blood, and the diastolic blood 
volume o f  the arterial-arteriolar bed and light that is 
absorbed as a result o f  the variable blood (pulse added) 
volume of  the arterial-arteriolar bed. The ratio of  the 
pulsatile components of  the red and infrared transmitted 
light is used to compute SpO2 [4,5] (Fig 1). The popula- 
tion in our study consisted o f  consecutive patients re- 
ferred for arterial blood gas analysis. No patients were 
excluded for any reason. O f  the samples in this study, 
14 were collected from patients in the emergency room, 
31 from patients in the recovery room, 23 from patients 
in the medical intensive care unit, 134 from patients in 
the neurosurgical intensive care unit, 48 from patients in 
the intermediate pulmonary care unit, and 85 from pa- 
tients in other wards from within our institution. Con- 
sequently, a wide range o f  type and severity o f  illness is 
represented, f rom patients who were spontaneously 
ventilating on room air and had normal blood gas values 
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Fig 1. Relative plethysmographic waveform amplitudes for the red 
(R) and infrared (IR) wavelengths at which measurements are 
made. Courtesy of Ohmeda Co., Boulder, CO. 

to those on mechanical ventilation who had an elevated 
inspired oxygen concentration and abnormal blood gas 
values. This population accurately represents patients 
who would be monitored in a nonstudy environment. 
The data f rom this study consequently represent the 
accuracy o f  oximetry  as it would be used in a hospital 
practice. 

Fanconi et al [2], in a study o f  critically ill pediatric 
patients, compared Nellcor N-100 oximeter 8pO2 with 
blood HbO2 and reported a linear regression o f  y = 
0.973(x) + 0.97; r = 0.95. The 95% tolerance interval 
calculated f rom their data is 16.3 (SD of  the SpO2 - 
HbO2 differences = 3.67; tolerance factor = 2.218 [3]), 
which is somewhat  higher than our 95% tolerance inter- 
val of  12.7 for the Nellcor (see Table 1). This may be 
due either to the low number o f  data points (1.08) for the 
Fanconi study or a consistently higher level o f  severity 
o f  illness, because Fanconi et al studied patients with 
"acute life threatening respiratory or circulatory condi- 
tions." One o f  the entry criteria was arterial oxygen 
tension less than 100 m m  Hg, although it was not re- 
ported whether this was on an elevated inspired oxygen 
concentration, mechanical ventilation, positive end-ex- 
piratory pressure, or continuous positive airway pres- 
sure. O f  importance is the fact that Fanconi et al used 
the IL 182 CO-Oxime te r  to measure HbO2, which is 
capable o f  determining HbCO,  although these values 
were not  reported. One would speculate that, in the 
absence o f  environmental factors in the population they 
studied (mean age 3.9 years; range 1 day to 19 years), 
H b C O  was not a significant factor. This may account 
for the higher correlation and better fit o f  their data to 

linear regression than our data, in which H b C O  ranged 
up to 7.8% T H b  and HbMet  ranged up to 2 . t% THb.  

Mackenzie [6], in a study o f  healthy volunteers, com- 
pared the Netlcor pulse oximeter with SaO2 as mea- 
sured by the IL 282 CO-Oxime te r  and mathematically 
manipulated by the formula SaO2 = HbOa/ (Hb + 
HbO2), where Hb is reduced hemoglobin [7]. In prac- 
tice this becomes HbO2/ t00  - (HbCO + HbMet) be- 
cause Hb is not commonly  measured. The IL 282 C O -  
Oximeter  automatically measures THb,  HbO2, HbCO,  
and HbMet,  although Mackenzie states that "no deter- 
minations o f  methemoglobin or carboxyhemoglobin 
were made."  One would suspect that in the population 
he studied neither H b C O  nor HbMet  should be present 
in elevated amounts, although this cannot be verified. 
The lack o f  elevated H b C O  and HbMet  is most likely 
the cause of  the better fit and correlation to blood data 
described by Mackenzie. 

Mackenzie's study is similar to that o f  Yelderman 
and N e w  [8], who studied a healthy, nonsmoking pop- 
ulation using the Nellcor N-100 pulse oximeter and re- 
ported results similar to Mackenzie's. They also com- 
pared SpO2 with functional SaO2, as described above. 
Although Mackenzie did not report the standard error 
o f  the estimate (SEE) or tolerance interval, Yelderman 
and N e w  reported an SEE of l .83 ,  which implies a 95% 
tolerance interval of  7.7. These study populations differ 
f rom ours in that ours contained patients who were be- 
ing treated for a medical malady, and some of  them had 
elevated H b C O  and HbMet  values and a wide range o f  
perfusion states. 

There have been no published studies demonstrating 
the accuracy of  the Ohmeda 3700 pulse oximeter. How-  
ever, many studies o f  previous models (Biox II, Biox 
IIA, and Biox III) have been published. Shippy et al [9] 
studied the Biox II pulse oximeter and reported a linear 
regression between the Biox II SpO2 and arterial blood 
HbO2 of  y = 0.761(x) + 24.4; r = 0.83; n = 183. 
Shippy further reported an improvement  in correlation 
and fit when from the analysis they excluded sampled 
blood/oximeter  data pairs with an H b C O  value of  
greater than 3%. 

Cecil et al [10], in a study comparing SpO2 with 
blood HbO2, reported a 95% tolerance interval relative 
to blood HbO2 for the Biox IIA pulse oximetet  of  
+3.92 to -3 .23 ,  or 7.15, in a critical care population (n 
= 173), 170 o f  w h o m had an H b C O  value of  less than 
3.0%. This is comparable to the 95% tolerance interval 
calculated from the data of  Yelderman and New [8] for 
the Nellcor N-100. In a study o f  the Biox III pulse ox- 
imeter using the finger probe, Cecil et al [11] reported a 
95% tolerance interval o f  - 4.5 to + 4.92 (9.42) relative 
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Fig 2. The difference between arterial oxygen saturation measured 
by the Nellcor N-IO0 pulse oximeter and oxyhemoglobin measured 
by the IL 282 CO-Oximeter is plotted against the CO-Oximeter 
oxyhemoglobin value. The computed regression lines and tolerance 
intervals for both the Nellcor N-IO0 and the Ohmeda 3700 pulse 
oximeters are shown for comparison. 

to the H b O  2 value for SpO 2. This study was performed 
on a population similar to that in our current study. The 
95% tolerance interval of  the Ohmeda 3700 (see Table 
1) compares well with this value. 

Figures 2 and 3 illustrate the relationship between ar- 
terial blood HbO2 and the Nellcor N-100 SpO2 and 
Ohmeda 3700 SpO2 values, respectively. This presenta- 
tion shows the difference between the SpO2 and arterial 
blood HbO2 on the y axis and arterial blood HbO2 on 
the x axis. The 95% tolerance intervals are shown 
around the line of  identity. The unedited regression 
lines are plotted. 

Altman [12] points out that linear regression analysis 
is correctly used when one is attempting to demonstrate 
or describe mathematic dependence of  one variable on 
one or more variables, that is, when calculating the 
"best" straight line that relates a dependent variable to 
the independent one. In the data presented here we used 
the regression analysis to illustrate this relationship be- 
tween SpO2 and HbO2, knowing that the dependence of  
one instrument on the reference value is compared di- 
rectly with that of  the other in precisely the same popu- 
lation. The regression analysis of  SpO2 versus HbO2 for 
both oximeters reflects the elevated y intercept and de- 
creased slope of  a population that includes data points 
with a considerably elevated carboxyhemoglobin. The 
elevated y intercept and decreased slope are closer to the 
origin and identity when compared with functional 
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Fig 3. The difference between arterial oxygen saturation measured 
by the Ohmeda 3700 pulse oximeter and oxyhemoglobin measured 
by the IL 282 CO-Oximeter is plotted against the CO-Oximeter 
oxyhemoglobin value. The computed regression lines and tolerance 
intervals for both the Ohmeda 3700 and the Nellcor N-tO0 pulse 
oximeters are shown jbr comparison. 

Sag2 (see Table 1), as was done by Yelderman and New 
[8] and subsequently by MacKenzie [6]. Because both 
the Ohmeda 3700 and the Nellcor N-100 pulse oxime- 
ters use just two wavelengths of  light in the determina- 
tion of  SpO2, it is not possible for either analyzer to 
separate all the hemoglobin fractions [4,5]. This would 
seem to be verified by laboratory data when reference is 
made to Table 1. The tolerance intervals are lower for 
the comparison of  SpO2 with HbO2 + HbCO + 
HbMet in both oximeters than for the comparison of  
SpO2 and HbO2. Severinghaus [13] has suggested that it 
is Hb that the pulse oximeter measures and not Sag2, 
because Hb absorbs more strongly in the red wave- 
length band that is used than HbO2 absorbs in the in- 
frared band. We compared the Hb% with the Dsat% 
measured by the oximeter (see Table 1). This compari- 
son did not demonstrate greater accuracy over other 
compared variables, nor should it, due to the interde- 
pendence of  Hb% and the sum of  HbO2, HbCO,  and 
HbMet. 

In the subset of  our study population that was black 
(15 patients, 43 data points), both oximeters demon- 
strated different regression lines from those observed 
from the total data set. The Nellcor N-100 demon- 
strated a statistically significant difference from HbO2 
(see Table 2). The ability to acquire successful readings 
in highly pigmented individuals is probably due to the 
variable-drive, light-emitting diode employed in each 
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oximeter  (although this has not been proven). H o w -  
ever, the greater inaccuracy demonstrated by both ox- 
imeters over the inaccuracy seen in the general popula- 
tion is probably  due to the wide range o f  pigmentat ion 
levels in the patients tested. O f  the 43 data points f rom 
the subset o f  black patients, 5 (11.6%) are outliers; o f  
the remaining 286 data points, 7 (2.4%) are outliers. 

Measurements by both the Nellcor N-100 and the 
Ohmeda  3700 oximeters  compare favorably with arte- 
rial HbO2 values (see Table 1). Although both are dif- 
ferent to a statistically significant degree, the differences 
are clinically insignificant. Both analyzers can measure 
SpO2 in black subjects, al though with relatively less ac- 
curacy than in the general population (see Table 2). The 
Nellcor N-100 demonstrates a statistically significant 
difference when compared  with HbO2 in this subset o f  
black patients, whereas the Ohm eda  3700 does not. 
Both pulse oximeters  are accurate within the physio-  
logic range. In the general population the Nellcor N-100 
is accurate to within 6.94% SpO2, and the Ohmeda  
3700 is accurate to within 5.45% SpO2. The Ohmeda  
3700 is significantly, but not clinically, more  accurate 
than the Nellcor N - t 0 0  in the clinical range o f  80 to 
100% SpO2. The accuracy statistics for both oximeters 
are improved  when SpOz is compared with functional 
SaO2, with the sum o f  HbO2 + H b C O  + HbMet ,  or 
with H b %  over  those when SpO2 is compared with 
only HbO2. 

APPENDIX 

The following abbreviations are used in the article: 

Dsat% 

Hb% 

HbCO 

HbMet 

Hb02 

percent desaturation measured by pulse ox- 
imeter as 100 - SpO2; should equal per- 
cent reduced hemoglobin 

percent reduced hemoglobin measured by 
CO-Oximeter as 100 - HbO2 + HbMet 
+ HbCO when HbO2, HbMet, and 
HbCO are expressed as a percentage of 
total hemoglobin 

carboxyhemoglobin as measured by a CO- 
Oximeter; expressed as a percentage of 
total hemoglobin 

methemoglobin as measured by a CO- 
Oximeter; expressed as a percentage of 
total hemoglobin 

oxyhemoglobin as measured by a CO- 
Oximeter; expressed as a percentage of 
total hemoglobin 

SaO2 arterial blood oxygen saturation determined 
by oxygen content divided by oxygen ca- 
pacity times 100 

functional SaO2 HbO2/Hb + HbO2 when Hb and HbO2 are 
expressed as a percentage of total hemo- 
globin; in practice, because Hb is not 

Sp02 

THb 
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