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Perioperative 
transcutaneous 
oxygen monitoring 
in thoracic 
anaesthesia 

Transcutaneous oxygen tension (Ptc02) was measured in 

30 patients scheduled for elective pulmonary resection 
requiring one-lung ventilation during anaesr Si- 
multaneous Ptc02 and arterial oxygen tension (PaO2) 
measurements were taken preoperatively (preop), intra- 
operatively during two-lung endotracheal (ET) and one- 
lung endobronchial ventilation (EB ), and postoperatively 
(postop). There was a significant correlation (r) between 
PtcOz and PaO2 at all time periods: 0.97 (preop); 0.91 
(ET); 0.83 (EB); 0.81 (postop). There were no significant 
differences among the transcutaneous oxygen indices 
(tc02 index = PtcO2/Pa02) in the preop (0.69 +- 0.09), 
ET (0.68 • 0.10) andpostop (0.71 • 0.12) time period. 
The tc02 index was significantly lower during one-lung 
anaesthesia (0.61 • 0.14). The Ptc02 was consistently 
lower than the corresponding PaOz measurement, thus 
providing a continuous estimation of the "'minimum" 
Pa02 level throughout anaesthesia and recovery. In four 
patients a marked drop in Ptc02 occurred just after the 
initiation of one-lung ventilation. In three, this was 
associated with arterial hypoxaemia and in one, haemo- 
dynamic compromise. In all four cases the Ptc02 was the 
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first monitored parameter to change. As there is a 

substantial risk of developing hypoxaemia during thor- 
acic anaesthesia, PtcO2 monitoring provides valuable 
early warning of impending hypoxaemia or haemo- 
dynamic compromise, thereby facilitating early thera- 
peutic intervention. 

During anaesthesia for thoracotomy, one-lung en- 
dobronchial ventilation is not infrequently associ- 
ated with marked decreases in PaO2. Hypoxaemia 
may result from intrapulmonary shunting, from 
changes in hypoxic pulmonary vasoconstricton, 
from atelectasis in the dependent lung and from 
surgical manipulation impairing ventilation or car- 
diac output, l 

Previous studies have shown that in haemo- 
dynamically stable adults transcutaneous oxygen 
tension (PtcO2) correlates well with arterial oxygen 
tension (Pa02). 2'3 In patients with cardiac compro- 
mise PtcO2 is more a reflection of cardiac output 
and oxygen delivery to the tissues than of PAO2.4'5 

Transcutaneous oxygen monitoring during an- 
aesthesia for thoracic surgery has been shown to be 
a valuable trend indicator when two-lung ventila- 
tion is utilized. 6 Previous investigators have also 
suggested that PtcO2 monitoring is of value during 
one-lung ventilation. 7's In the latter study, how- 
ever, only two or three paired measurements of 
PtcO2 and PaO2 were made in each patient during 
one-lung ventilation, s The purpose of the present 
study was to examine the relationship between 
PtcO2 and PaO2 in patients undergoing thoracoto- 
my where one-lung ventilation was utilized, and to 
examine whether or not that relationship was altered 
by changing from two-lung ventilation to one-lung 
ventilation. 
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Methods 
Thirty ASA physical status II to IV patients aged 41 
to 76 years admitted for elective thoracotomy and 
lung resection were studied. Patients with a history 
of cardiac failure or with any degree of cardiac 
compromise preoperatively were excluded. The 
study was approved by the Screening Committee 
for Research Involving Human Subjects of The 
University of British Columbia and by the Vancou- 
ver General Hospital Clinical Research Committee. 
Written informed consent was obtained from each 
patient prior to inclusion in the study. 

Patients were assessed the day before surgery and 
blood pressure, heart rate (HR) and oral tempera- 
ture were recorded. A combined transcutaneous 
oxygen (PtcO2) and carbon dioxide monitor, Bio- 
chem Lifespan #100 (Waukesha, WI), was used 
for measuring PtcO2. The oxygen sensor, a polaro- 
graphic electrode with a platinum cathode and silver 
anode, polarized with 0.6 volts and covered with a 
potassium chloride electrolyte and semi-permeable 
polypropylene membrane, was calibrated at 44~ 
to an internal electronic zero and to 21 per cent by 
exposure to room air. Electrode temperature was 
monitored and maintained at 44~ by an internal 
thermistor. The patients' shoulders or infraclavicu- 
lar areas were used for placement of the PtcO2 
sensors. The site was wiped and alcohol, a drop of 
contact gel was placed on the skin and the Ptc02 
sensor was fixed to the site using a double-sided 
adhesive O-ring. Twenty minutes were allowed for 
warm up and stabilization of the PtcO2 sensor 
before a measurement with the patient breathing 
room air was recorded. 

At the same time an arterial blood sample was 
drawn by percutaneous puncture of a radial artery 
with a preheparinized syringe. The blood sample 
was buried in ice and analyzed within 20 minutes by 
the hospital laboratory with a Radiometer ABL 3 
analyzer. Results were corrected for patient temper- 
ature and haemoglobin values. After recording the 
first measurements, patients were placed on supple- 
mental oxygen by Venturi mask. The first ten 
patients received an inspired oxygen concentration 
(FxO2) of 0.3, the next eight patients 0.5, and the 
final eight 1.0. After waiting 15 minutes for 
stabilization, the PtcO2 was recorded and another 
arterial blood sample was drawn for measurement 
of PaO2. Four patients refused to allow a second 
arterial blood gas measurement. 

On the day of surgery the patients were premedi- 
cated with a benzodiazepine one hour preoperative- 
ly. In the operating room the PtcO2 sensor was 
calibrated and placed on the patient's shoulders in 
the same fashion as described above. A #20 gauge 
catheter was placed percutaneously in a radial artery 
prior to anaesthetic induction; heart rate and blood 
pressure were monitored continuously utilizing an 
Electronics for Medicine PM-2B monitor and Cobe 
disposable pressure transducer. 

Placement of the PtcO2 sensor was restricted to 
the patients' shoulders and infraclavicular areas of 
the chest. Sites were changed and prepared every 
four hours, as recommended by the manufacturer. 
The sensor underwent two-point calibration with 
each sensor site change. A continuous strip record- 
ing of PtcO2 for the duration of the study period was 
obtained for each patient. 

Anaesthesia was induced with thiopentone and 
fentanyl. Endobronchial intubation with a double 
lumen tube (National Catheter Broncho-Cath) was 
facilitated by administration of succinylcholine. 
Correct positioning of the double lumen tube was 
confirmed using a paediatric fiberoptic broncho- 
scope. Anaesthesia was maintained with oxygen, 
isoflurane, nitrous oxide, fentanyl and pancuron- 
ium. Patients were mechanically ventilated with a 
tidal volume of 8-10ml 'kg  - l .  Ventilation was 
adjusted to maintain the arterial carbon dioxide 
tension between 36 and 42 tort. Immediately after 
induction an oesophageal stethoscope/temperature 
probe was inserted into the mid-oesophagus and 
temperature was continuously monitored. The FIO2 
was monitored using a Critikon oxygen analyzer 
(Oxychek) with the sensor in the inspiratory limb on 
the circle circuit and was calibrated prior to use of 
room air and 100 per cent oxygen. 

At the time of induction and every 15 to 20 
minutes thereafter, a set of measurements (HR, 
MAP, temperature, F]O2, PtcO2 and PaO2) were 
recorded. At least ten minutes were allowed for the 
PtcO2 sensor to stabilize after a change in F~O2 
before another set of measurements were made. 
After induction the FIO2 was adjusted to 0.4; FIO2 
was increased to 0.5 after skin incision. Fifteen to 
20 minutes prior to the initiation of one-lung 
endobronchial ventilation (EB) the FIO2 was in- 
creased to 1.0 and a set of measurements was made. 
After 15 minutes of EB ventilation of FIO2 = 1.0 
the measurements were repeated. If the PtcO2 was 
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RGURE 1 Preoperative relationship between transcutaneous (PtcO2) and arterial oxygen tension (PaO2). 

greater than 100 torr, then the FIO2 was varied at the 
discretion of the attending anaesthetist. During EB 
ventilation, if the PtcO2 dropped below 75 torr, the 
FIO2 was immediately returned to 1.0. When 
two-lung endotracheal ventilation (ET) was re- 
sumed, further measurements of PtcO2 and PaO~ 
were made with the FIO2 ranging from 0.4 to 1.0. 

At the end of the surgical procedure residual 
neuromuscular blockade was reversed and 26 pa- 
tients were extubated in the operating room. The 
remaining four patients required a short period of 
mechanical ventilation (2-4 hours) in the recovery 
room, prior to extubation. In the recovery room 
further measurements were made every three hours 
for a period of 18 to 24 hours. Additional measure- 
ments were made if indicated by the patient's 
condition. 

Data analysis 
The measurements recorded were separated into 
four time periods for analysis: preoperative (preop), 
intraoperative two-lung endotracheal ventilation 

(ET), intraoperative one-lung ventilation (EB), and 
postoperative (postop). There were no significant 
differences in any of the measured parameters 
during two-lung ventilation prior to the period of 
one-lung ventilation versus two-lung ventilation 
after one-lung ventilation; thus all the results for 
two-lung ventilation are presented together as the 
ET time period in the figures and the text. 

The mean and standard deviation of HR, MAP, 
temperature and transcutaneous oxygen index (tcO2 
index = PtcO2/PaO2) were determined for each 
time period and compared using analysis of vari- 
ance and the two-tailed Student's t-test. A p value < 
0.05 was considered significant. 

Results 
Nineteen males and 11 females were studied. Mean 
age was 63.5 --- 10.2 years. Eight pneumonecto- 
mies and 22 lobectomies were performed. A total of 
527 paired measurements of PtcO2 and PaO2 were 
made with 56 in the preop, 159 in the ET, 132 in the 
EB and 180 in the postop time periods. 
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FIGURE 2 lntraoperative relationship between transcutaneous (F'tcO2) and arterial oxygen tension (PaO2) during endotrachea! 
anaesthesia (two-lung ventilation) for thoracotomy. 

The results are summarized in the Table. There 

were no significant differences among the four time 

periods for mean HR, MAP and temperature. There 

was a significant correlation (p < 0.001) between 
PtcO2 and PaO2 for each time period of  the study 
(Figures 1-4): r values were 0.97 (preop), 0.91 
(postop), 0.83 (EB) and 0.81 (postop). The tcO2 

indices were 0.69 --+ 0.09 (preop), 0.68 -+ 0.10 
(ET), 0.61 --- 0.14 (EB) and 0.71 +-- 0.12 (postop). 

The tcO2 index was significantly lower during EB 

ventilation than during the other time periods (p < 
0.001). The variance of the tcO2 index was also 
noted to be greater during the EB time period. 

The 90 per cent response time of PtcO2 to 

TABLE Results 

Endotracheal (two-lung) 

Pre Post 
Pre.op one-lung one-lung 

Endobronchial 
Total one-lung Post-op 

Total samples (n) 56 108 
Temperature (~ 36.8 --- 0.2 35.9 • 0.5 
PaO2 (ton.) 131 --- 78 238 • 95* 
teO2 index 0.69 • 0.09 0.68 • 0.10 
MAP (ton') 89 - 22 84 -'- 16 
HR (.min -~) 80 • 7 80 -* 5 

51 159 132 180 
35.2 - 0.4 35.6 "" 0.8 35~3 + 0.6 36.0 • 0.5 
240 • 90* 242 ~ 99* 200 -+ 94* 138 - 46 

0.67• 0.68--0.10 0.61---0.14" 0.71--.0.12 
88 -+ 20 86 -4- 19 86 • 20 89 --- 14 
85---6 82---7 86-+ 16 84--. 13 

Mean • SD.  

*Significantly different from pre-op (p < 0.05). 
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FIGURE 3 lntraoperative relationship between transcutaneous 
anaesthesia (one-lung ventilation) for thoraeotomy. 

changes in FIOa was 2.9 --- 1.2 minutes; the 99 per 
cent response time was 12.6 --- 3.7 minutes. There 
was no zero electrode drift recorded and average 
drift at 150 torr was 1.8 -+ 0.9 torr/hr of study over 
20 hours. 

All 527 PtcO2 readings were below the corres- 
ponding PaOz values. PtcOz changed in the same 
direction as PaO2 in 95 per cent of the paired 
measurements, in the opposite direction in three per 
cent and did not change in two per cent. A decrease 
in PtcOz was associated with an increase in PaOz on 
eight occasions; in five of these there was an 
associated decrease in MAP of ten torr or more. 
Increases in PtcO2 without any change in FIO2 
occurred in eight instances; this was due to loose or 
dislodged skin sensors in all eight cases. 

Mild erythema was noted at 100 per cent of the 
sensor sites after four hours but no other complica- 
tions arose from the use of the PtcO2 monitor. 

The initiation of one-lung ventilation was associ- 
ated with a decrease in PaO2 and PtcO2 (r = 0.92, 

(PtcO2) and arterial oxygen tension (PaO2) during end�9 

p < 0.001) in 25 of 30 patients. Four patients had a 
dramatic drop in the PtcO2 within seven minutes of 
the initiation of one-lung ventilation. The PtcO2 
was the first parameter to change in each of these 
four cases, indicating the development of hypox- 
aemia or of impaired oxygen delivery. In one 
patient (Figure 5) the PaO2 was adequate through- 
out end�9 ventilation; however, the PtcO2 
dropped just prior to the development of hypoten- 
sion associated with ST segment changes on the 
ECG monitor. Despite appropriate supportive mea- 
sures, this patient sustained a documented myocar- 
dial infarction. 

Figure 6 demonstrates the continuous PtcO2 
tracing of one of the three patients who developed 
hypoxaemia unresponsive to oxygen insufflation 
into the operative, collapsed lung at 3 L 'min -~ and 
10cmH20 continuous airway pressure. 9 Hypox- 
aemia was corrected only with the re-institution of 
two-lung ventilation. 
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FIGURE 4 Relationship between transcutaneous (PtcO2) and arterial oxgen tension (PaOz) in the first 24 hours of postoperative 

recovery from Ihoraeotomy. 

Discussion 
Studies demonstrating the value of PtcO2 monitor- 
ing as a reliable trend indicator of changes in PaO2 
have been reviewed by Tremper. I~ The present 
study confirms the correlation between PtcO2 and 
PaO2 for two-lung ventilation 6 and for one-lung 
ventilation s during anaesthesia for thoracotomy. 
This relationship is sustained in the early recovery 
period after pulmonary resection. 

All PtcO2 readings were consistently below the 
corresponding PaO2 values in our patients. Contin- 
uous recording of the PtcO2 thus provided a valu- 
able estimation of the "minimum" PaO2 throughout 
anaesthesia and recover .  

In the four patients demonstrating marked de- 
creses in PtcO2 during endobronchial anaesthesia, 
three had associated arterial hypoxaemia (PaO2 < 
40 tort) and one had significant hypotension (MAP 
< 50 tort). In these four cases the PtcO2 was the first 

monitored parameter to change, thereby allowing 
early therapeutic intervention. 

The ratio of PtcO2:PaO2, or tcO2 index, is 
determined by simultaneous PtcO2 and PaO2 mea- 
surements. In haemodynamically stable patients the 
tcO2 index can then be applied to subsequent PtcO2 
measurements to estimate PaOz. 4 In our series of 
patients the preoperative tcO2 index of 0.69 - 0.09 
is considerably lower than the value of 0.79 - 0.12 
previously reported for haemodynamically stable 
adults, a The intraoperative tcO2 indices for our 
patients were also lower than those reported by 
Tremper et al. in their study of patients undergoing 
thoraeotomy, s This finding is consistent with the 
observation that tcO2 index decreases with advanc- 
ing age; I~ our patient population is older than in 
most other reports. T M  

The referenced American studies 2-s reported 
their findings based on a PtcO2 sensor temperature 



Chubra-Smith etal.: PtcO2 MONITORING IN THORACIC ANAESTHESIA 751 

FIGURE 5 Continuous transcutaneous oxygen (PtcO2) recording for the patient who sustained an intrauperative myocardial 
infarction. Comparative arterial ox),'gen tensions (PaO2) are given. The drop in PtcO2 to 38 torr (corresponding to the tcO2 
index of 0.23) occurred 3 minutes before any change in heart rate or blood pressure were noted. 

FIGURE 6 Continuous transcutaneous oxygen (PtcO2) recording for a patient who developed severe arterial hypoxaemia after 
initiating endohronchial one-lung ventilation. Both PtcO2 and PaO2 remained low despite continuous positive airway pressure 
(CPAP). Note the increase in PtcO2 with reinstitution of endotracheal two-lung ventilation (ET). 

of 45~ Measured oxygen tension can vary as 
much as seven per cent per degree Centigrade 
between 42 ~ C and 45 ~ C. i i In the present study the 
PtcO2 sensor temperature was maintained at 44 ~ C 
maximum, as recommended by the manufacturer in 
compliance with Canadian standard guidelines for 
transcutaneous blood gas monitoring devices. An- 
other Canadian study also used a sensor temperature 
of 44 ~ C. t2 The lower sensor temperature may have 
affected the variability and contributed to the lower 
PtcO2 indices we observed. 

A change in the relationship between PtcO2 and 
PaO2 during endobronchial one-lung ventilation is 
suggested by the significantly lower tcO2 index 
during this period. A lower tcO2 index during 
one-lung ventilation was also found by Tremper et  

al,  s although possible causes were not discussed. A 
decrease in the tcO2 index has been documented to 
occur in association with decreased cardiac out- 
put, 3-5 decreased body temperature, ~3"t4 or in- 
creases in PaO2. 6'15 We do not believe, however, 
that any one of these mechanisms adequately ex- 
plains the decrease in tcO2 index observed in our 
patients during one-lung ventilation. 

We did not measure cardiac output in our 
patients; other investigators have demonstrated that 
cardiac output does not change 9 or increases slight- 
ly during one-lung ventilation. ~6 Such changes 
would not be expected to produce a decrease in the 
tcO2 index. 

A decrease in body temperature, by causing a 
shift in the oxyhaemoglobin dissociation curve to 
the left, results in a decreased oxygen release to the 
tissues and a decrease in PtcO2 for a given PaO2. i, 14 
In our patients there was a gradual decrease in 
temperature throughout the study period, but the 
temperature during one-lung ventilation was not 
significantly lower than during two-lung ventilation 
either before or after the period of one-lung ventila- 
tion (see Table). Furthermore, when endotracheal 
ventilation was resumed following the period of 
endobronchial ventilation the tcO2 index rose in all 
but one patient. Hypothermia, therefore, cannot 
account for the decrease in tcO2 index observed 
during one-lung ventilation. 

The tcO2 index can also change in association 
with high levels of PaO2 and both increases and 
decreases in the index have been noted. 2"6:4"1s The 
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mean PaO2 levels were not significantly different in 
the ET and EB time periods of our study, however, 
so that other factors must have caused the observed 
differences in tcO2 indices. 

The tcO2 index is potentially affected by several 
factors associated with changing from two-lung to 
one-lung ventilation. In order to predict PaO2 as 
accurately as possible, a new tcO2 index should be 
determined some time after the initiation of one- 
lung ventilation. The tcO2 index is a dynamic ratio 
that may be altered by changes in cardiac output, 
patient temperature and high levels of PaO2. PtcO2 
monitoring cannot completely replace intermittent 
arterial blood gas analysis; nevertheless, we believe 
that PtcO2 monitoring is a reliable, continuous, 
non-invasive indicator of PaO2 in the perioperative 
management of patients undergoing thoracotomy 
involving endobronchial one-lung ventilation. 
PtcO2 monitoring provides the anaesthetist with an 
early warning of impending hypoxaemia or haemo- 
dynamic compromise thereby facilitating prompt 
and appropriate intervention. 
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R6sum6 
La tension d'oxyg~ne transcutande (Ptc02) dtait mesur~e 

chez 30 patients cddulds pour rdsection pulmonaire 

glective requdrant une ventilation d'un seul poumon 
durant l'anesth~sie. La mesure simultande de la Ptc02 et 

de la tension artdrielle d'oxygdne (Pa02) dtaient faites en 
prdopdratoire (prdop), perop~ratoire durant la ventila- 

tion des dettt poumons par tube endotrach~al (ET) et lors 

de la ventilation endobronchique d' un seul poumon (EB), 

ainsi qu'en p~riode postopdratoire (postop ). ll y avait une 

corrdlation significative (r) entre la PtcO 2 et la Pa02 d 

tousles temps dtudids: 0.97 (pr~op); 0.91 (ET); 0.83 

(EB); 0.81 (postop), II n'y avait aucune diffdrence 
significative entre les indices transcutan~s d'oxygdne 
(tc02 index = PtcO2/Pa02) dans la p&iode prdopdra- 
toire (0.69 +- 0.09), ET (0.68 +- 0.10) et postop (0.71 ++- 
0.12). L'index tc02 dtait significativement plus has lors 

de l'anesth~sie avec un poumon unique (0.61 +- 0.14). La 
Ptc02 dtait constamment plus basse que la mesare 
correspondante du Pa02, fournissant ainsi une estima- 
tion continue de la valeur minimale de la Pa02 d travers 

I'anesth~sie et le rdveil. Chez quatre patients une 
diminution marquee de la Ptc02 est survenue juste aprds 
le ddbut de ta ventilation ~un seul poumon. Chez trois de 
ces patients, ceci fut associ~ avec une hypoxdmie artd- 
rielle tandis que dans l'ature elle s'est accompagnde d' un 
dtat hdmodynamique compromis. Pour chacun, de ces 
quatre patients la Ptc02 ~tait le premier param~tre 
surveiltd d accuser des changements. Etant donn~ qu'il y 

a un risque substantiel de ddvelopper de l'hypox~mie lors 
de r anesth~sie thoracique, la surveillance de la Ptc02 
fournit un indice pr~cieux d'avertissement contre l'hy- 
poxdmie ou l'dtat hdmodynamique compromis facilitant 
ainsi une intervention thdrapeutique prdcoce. 


