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The technology to measure noninvasively the partial pressure 
of oxygen at the skin surface ("transcutaneous" P02, or Ptc02) is 
now commercially available. In patients with normal cardiac out-
put and cutaneous blood flow, the Ptc02 accurately monitors 
changes in the arterial partial pressure of oxygen (Pa02). However, 
if the cardiac output is reduced, the PtcC>2 diverges from PaC>2 and 
reflects tissue oxygen delivery instead. Thus, the physiologic inter-
pretation of the PtcOz varies according to the hemodynamic status 
of the patient. This limits the utility of transcutaneous oxygen 
monitoring in critically ill patients, but such monitoring can be 
useful in the noninvasive detection of adverse changes in arterial 
oxygenation or tissue perfusion. 
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The arterial oxygen partial pressure (Pa0 2 ) traditionally 
is measured directly from a blood sample obtained through 
arterial puncture. In recent years, there has been consid-
erable progress in the noninvasive monitoring of arterial 
oxygenation.1,2 One commercially available technique per-
mits the noninvasive measurement of the "transcutaneous" 
oxygen partial pressure (Ptc02 ) (Fig. 1 ). 

Although transcutaneous oxygen monitoring has been 
proposed to be of value in several différent clinical settings 
(Table), there remains some controversy regarding its use-
fulness, especially in the monitoring of critically ill adult 
patients with hemodynamic instability.1415 Initial expecta-
tions that the Ptc02 would prove always to be a reliable 
indicator of the Pa0 2 have not been fulfilled. Such an 
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Fig. 1. The Radiometer transcutaneous monitor with P0 2 and 
PC0 2 sensors placed on the forearm. The strip chart recorder 
allows display of continuous measurements. For the purpose of this 
illustration, the sensors were not calibrated and therefore the meas-
urements displayed do not reflect the true physiologic status. 

assumption is true when the circulation is normal, 
but under conditions of reduced cardiac output 
Ptc02 diverges from Pa02 and appears to reflect 
tissue oxygen delivery instead. The purpose of 
this article is to summarize the physiologic inter-
pretation of the Ptc02 measurement and to re-
view the clinical experience that has been ob-
tained with this technology. 

Historical development and theoretical 
considerations 

The transport of oxygen across the skin barrier 
was first studied in 1851 by Gerlach, who noted 
that "cutaneous respiration depended on the 
quantity of blood streaming through the most 
superficial skin capillaries and its flow velocity."16 

Exactly 100 years later, Baumberger and Good-
friend found that the P0 2 immediately surround-
ing a finger immersed in a 45° C electrolyte 
solution was close to the Pa02. This established 
the important concept that the P0 2 of heated 

Table. Clinical settings in which transcutaneous oxy-
gen monitoring may prove useful 

1. Intensive care units8-5 

2. Cardiopulmonary rescusitation6,7 

3. Monitoring during anesthesia and surgery8,9 

4. Exercise testing10"12 

5. Sleep labs (apnea studies) 
6. Evaluation of peripheral vascular disease13 
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Fig. 2. Schematic cross-section of the transcutaneous sensor, 
the skin, and the dermal capillaries. Application of heat by the 
sensor alters the lipid structure of the stratum corneum and causes 
hyperemia of the dermis. These effects are important in aiding the 
diffusion of oxygen (represented by small dots) from the capillaries 
to the sensor membrane. (Reproduced with permission from Trem-
per et al.18) 

skin approached the Pa02. By 1972, a practical 
method of using a miniaturized and heated Clark 
electrode to measure the P0 2 at the skin surface 
was developed.1' Almost immediately, the meas-
urement of Ptc02 gained widespread use in neo-
natal intensive care units, where the Ptc02 was 
found to be nearly equal to Pa02 in hemody-
namically stable infants. This reduced the need 
for frequent arterial blood sampling. 

The Clark electrode applies voltage between a 
platinum cathode and a silver anode in a KC1 
solution, thereby reducing oxygen. A current is 
produced that is proportional to the number of 
oxygen molecules reduced. Application of local 
heat is important for three reasons: (1) The oxy-
gen-hemoglobin dissociation curve is shifted to 
the right; (2) The lipid structure of the stratum 
corneum is altered, allowing faster oxygen dif-
fusion; and most importantly, (3) blood flow 
through the skin capillaries is greatly increased 
("arterialization" of capillary blood). These ef-
fects increase the measured Ptc02, and allow this 
value to approximate Pa02. Figure 2 schemati-
cally illustrates the latter two effects of local 
heating. 
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Fig. 3. T h e time course o f Pa0 2 , Ptc02, mean arterial pressure 
(MAP), and cardiac index (CI) in three separate patients is illus-
trated. Fig. 3A represents a hemodynamically stable patient moni-
tored during surgery. T h e P t c0 2 closely tracks changes in the Pa0 2 , 
and the P t c0 2 is about 72% o f the corresponding P a 0 2 value. Fig. 
3B shows data f rom a patient with moderate low-flow shock. A t 
times P t c 0 2 diverges f rom P a 0 2 (although the correlation is signif-
icant), and the PtcC>2 averages only 50% o f the corresponding 
Pa0 2 . Fig. 3C shows data f rom a patient who had intraoperative 
arrest due to an acute hemorrhage. P t c0 2 is not correlated with 
Pa0 2 , but both P t c0 2 and the P t c0 2 index track the cardiac index. 
(Reproduced with permission f rom T r e m p e r et al . ' ) 
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Practical considerations 
A number of practical considerations affect the 

use of currently available transcutaneous oxygen 
monitors. The heat (43-45° C) necessary to in-
crease cutaneous blood flow may induce local 
erythema or mild burns. Thus, electrodes should 
be moved approximately every 3-4 hours, espe-
cially in infants. After initial placement of the 
electrode, it may take 5-10 minutes for the Ptc02 

to reach equilibration. This obviously represents 
a major limitation to the use of transcutaneous 
monitoring during cardiopulmonary resuscita-
tion or in other situations in which monitoring 
needs to be instituted quickly following an acute 
clinical decompensation. Conjunctival oxygen 
monitoring devices, recently approved by the 
FDA, may have a role in such settings since the 
initial equilibrium time is much shorter.7'19 This 
is true in part because the absence of the stratum 
corneum layer in the conjunctivae makes local 
heating and hyperemia unnecessary for accurate 
monitoring. Conjunctival oxygen monitoring 
also has the advantage of a shorter response time 
(0-60 seconds versus 60-180 seconds for Ptc02 ) 
in detecting physiologic changes following initial 
equilibrium.7 

There is some concern that anesthetic gases 
(particularly halothane and nitrous oxide) may 
interfere with Ptc02 determinations, thus limit-
ing the usefulness of such monitoring during 
surgery.20 However, many of the studies on this 
issue have involved in vitro experiments in which 
anesthetic gas concentrations have been much 
higher than usual tissue concentrations. A recent 
report suggests that halothane interference may 
not be significant in patients actually undergoing 
anesthesia.21 The sensor membrane (e.g., poly-
propylene versus Teflon) may prove important 
in minimizing anesthetic gas inerference. Ques-
tions remain on this subject, and further studies 
are necessary. 

Clinical experience with transcutaneous 
monitoring in the intensive care unit 

A considerable amount of information about 
the clinical usefulness and interpetation of the 
Ptc02 is now available. The largest amount of 
reported experience is that of Shoemaker, Trem-
per, and colleagues.3-6,8'15'22'23 These investiga-
tors recently published data regarding the rela-
tionship of Ptc02 to Pa02 in critically ill adult 
patients in the intensive care unit.3 They col-

lected 1073 sets of data from 106 patients. Pa-
tients were divided into three groups based upon 
the cardiac index (CI): Group 1 patients with 
relatively normal cardiac output (CI > 2.2); 
Group 2 patients with moderate shock (2.2 > CI 
> 1.5); and Group 3 patients with severe shock 
(CI < 1.5). The Ptc02 was compared with the 
Pa02; the ratio of these values (Ptc02/Pa02) is 
the Ptc02 "index". In patients with normal flow, 
the Ptc02 index was 0.79 ± 0 . 1 2 (SD) with r = 
0.89. In moderate shock, the Ptc02 index was 
0.48 ± 0.07 with r = 0.78. In severe shock, the 
PtcOa was only 0.12 ± 0.12 with r = 0.06 (no 
correlation). However, in these Group 3 patients, 
the Ptc02 index had a significant correlation with 
cardiac index. Data from representative Group 
1,2, and 3 patients are illustrated in Figure 3. 

The important conclusion from this study is 
that the relationship between the Ptc02 and the 
Pa02 depends upon the cardiac output. At rela-
tively normal cardiac outputs, the Ptc02 is a 
reliable trend monitor of the Pa02, although the 
Ptc02 will average only about 80% of the Pa02 

(a Ptc02 value of 80 raraHg corresponds to a 
Pa02 of 100 mmHg). However, at moderate 
levels of hypoperfusion, even when not associated 
with frank hypotension, the Ptc02 averages only 
about 50% of the Pa02. This represents an im-
portant limitation of transcutaneous monitoring 
since such patients may not be easily distin-
guished from Group 1 patients without invasive 
monitoring of the cardiac output. And finally, in 
cardiogenic shock, changes in Ptc02 actually re-
flect changes in the cardiac output (or tissue 
oxygen delivery), rather than in the Pa02. 

Our experience with the transcutaneous oxy-
gen monitor (Radiometer, see Fig. 1) in the med-
ical intensive care unit parallels that obtained by 
other investigators. We have found that the 
Ptc02 is a reliable monitor of changes in the 
Pa02 in hemodynamically stable patients, al-
though the actual Ptc02 index varies from pa-
tient to patient (Fig. 4). 

Summary 
Commercially available devices for the contin-

uous and noninvasive monitoring of cutaneous 
(or conjunctival) oxygen pressures are now avail-
able. The physiologic interpretation of the Ptc02 

value appears well established. In patients with 
normal cardiac output and cutaneous blood flow, 
the Ptc02 reflects Pa02. However, in low flow 
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Fig. 4. This illustrates the comparison of 20 simultaneous Ptc0 2 and Pa0 2 values obtained during a 12-hour period in two patients 
monitored in the medical intensive care unit. Fig. 4 A represents data from a patient with pancreatitis, diffuse pulmonary infiltrates, and 
metabolic acidosis. Fig. 4B shows data from a patient with chronic obstructive pulmonary disease and respiratory failure. Both patients 
were receiving mechanical ventilation; ventilatory parameters and inspired oxygen concentration were altered as clinical requirements 
dictated. Both patients were hemodynamically stable, with a mean arterial pressure greater than 90 mmHg during the monitoring period. 
Although Ptc0 2 tracked changes in Pa0 2 extremely well in both patients, the Ptc02 index averaged .46 in the patient monitored in 4A 
and .83 in 4B. The cause of this difference between patients was not apparent. 

states, the Ptc02 diverges from Pa02 and reflects 
tissue oxygen delivery instead. This represents 
both a problem and an opportunity. The problem 
is that monitoring of the Ptc02 alone may be 
inadequate in many clinical situations, since de-
creasing Ptc02 may reflect either pulmonary de-
compensation (decreasing Pa02 ) or hemody-
namic failure (decreasing cardiac output). A 
separate, independent measurement of respira-
tory or cardiac function may be necessary to 
interpret the change in Ptc02. On the other 
hand, Ptc02 can detect decreases in tissue oxygen 
delivery that are difficult to monitor directly 
(especially noninvasively) by any other technique 
currently available. 

This technology can be of use in the contem-
porary critical care unit, assuming that those who 
use it are aware of the physiologic interpretation 
of the Ptc02 value. The most exciting aspect of 
this technique is its potential in the assessment of 
oxygenation at the tissue level.22-24 However, it 
may represent only an intermediate step in the 
evolution toward methods that are even more 
precise. Several emerging technologies (includ-
ing microelectrode measurement of interstitial 
or intracellular P0 2 and pH, nuclear magnetic 
resonance, positron emission tomography, fluo-
rometry and spectrophotometry, and purine nu-
cleotide levels) may compete with transcutaneous 
monitoring.24,23 The role that transcutaneous 
oxygen monitoring eventually may play in the 

assessment of critically ill patients remains to be 
determined. 
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