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 Sepsis is among the most common reason for 
admission to intensive care units (ICUs) throughout the 
world. Over the last two decades the incidence of sepsis 
in the United States has trebled and is now the 10th leading 
case of death [1,2]. Advances in medical technologies, 
the increasing use of immunosuppressive agents and the 
aging of the population have contributed to the exponential 
increase in the incidence of sepsis. In the United States 
alone, approximately 750,000 cases of sepsis occur each 
year, at least 225,000 of which are fatal [1,2]. Septic 
patients are generally hospitalized for extended periods, 

Abstract

 Sepsis is among the most common reason 

for admission to intensive care units throughout 

the world. Sepsis is characterized by a generalized 

microcirculatory injury, which results in tissue dysoxia. 

Tissue dysoxia is believed to be the causation of multi-

organ dysfunction syndrome (MODS) which commonly 

complicates the course of sepsis. The expedient 

detection and correction of tissue dysoxia may limit 

the development of MODS. The standard oxygenation 

and hemodynamic variables (blood pressure, arterial 

oxygenation, cardiac output) which are monitored 

in critically ill patients are “upstream” markers and 

provide little information as to the adequacy of tissue 

oxygenation. Global “downstream” markers of tissue 

dysoxia such as mixed venous oxygen saturation and 

blood lactate are insensitive indicators of the extent 

of the microcirculatory injury in patients with sepsis. 

Sublingual/buccal mucosal PCO² is a regional marker 

of microvascular perfusion and tissue dysoxia that 

holds great promise for the risk stratifi cation and end-

point of goal-directed resuscitation in patients with 

sepsis.

rarely leaving the ICU before 2 to 3 weeks. Those that 
die, rarely die directly from the initial infection but rather 
its ensuing patho-physiological consequences, namely, 
the sequential dysfunction and failure of several organ-
systems [3]. It has been suggested that this syndrome 
known as  “multi-organ dysfunction syndrome” (MODS) 
is a consequence of tissue dysoxia [4-6].

 The pathogenesis of sepsis is exceedingly 
complex and involves an interaction between multiple 
microbial and host factors [7]. However, emerging 
data suggests that microcirculatory dysfunction may be 
the fi nal common pathway whereby sepsis progresses 
to organ failure and death. It is postulated that the 
generalized microcirculatory injury which has now been 
recognized to occur with severe sepsis,  leads to tissue 
dysoxia, organ dysfunction and ultimately death [8,9]. 
The microcirculatory injury in sepsis may be further 
complicated by cytopathic hypoxia due to mitochondrial 
dysfunction [10-13].
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(Cori cycle). Due to decreased splanchnic blood fl ow 
and hepatocellular dysfunction, lactate removal may be 
impaired in critically ill patients. James and colleagues 
provide a compelling argument that a high blood lactate is 
a metabolic manifestation of high blood epinephrine levels 
and is a poor indicator of tissue dysoxia [56]. Similarly, 
Levy and colleagues have elegantly demonstrated 
that skeletal muscles may be a major source of lactate 
production during sepsis as a consequence of increased 
aerobic glycolysis through Na+K+ ATPase stimulation 
[59]. Lactate levels may therefore be a marker of illness 
severity rather than a measure of anaerobic metabolism.

Regional indices of tissue oxygenation: 
Gastric tonometry and sublingual 
capnometry

 Due to the fl ow distribution away for the 
gastrointestinal tract the development of tissue dysoxia 
in the gastrointestinal tract appears to be a common and 
early fi nding in patients with deranged hemodynamics. 
Dantzker has suggested that the gastrointestinal tract 
may be the “canary of the body”, with gastrointestinal 
dysoxia an “early warning of impending trouble” [60]. 
The PCO² of the stomach wall (PgCO²) and sublingual 
tissue (PslCO²)  has been demonstrated to increase 
predictably during both hemorrhagic and septic shock 
[51,54,61-68]. It has been demonstrated that changes in 
gastrointestinal mucosal pCO² (PimCO²) mirrors changes 
in gastrointestinal oxygen uptake during progressive fl ow 
stagnation [69,70].

Gastric tonometry 

 Gastric intramucosal acidosis (pHi) and 
intramucosal hypercarbia (PCO² gap) have been 
demonstrated to be a predictor of morbidity and mortality 
in critically ill patients [42,43,65,70-78]. Levy and 
colleagues measured gastric mucosal PCO² (by automated 
air-tonometry) in 95 consecutive critically ill patients on 
admission to the ICU and at 24 hours [79]. By univariate 
analysis the pHi was signifi cantly higher on admission 
and at 24 hours in the survivors as compared to the non-
survivors. By multivariate analysis the organ failure score 
and the PCO² gap at 24 hours were independent predicts 
of outcome. The 28-day survival was 75% in patients with 
a PCO² gap of less than 20 mmHg at 24 hours compared 

to a 28-day survival of 40% in those patients with a PCO² gap of greater than 20 mmHg at 24 hours.

 Gutierrez et al randomized critically ill ICU 
patients to a standard treatment group or a protocol group 
in which treatment was titrated to maintain the gastric 
intramucosal pH (pHi) greater than 7.35 [77]. Survival 
was signifi cantly improved in the protocol sub-group 
whose initial pHi was greater than 7.35. This study 
provides further support to the argument that the early 
detection and treatment of tissue dysoxia may improve 
the outcome of critically ill patients. Once the “golden 
hours” of resuscitation have lapsed and progressive tissue 
dysoxia has developed, measures that improve tissue 
dysoxia are unlikely to improve outcome.

Sublingual capnometry 

 While air tonometry has simplifi ed the 
measurement process (over saline tonometry) and 
eliminated the possible errors associated with the use of 
non-buffered saline, gastric tonometry has a number of 
limitations. Most notably, gastric tonometry is logistically 
and practically diffi cult and this may be the main factor, 
which has prevented the widespread use of this technology. 
Furthermore, equilibration of carbon dioxide between the 
gastric mucosa and the balloon is time dependent (about 
15 minutes with air tonometry) and is slowly responsive 
to therapeutic interventions. This slow equilibration time 
limits the use of gastric tonometry in the acute phase of 
resuscitation. Histamine type-2 blockers (H²- blockers) 
or proton pump inhibitors are routinely required to limit 
the intraluminal generation of carbon dioxide from gastric 
acid. Furthermore, enteral nutrition must be stopped at 
least 2 hours prior to each measurement; this is likely to 
interfere with the provision of nutritional support.  

 In order to overcome the potential limitations of 
gastric tonometry, Weil and colleagues postulated that the 
very proximal gastrointestinal tract, namely, the tongue 
and/or sublingual mucosa, may serve as appropriate site 
for measurement of tissue PCO². Although the tongue 
receives its blood supply from the internal carotic 
artery, the tongue may act functionally as part of the 
“splanchnic circulation”. Indeed, Weil and colleagues 
have demonstrated that with decreased perfusion pressure 
blood fl ow to the tongue and splanchnic bed fall to a 
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similar degree [80]. These authors have demonstrated an 
increase in sublingual PCO² (PslCO²) that was closely 
related to decreases in arterial pressure and cardiac index 
during circulatory shock produced by hemorrhage and 
sepsis [67,81-83]. Furthermore, the increase in PslCO² 
closely tracked the increase in PimCO². Other authors 
have demonstrated a good correlation between the 
PimCO² and PslCO² in ICU patients [52,54]. PslCO² 
better differentiates survivors from non-survivors than 
lactate or SmvO² and is more responsive to therapy 
than either of these markers [51]. Creteur and colleagues 
using orthogonal polarization spectral imaging have 
demonstrated that the improvement in sublingual 
microcirculatory fl ow with resuscitation was paralleled 
by a fall in the sublingual CO² [52]. Recently, Pellis and 
coworkers compared changes in organ blood fl ow with that 
of buccal and sublingual PCO² in a porcine hemorrhagic 
shock model [84]. In this study buccal and sublingual 
PCO² levels were nearly identical and closely tracked the 
changes in hepatic  and renal blood fl ow. The reduction 
in blood fl ow to the buccal and sublingual mucosa was 
comparable to that of the liver and kidney confi rming the 
utility of monitoring the oral mucosal PCO².

 The currently available system for measuring 
sublingual pCO² consists of a disposable pCO² sensor 
(which is placed under the tongue) and a battery powered 
handheld instrument. This technology is based on a carbon 
dioxide sensing optode containing a fl uorescent indicator, 
which is excited by light conducted through an optical 
fi ber, which then transmits the fl uorescent emission back 
to the instrument. While the Capnoprobe SLCO² system 
(Tyco, Pleasanton, CA) was temporarily withdrawn 
from the US market in 2005 due to contamination of the 
calibrant solution, this product has now been re-released 
(Microstat, Sublingual Monitor, Vasamed, Minneapolis, 
MN).

Conclusion   

 Sublingual capnometry is a technically simple, 
non-invasive, inexpensive technology, which provides 
near instantaneous information as to the adequacy of 
tissue perfusion in critically ill and injured patients. 
Sublingual capnometry provides a quantitative measure 
of the degree of microcirculatory abnormality in patients 
with sepsis and as such may prove to be useful tool for 
both the risk stratifi cation and as an end-point for goal-
directed resuscitation. The clinical experience with 
sublingual capnometry is however limited, and additional 
studies are needed which demonstrate the clinical utility 
of PslCO² monitoring and further refi nements in the 
technology are required to allow continuous as well as 
intermittent measurements.
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Legend for Figure 1.  

 The upstream end-points of resuscitation do not 
refl ect the severity of the microcirculatory injury nor 
the degree of tissue dysoxia. The downstream variables 
are markers of tissue perfusion and the adequacy of the 
resuscitation. The downstream “global” markers are less 
sensitive markers of tissue dysoxia and less responsive to 
change.
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FIGURE 1
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