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Introduction: Normally, systemic oxygen con-
sumption (VO,) is not altered by changes in sys-
temic oxygen~ (0,) delivery, except at very lo
levels of 0. defivery (D0,). However, in ARDS,
and below & critical thfeshold in anesthetized
man,”~ VO, does appear to be flow-limited. The
relationgaip between regional O, consumption and
delivery has not been studied In critically ill
patients. We performed studies of cerebral blood
flow (CBF) and the cerebral metabolic rate for O
(CMRO, ) in six critically ill patients to determine
whethér systematic changes in cerebral oxygen
delivery (CD02) would produce corresponding changes
in CMRO,.

Methods: After approval by the Clinical
Research Practices Committee, written consent was
obtained. CBF was determined by the clearance of
intravenous 133Xenon (133Xe) measured by 16 gamma
detectors. End-tidal 133Xe concentration was
measured to correct for recirculation. CBF was
calculated by the CBF technique, corrected for
temperature and hematocrit. Mean global CBF was
determined by averaging CBF from all detectors. In
each patient a right jugular bulb catheter was
placed. An initial measurement of CBF was then
made. After this, CBF was increased or decreased
so that CMRO, was calculated for each patient at a
lower and higher CDO., (CBF CaOz). CBF was altered
by increasing or é%creasing PaCO., by changing
mechanical ventilatory rate so as to result in the
safest change in systemic pH. CBF measurement was
repeated 30 minutes after changing the ventilatory
rate, One minute after injection of 133Xe, sys-
temic blood pressure was recorded, and samples were
drawn for measurement of arterial and jugular
venous partial pressures of 0, and carbon dioxide,
0, saturation (SaOz, Sjv0.), “and hemoglobin (Hb).
Ffom these data “were calculated arterial and
jugular venous 0, contents (CaOz, Cjv0.), arterio-
venous 0, contént difference “(Ca-jv 02), CMRO2
(CBF Ca-jvD0O,), and CDO,. Mean CMRO, and“CDO, data
were comparéd using paired two-tailed ¢t %ests,
significant at p<.05.

Results: At a mean lower CDO, of 3.8%1.8 (SD)
ml/100g/min, CMRO, was 1.2%0.6 m%/lOOg/min. At a
mean higher CDO, of 5.1%#2.5 ml/100g/min, CMRO, was
1.4%¥0.9 ml1l/100g/min. While the difference in”CDO
was significant, the difference in CMRO, was not.
Mean arterial pressure, Sa0,, hemoglobin, and
temperature were not significantly different
between data points. Before CDO, was experimen-
tally altered, CDO. averaged 4.45&.9 ml/100g/min,
and CMRO, averaged 1.3%0.5 ml/100g/min (normal:
CDO, = 710 m1/100g/min; CMRO, = 3-3.5 ml/100g/
min;. The figure shows data for six subjects, two
of whom were studied on two different days.
Patients 1, 2, and 3 were septic, and patients 4,
5, and 6 had closed head injuries without intra-
cranial hypertension. Triangles indicate CDO2 and
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CMRO, obtained before alteration of CDO,. Circles
indicate CDO2 and CMRO2 obtained after "alteration
of CDO,.

DiScussion: O, consumption is not normally
limited by 0. delivery, except at very low levels
of 0, delivery. Changes in O, consumption, sys-
temi¢" or cerebral, are primaty determinants of
systemic or cerebral blood flow. In some criti-
cally ill patients this relationship is abnormal,
and oxygen delivery becomes a primary determinant
of oxygen consumption. In this series of criti-
cally i1l patients, changes in CDO, did not change
CMROZ. Before experimental alteration of CDO.,
both”CDO,, and CMRO, were approximately half normai.
The failure of CFMRO, to change in response to
alteration of (DO, stuggests that reduced utiliza-
tion was not dug to a primary CBF reduction.
Efforts to improve CMRO,, and inferentially neuro-
logic outcome, by increasing CDO., may be ineffec-
tive in some critically ill patients. However, in
two of the head-injured patients, an increase in
CDO, increased CMRO,. In such cases an increase in
CBF“could be beneficial, or hyperventilation could
further impair O, utilization. More studies are
needed to define “subsets of patients in which an
increase in CDO, produces an increase in CMRO,. It
is also necessdty to determine the most efféctive
means of increasing CDO,, and to determine whether
this improves neurological outcome.
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