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Pulse oximetry in severe anaemia 
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A b s t r a c t .  M e a s u r e m e n t  o f  ar ter ia l  oxygen sa tu ra t ion  by 
pulse  ox imet ry  was p e r f o r m e d  in two pa t ien ts  wi th  acute  
and  chronic  a n a e m i a  (haemog lob in  concent ra t ions :  
2.9 mmol /1  (4.7 g /d l )  and  1.9 mmol /1  (3.0 g /dl ) ,  respec- 
t ively) using a Rad iome te r  OXI  and  a Nel lcor  N-200 
pulse  oximeter.  The  two oximeters  read  a l te rna t ing  dif- 
ferent values in the  two pat ients .  In  conclus ion,  pulse  ox- 
imeters  are able  to  give a value for  oxygen sa tu ra t ion  even 
at  extreme anaemia ,  a n d  when  a h igh  value is given, it  
poss ib ly  reflects a r te r ia l  oxygen sa tura t ion .  The  value o f  
pulse  ox imet ry  in severe a n a e m i a  is discussed.  
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Measurement s  o f  ar ter ia l  oxygen sa tu ra t ion  (SaO2) by  
pulse  ox ime t ry  (SpO2) [1, 2] in pa t ien ts  wi th  severe anae-  
m i a  (haemog lob in  concen t ra t ion  (Hb)  < 5.0 mmol /1)  has  
no t  previous ly  been  repor ted .  We present  pulse  ox imet ry  
measurement s  in two pa t ien ts  wi th  severe a n a e m i a  in 
o rde r  to discuss the  u t i l i ty  o f  pulse  ox imet ry  in this  
c l inical  s i tua t ion .  Pulse  ox ime t ry  d a t a  is presented  as bias  
(SaO 2 - Sp02) .  

C a s e  1 

Acute anaemia 

A 78-year-old male (Jehovah's Witness) presented with a bleeding 
duodenal ulcer. At the time of hospitalization the Hb was 8.1 mmoI/l. 
The patient refused to receive blood transfusion during the course. 
After 24 h the patient lost a further 1500 ml of blood and surgery was 
performed because of haemodynamic instability. Immediately after the 
operation the patient developed respiratory failure and was ventilated 
with 100% oxygen in the intensive care unit for two days. He died on 
the seventh post-operative day with intractable shock. The oxygen 
saturation was measured 24 h after operation with a Nellcor N-200 
(software version 2.7) and a Radiometer OXI pulse oximeter, and 
arterial blood samples were drawn simultaneously for measurement in 
an ABL300 (Radiometer A/S, Copenhagen), showing SaO 2 = 99.3%. 
The patient was not in shock during measurements. 

Hb was then 2.9 mmol/1 (4.7 g/dl). N-200 bias was -0.3070 SO2, 
and OXI bias was -4.0~ SO 2. The heart rate was 114 min -~ on both 
ECG and the two pulse oximeters. 

C a s e  2 

Chronic anaemia 

A 74-year-old female suffering from disseminated cancer presented with 
severe anaemia requiring transfusion every week. At hospitalization two 
weeks earlier, the patient's Hb was 2.8 mmol/1, and she received 1.75 1 
of SAG-M (leucocyte-free red blood cell suspension) blood. Before the 
transfusion was given, the patient was monitored with the two pulse ox- 
imeters and an arterial blood sample was drawn showing estimated 
SaO 2 = 97.5% (ABL300). The patient was not in shock during mea- 
surements. 

When performing the actual measurements her Hb was 1.9 retool/1 
(3.0 g/dl) and haematocrit was 0.09. N-200 bias was -3.5% SO 2 and 
OXI bias was +0.5070 SO 2. The heart rate was 100 rain -~ on both ECG 
and the two pulse oximeters. 

D i s c u s s i o n  

Pulse  ox imet ry  uti l izes the  fact  tha t  oxygenated  and  
reduced  h a e m o g l o b i n  abso rb  l ight  d i f ferent ly  at  dif ferent  
wavelengths.  C o n t r a r y  to  t r ad i t iona l  oximetry,  pulse  ox- 
imeters  are ab le  to separa te  the  a b s o r p t i o n  o f  l ight  by the  
pu l sa t ing  b l o o d  f rom the  a b s o r p t i o n  by  the su r round ing  
t issue and  thereby es t imate  the  ar ter ia l  oxygen sa tura t ion .  
In  the  eva lua t ion  o f  pulse oximeters ,  the  con t ro l  ar ter ia l  
b l o o d  measurements  shou ld  be  p e r f o r m e d  using a mul t i -  
wavelength haemoxime te r  tha t  measures  the  ac tua l  per-  
centage o f  oxygenated  b lood ,  ins tead  o f  a b l o o d  gas 
ana lyze r  tha t  ca lcula tes  the  oxygen sa tu ra t ion  f rom the  
oxygen tension,  pH,  t empera tu re  and  a s t anda rd  
2 .3 -DPG-concen t r a t i on  in the  mach ine ' s  a lgor i thm.  Our  
ins t i tu t ion  d id  no t  have a mul t i -wavelength  haemoxime te r  
a t  the  t ime o f  the  study, thus  the  given values for  SaOe 
come  f rom a b l o o d  gas ana lyzer  (ABL300,  Rad iome te r  
A / S ,  Copenhagen) .  

Lee and  col leagues  s tud ied  the  accuracy o f  pulse  ox- 
ime t ry  (Nel lcor  N-100) in  a na e mic  dogs  and  f o u n d  tha t  



126 

bias was -1.35% SO 2 at haematocrit below 0.25 and 
5.40% at haematocrit below 0.10 [3]. Severinghaus & Koh 
found in a study in healthy volunteers of 43 pulse ox- 
imeters from 12 different manufacturers, that bias in ox- 
ygen saturation at induced hypoxaemia (SaO2 approx- 
imately 55%) was inversely correlated with the 
haemoglobin concentration in the blood [4]. They found 
pulse oximetry bias to be 0% SO2 at Hb above 14 g/dl 
(8.7mmol/1), increasing to 14% SO2 at Hb 8 - 9 g / d l  
(5.0-5.6mmol/1) [4]. Bias in the anaemic patients 
(Hb = 5.0 mmol/1) was dependent of the oxygen satura- 
tion (from 0.13% SO2 at SaO2 = 98.5% to -9.95% SO2 
at SaO2 = 53.6%) [4]. Kolesar and colleagues studied the 
effect of different haemoglobin concentrations on the ac- 
curacy of pulse oximetry in an experimental in vitro study 
[5]. They found significant errors in the pulse oximetry 
measurements at both high and low Hb levels but the ex- 
act mechanism is still unknown. In the present study the 
difference between the values given by the two machines 
may partly be explained by differences in their built-in 
calibration algorithms, where the N-200 calibrates to 
functional saturation and the OXI to fractional satura- 
tion (difference between functional and fractional satura- 
tion is usually about 2.5% in normal individuals). 

In the present study Patient 1 had developed severe 
anaemia in only 24 h and the blood loss was replaced by 
thin fluids, whereas Patient 2 had developed severe 
anaemia in the course of several days. It is possible that 
the two patient's ability to dissociate oxygen from their 
haemoglobin differed, and it may be presumed that 
especially Patient 2 had an oxygen dissociation curve 
shifted to the right. This would cause the estimated ox- 
ygen saturation (ABL 300) to be higher than the measur- 
ed value (haemoximeter), but we were not able to verify 
this. 

The place of pulse oximeters in monitoring patients 
with severe anaemia is controversial since the transport 
capacity in the blood for oxygen in this situation is highly 
dependent on the dissolved blood gas more than on ox- 
ygen saturation, since even fully saturated blood may be 
inadequate to ensure a significant blood oxygen concen- 

tration, ensuring sufficient tissue oxygen supply. Never- 
theless, pulse oximeters may be used for continuous 
assurance that the arterial oxygen saturation is close to 
100%0. The accuracy of pulse oximetry in severe anaemia 
is still not fully elucidated. The present study found pulse 
oximetry oxygen saturation to differ by no more than 4% 
from the blood analyses, which we consider to be accep- 
table in the clinical setting as long as the problems of 
transport capacity are kept in mind. 

In conclusion, pulse oximeters are able to give a value 
for oxygen saturation at extreme anaemia, and when a 
high value is given, it possibly reflects arterial oxygen 
saturation. Anaemia and hypoxaemia are both factors 
causing pulse oximetry bias, although the underlying 
mechanisms is still unknown. Until further data is avail- 
able we recommend intermittent measurement of oxygen 
saturation and oxygen tension by blood samples during 
pulse oximetry monitoring in patients with severe 
anaemia. As in severe hypoxaemia, pulse oximetry may be 
used for continuous monitoring of the oxygen status, 
although the exact values for oxygen saturation may be 
slightly erroneous. 
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