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Epidural anesthesia affects pulse oximeter readings and response time 
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Abstract: We investigated the effects of epidural anesthesia 
on pulse oximeter readings (Spo2) and response time because 
this type of anesthesia causes significant changes in micro- 
circulation at measurement sites. Twenty patients were 
divided into lumbar epidural (L-EPI; n = 10) and the cervical 
epidural (C-EPI; n = 10) groups, Spo2 and skin blood flow 
(SBF) were measured at the finger and toe simultaneously by 
pulse oximeter and laser Doppler flowmeter, respectively. 
Data were collected before and after epidural anestt/esia for 
1 rain and the response time was calculated by the difference 
between the finger and toe using the breath-holding method. 
Epidural anesthesia increased SBF in the blocked area and 
decreased it in the nonblocked area in both groups (P < 0.01, 
respectively). In the L-EPI group, Spo2 was increased at the 
finger (P < 0.05) and decreased at the toe (P < 0.05). In the C- 
EPI group, Spo2 at both the finger and toe was decreased by 
the anesthesia. ASp% (Spo2 at the finger minus Spo a at the toe) 
was increased in the L-EPI group (P < 0.05) and decreased in 
the C-EPI group (P < 0.01). The difference in the response 
time became larger in the C-EPI group and smaller or oppo- 
site in the L-EPI group after anesthesia, The difference in 
response time and SBF were significantly correlated (r = 0.71; 
P < 0.05). These results indicated that epidural anesthesia 
lowered Spo2 and shortened the response time through va- 
sodilation in the blocked area and caused the opposite reac- 
tions in the nonblocked area through compensatory 
vasoconstriction. 
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Introduction 

The pulse oximeter  is a widely used type of oximetry 
moni tor  during anesthesia and other clinical proce- 
dures, because it provides a simple means to estimate 
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arterial oxygen saturation (Sao2). However ,  pulse 
oximeter  readings (Spo2) are affected by many  factors 
which cause the readings to differ f rom Sao 2 [1-3]. 
A m o n g  the factors, the decrease" in blood flow at the 
measuremen t  site due to vasoconstriction has been the 
focus of research because the detection of pulsatile flow 
is essential to distinguish arterialized blood f rom other 
nonpulsati le flow components  to calculate Spo2 [4,5]. In 
addition, low blood flow was repor ted  to prolong the 
response time of the pulse oximeter,  that  is, the delay in 
recognition of changes in systemic Sa% [6]. During an- 
esthesia, the peripheral  vascular tone changes over  a 
wide range, especially under  regional anesthesia. De-  
spite the routine use of the pulse oximeter  during anes- 
thesia, to our knowledge, no other  reports  have 
ment ioned  the influence of the anesthesia on pulse 
oximeter  readings. The present  study was designed to 
investigate the influence of epidural anesthesia on Spo 2 
and the response time through simultaneous measure-  
ment  at the finger and toe in relation to the skin blood 
flow measured  by a laser Dopple r  flowmeter.  

Methods  and materials 

After  obtaining approval  for the study protocol  f rom 
the Sapporo Medical University Commit tee  on H u m a n  
Research and informed consent f rom the patients, 
twenty A S A  class 1 or 2 patients were assigned to the 
cervical epidural group (C-EPI;  n = 10) and the lumbar  
epidural group (L-EPI; n = 10) depending on the re- 
gion of surgery. An epidural catheter  was inserted via 
the L 1 - 2  or L 2 - 3  interspace for the L-EPI  group and 
via the C7-T1  interspace for the C-EPI  group. Spo2 at 
the second finger and at the second toe were measured 
simultaneously using two pulse oximeters  (Nellcor 
N200, California, USA)  with clip-type probes  for adults. 
Skin blood flow at the first finger and the first toe 
were measured with two laser Dopp le r  flowmeters 
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were applied to the finger and toe alternatively to pre- 
vent mechanical  bias. Af ter  completing the control 
measurement ,  10 to 12ml  of 1.5% epinephrine-free 
lidocaine was injected through the epidural catheter,  
taking care to avoid accidental intravenous or intra- 
thecal injection by checking vital signs. All the data 
collected f rom the pulse oximeters  and the flowmeters 
were t ransferred to a PC9801 personal  computer  (NEC, 
Tokyo,  Japan)  once every second through an analog- 
digital conver ter  (Canopus, Kobe,  Japan).  Before  and 
20 min after  lidocaine injection, data were collected for 
1 min when the patients '  respiration was stable, and 
then averaged. Patients were also requested to hold 
their b rea th  for as long as possible to desaturate arterial 
blood before  and after  the epidural anesthesia. The an- 
algesic level was checked by the pin-prick method after 
complet ing measurement .  The  tempera ture  of the oper- 
ating room was maintained at 23~176 throughout  the 
measurement .  None of the patients required any proce- 
dure or drug to maintain blood pressure (e.g., ephe- 
drine) except  for an increase of infusion rate f rom 6 
to 10ml/kg/h.  Statistical analysis was pe r fo rmed  by 
Student 's  t-test for parameters  and the chi-square 
method for pat ients '  characteristics. P values of  less 
than 0.05 were considered significant. 

Results 

There  were  no significant differences among the pa- 
tients '  characteristics except for the sex ratio in both 
groups (Table 1), because most  cervical epidural anes- 
thesia was used for mastectomy.  During the control 
period, skin blood flow at the toe was low in both 
groups. In L-EPI  group, skin blood flow was signifi- 
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Fig. 1. Changes in ASpoz induced by epidural anesthesia. 
ASpo2 was calculated to offset the systemic changes in Sao 2 by 
subtracting Spo2 at the toe from Spo2 at the finger. Closed  
circles and open circles represent Mean _+ SEM in the L-EPI 
and C-EPI groups, respectively. PRE,  pre-epidural; POST,  

post-epidural. **P < 0.05 vs PRE; ~P < 0.05, ##P < 0.01 vs L -  
EPI group 

cantly increased at the toe and declined at the finger 
after the anesthesia. In C-EPI  group, changes in skin 
blood flow at both the finger and the toe were the oppo- 
site of those seen in L-EPI  group (Table 2). 

During the control measurement ,  Sp% at the toe was 
statistically higher than at the finger in both  groups. 
Af ter  the anesthesia, Spo 2 at the finger in L-EPI  group 
was significantly increased, accompanied by a decrease 
in Spo2 at the toe. In the C-EPI  group, in contrast, Spo2 
decreased significantly at the finger with a tendency to 
decrease at the toe. ASpo2 was calculated to offset the 

Table 1. Characteristics of patients 

Group n Age (years) Sex (F/M) Body weight (kg) Analgesic level 

L-EPI 10 40.0 _+ 3.6 8/2 53.3 _ 2.4 T9.2 - L16 
C-EPI 10 50.2 _+ 1.8 9/1 50.2 --+ 1 . 8  C4. 3 ~ T6. 4 

Mean _+ SEM. 
L-I~PI, lumbar epidural group; C-EPI, cervical epidural group. 

Table 2. Effects of epidural anesthesia on Spo2 readings and skin blood flow 

Group Spo2f Spo2t SBF~ SB E 

L-EPI pre 96.3 _+ 1.0 98.7 -+ 0.5* 24.4 + 4.9 6.4 -_+ 2.3** 
post 97.9 _+ 0.8 # 97.2 -+ 0.5 # 17.2 -+ 4.8 ## 27.6 _+ 2.5 **## 

C-EPI pre 95.7 _+ 0.9 97.1 _+ 0.9** 24.4 _+ 3.2 8.4 + 2.2** 
post 93.7 + 0.9 # 96.2 + 1.1"* 32.7 + 3.2 ~ 6.8 _+ 1.4 **## 

Mean _+ SEM. 
L-t~PI, lumbar epidural group; 
postoperatively. 
* P < 0.05 vs Spo2t or SBFf; ** P < 

C-EPI, cervical epidural group; pre, preoperatively; post, 

0.01 vs Spo2f or SBFf; # P < 0.05 vs pre; ## P < 0.01 vs pre. 
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Fig. 2. Changes inthe pulse oximeter response time caused by 
epidural anesthesia. The response time evaluated as the dif- 
ference between the time at which a change in Spo 2 caused by 
holding breath appeared at two separate sites. Note that the 
response time difference of some patients exceeded 60 s be- 
fore or after the epidural anesthesia 
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Fig. 3. Relationship between the skin blood flow (SBF) dif- 
ference and the response time difference (16 points from 8 
patients). The ordinate represents the difference in SBF cal- 
culated by subtracting SBF at the toe from SBF at the finger. 
The abscissa is the difference in response time between the toe 
and the finger calculated in the same manner as the Spo2 
difference 

decrease at the toe. ASpo2 was calculated to offset the 
systemic changes in Sa% by subtracting Spo2 at the toe 
from that at the finger. As a result, ASpo2 was opposite 
in the two groups; there was an increase from -1 .9  _+ 
0.6% to 0.7 _+ 0.6% in L-EPI  group and a decrease from 
-0 .9  + 0.3% to -2 .5  _+ 0.4% in the C-EPI group 
(Fig. 1). 

Eight of the 20 patients (4 from each group) could 
hold their breath until the pulse oximeter  readings 
changed. During control measurement,  the changes 
were detected earlier at the finger than at the toe. After  
epidural anesthesia, the response time difference be- 
tween the finger and the toe was greater in the C-EPI 
group and became smaller or opposite in the L-EPI 
group (Fig. 2). The difference in response time between 
the two sites was significantly correlated to the differ- 
ence in skin blood flow (Fig. 3; P < 0.05). 

Discussion 

The skin blood flow in the present study was measured 
with a laser Doppler  flowmeter, using a method newly 
developed for the clinical evaluation of microcircula- 
tion. The  measurement  principle is based on the detec- 
tion of the Doppler  shift of a laser beam from moving 
erythrocytes in vessels. The product  of the Doppler  shift 
multiplied by the volume of moving erythrocytes is 
equal to the blood flow in the hemisphere. The laser 
beam reaches a depth of 1 mm, which includes the sub- 
cutaneous arteriovenous anastomosis (AVA).  

The results of the present study demonstrated that 
Sp% and the response time were affected by skin blood 
flow at the measurement  sites. The finger and the toe 
are well known to have many AVAs, which are inner- 
vated by sympathetic nerves [7]. The amount  of blood 
passing through AVAs was increased four times by 
pharmacological denervation [7]. Because high pressure 
arterial flow is shunted through AVAs into more com- 
pliant low pressure veins, the pulsatile component  
created in the veins should be greatly amplified [8]. 
Therefore ,  venous or venous-arterial mixed blood is 
also detected by a pulse oximeter as pulsatile com- 
ponent  in blocked areas, resulting in a lower Sp02. In the 
L-EPI  group, skin blood flow decreased after epidural 
anesthesia probably due to compensatory vasoConstric- 
tion. A further decrease in shunt flow through AVAs at 
the finger and the subsequent reduction of venous blood 
pulsation may explain the increase in Sp02 at the finger 
in this group. In the C-EPI group, the Sp% at both the 
finger and the toe were decreased by anesthesia, prob- 
ably due to respiratory muscle relaxation. However ,  
ASpo2, which was calculated to offset the systemic 
changes in Sa02, revealed that the decrease in Spo2 at 
the finger was greater than that at the toe (Fig. 1). These 
results suggest that Sp02 is increased by vasoconstriction 
and decreased by vasodilation. Increased sympathetic 
tone in patients in the operating room may enhance the 
effects of epidural anesthesia on Sp02. 

Another  possible reason for the difference in Spo2 
may be a bias derived from the mechanical characteris- 
tics of the pulse oximeter. Pulse oximeter readings are 
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adjusted by the manufacturer  according to an empirical 
formula  obtained f rom healthy volunteers [6]. Thus, 
Sp% does not necessarily reflect the actual Sa% under  
nonphysiological conditions, such as severe hypoxia. 
However ,  the measurement  in this study was per formed 
in normoxic condition, except for breath holding, and 
Spo2 was shown to be within a physiological range. Al- 
though epidural anesthesia-induced changes in skin 
blood flow do not seem to be far f rom the fluctuation 
during the control period, changes in the signal quality 
of the pulse oximeter  caused by increases or decreases 
in skin blood flow, which were not evaluated in the 
present  study, might also contribute to changes in Spo2. 

The  response time of the pulse oximeter  was demon-  
strated to be affected by epidural anesthesia based on 
the difference between the t ime of appearance  of the 
change in Spo2 at two different sites induced by breath  
hold as a means of avoiding invasive Sao2 monitoring. I t  
is clinically important  that the difference between the 
two sites exceeded 60 s in some patients before or after  
anesthesia, which means that the recognition of the sys- 
temic changes in Sao2 should be  further delayed. The 
dependency  of the response t ime of the pulse oximeter  
on local blood flow was previously repor ted  [9]. Our  
findings, however,  demonst ra ted  that a clinically sig- 
nificant delay was observed in patients undergoing 
elective surgery under  conditions like hypothermia,  
hypovolemia,  or cardiogenic shock [10]. Epidural  anes- 
thesia could shorten the response time in the blocked 
area but cause a clinically significant delay in non- 
blocked areas due to compensatory  vasoconstriction. 

In conclusion, the present  study showed that Spoz 
differed at the finger and toe due to skin blood flow 
differences. The response t ime of the pulse oximeter  to 

systemic Sao2 changes depended on the skin blood flow 
at the measurement  sites. Epidural  anesthesia lowered 
Sp% and shortened the response time through vasodi- 
lation in the blocked area and caused an opposite re- 
action in the nonblocked area through compensa tory  
vasoconstriction. 
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