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tissues is bound to hemoglobin and to be exhaled via
Carbon monoxide is hypothesized to be produced the lungs (3, 5). This implies a high CO content of the

by the enzyme heme oxygenase predominantly in central venous blood as compared to the arterial blood.
liver and spleen, bound to hemoglobin, and excreted However a reciprocal relationship of arterial (aCOHb)
by the lungs. Thus, venous carboxyhemoglobin is ex- and central venous (vCOHb) carboxyhemoglobin frac-pected to be higher or equal to arterial carboxy- tion was incidentally observed in blood of critically illhemoglobin. Unspecific inflammatory stimuli have

patients sampled for routine blood gas analysis per-been shown to induce heme oxygenase in lung tissue
formed by oximetry. In addition, carboxyhemoglobinpossibly leading to pulmonary carbon monoxide pro-
fractions seemed to increased in critical illness. There-duction. Arterial and central venous carboxyhemo-
fore, we systematically studied arterial and central ve-globin levels were measured in critically ill patients
nous carboxyhemoglobin fractions in healthy subjectson the third day of ICU stay (n Å 59) as well as in
and critically ill patients. In case, critical illness is asso-otherwise healthy humans prior to orthopedic sur-
ciated with systemic production of CO, the right atrialgery (n Å 29). Arterial and central venous carboxy-
carboxyhemoglobin fraction (vCOHb) should be higherhemoglobin were higher in ICU patients than in
than or equal to the arterial carboxyhemoglobin frac-healthy humans, respectively. In both groups, arte-

rial carboxyhemoglobin was significantly higher tion (aCOHb). In case HO-1 expressed in the lungs
than central venous carboxyhemoglobin. The arterio- produces large amounts of CO, aCOHb may be higher
venous carboxyhemoglobin differences were similar than vCOHb.
in both groups. The data suggest (a) increased CO-gen-
eration in critical illness and (b) pulmonary CO-pro- METHODS
duction in healthy and critically ill humans. q 1998
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man; lung; critical illness. We measured aCOHb and vCOHb in critically ill patients (n Å 59)
on their third day in the intensive care unit (ICU). This time period
was chosen to allow HO-1 to be expressed in response to the noxious
stimuli responsible for the life threatening condition of the patients.
Otherwise healthy humans (n Å 29) prior to orthopedic surgery
served as controls (CTRL). Arterial and right atrial blood was sam-Heme oxygenase (HO) is the rate limiting enzyme of
pled anaerobically in heparinized tubes (Sarstedt, Nümbrecht, Ger-endogenous carbon monoxide production. HO activity
many). The samples were immediately analyzed by a blood gas ana-is high in systemic organs like liver, bone marrow and
lyzer/oximeter (ABL 620; Radiometer AB, Copenhagen, Denmark).

spleen (5). Recent experimental work emphasized that The results are expressed as mean { standard error of the mean.
the inducible isoform heme oxygenase-1 (HO-1) may The data were analyzed using Student’s t-test for unpaired data and

paired data (between group comparison and within group compari-also be expressed in lung tissue in response to oxidant
son, respectively). Significance was accepted at p õ 0.05.stress (2). The functional significance of HO/HO-1 and

their product carbon monoxide in health and disease
is not completely understood: It has been speculated RESULTS
that CO, similar to nitric oxide, may play a role in the
regulation of cell function and communication (5). In both groups, aCOHb was significantly higher than

vCOHb suggesting pulmonary production of CO (Fig.According to current knowledge, CO generated in the
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FIG. 1. a COHb, arterial carboxyhemoglobin; v COHb, central
venous carboxyhemoglobin; a-v COHb, arterio-venous carboxyhemo-
globin difference. ICU, critically ill patients; CTRL, healthy humans.

FIG. 3. The arterial carboxyhemoglobin fraction (a COHb) of the*p õ 0.05 ICU vs. CTRL, #p õ 0.05 v COHb vs. a COHb.
ICU patients is plotted against the corresponding inspiratory oxygen
fraction (FiO2). The variables are not significantly correlated (p Å
0.06, r2 Å 0.05).

1). Both, aCOHb as well as vCOHb, were significantly
higher in the ICU patients. However, the arterio-ve-

carboxyhemoglobin fraction in the central venous bloodnous COHb difference was comparable between the
is lower than in the arterial blood.groups (Fig. 1). The correlation between the arterio-

A positive arterio-venous carboxyhemoglobin differ-venous oxyhemoglobin difference and the arterio-ve-
ence was observed in both groups suggesting pulmo-nous carboxyhemoglobin difference, although signifi-
nary production of carbon monoxide. The arterial-ve-cant, was very weak (r2 Å 0.08, Fig. 2).
nous gradient of COHb necessitates loss of CO during
passage through the systemic vascular bed. Spontane-DISCUSSION
ous conversion of COHb to oxyhemoglobin has a slow
reaction kinetic, and thus, can not be the cause of arte-The present study has two major findings: First, car-
rio-venous COHb difference. Due to systemic CO pro-boxyhemoglobin levels were higher in critically ill pa-
duction, the arterio-venous gradient of COHb actuallytients as compared to healthy subjects. Second, in
underestimates the amount of COHb which has to behealthy humans as well as in critically ill patients, the
metabolized or converted in the systemic circulation.
We determined cardiac index and arterial and mixed
venous COHb fraction in additional eight ICU patients
with a pulmonary artery catheter in place. Minimal
systemic consumption of CO was estimated to be 60
mL/h per m2 body surface area, which is far more than
the physiological production of 0.4 mL/h previously cal-
culated (5). The site of COHb metabolism is unknown.
The distribution of exogenous radioactive CO has sug-
gested the transfer of CO to extravascular spaces, e.g.
the liver, but failed to detect significant conversion of
exogenous CO to CO2 (6).

The conclusions are based on the assumption that
COHb determined by oximetry reflects CO content of
the blood. Since the arterio-venous COHb difference
showed only a very weak correlation to the arterio-
venous O2Hb difference alteration of the COHb dissoci-
ation curve caused by changes in O2Hb does not explain
the observed arterio-venous COHb difference.

FIG. 2. The arterio-venous carboxyhemoglobin difference (a-v The results are further supported by a previous re-COHb) is plotted against the corresponding arteriovenous oxyhemo-
port of an arterio-venous difference of CO tension (0.07globin difference (a-v O2Hb). Despite statistical significance (p õ

0.05) the correlation is very weak (r2 Å 0.08). mmHg and 0.03 mmHg in the arterial and venous
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blood, respectively) (1). Likewise, in a heterogeneous The present study confirms the hypothesis, that in-
population of patients with suspected CO poisoning, creased CO production caused by HO-1 induction takes
the mean arterio-venous COHb difference was 0.15 %, place in critical illness. The functional relevance of this
but did not reach statistical significance (7). pathway is not clear. Whether COHb may serve as a

The data presented are not completely compatible marker of severity of illness and whether manipulation
with current knowledge. They suggest pulmonary pro- of the HO-1/CO-pathway may offer any therapeutic op-
duction and systemic metabolism of CO. The amount tion, has to be investigated in further studies.
of CO metabolized in this pathway is estimated to be
about tenfold higher than previously assumed. REFERENCES
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