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Jugular Venous Hemoglobin Desaturation during
Rewarming on Cardiopulmonary Bypass

What Does It Mean, What Does It Matter?

IN this issue of ANESTHESIOLOGY Hinel ef al.' add inter-
esting additional observations to the puzzling phenome-
non of cerebral venous hemoglobin desaturation that
occurs during the rewarming phase of cardiopulmonary
bypass (CPB). This phenomenon is puzzling because
(1) it is unclear whether it influences neurologic out-
come after cardiac surgery; and (2) the mechanisms
responsible for its occurrence are incompletely under-
stood. Hinel et al. found jugular venous desaturation
can be prevented by inducing mild hypercapnia
(Paco, =50 mmHg) during CPB rewarming. Because
brain oxygen consumption is not affected by such a
small difference in Pac,,, the greater jugular venous
saturation observed with hypercapnia was almost cer-
tainly a result of greater cerebral blood flow (CBF) (i.e.,
greater cerebral oxygen delivery).

Why not measure CBF during rewarming to confirm
this mechanism? The only methods currently available
to measure CBF during human CPB are radioactive xe-
non clearance and inert gas washout.” Both techniques
require at least 15 - 20 min to make a single CBF determi-
nation. Thus current clinical techniques do not have
sufficient temporal resolution to demonstrate rapid CBF
changes occurring during the rewarming phase of CPB.
Although transcranial Doppler can provide a continu-
ous measurement of cerebral blood flow velocity, two
studies have clearly shown that, during CPB, changes
in cerebral blood flow velocity do not correlate with
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changes in standard measures of CBF.** Thus clinical
studies of jugular venous desaturation during rewarm-
ing are necessarily limited and conclusions are inferen-
tial because, in the absence of reliable CBF measure-
ments, neither cerebral oxygen delivery nor cerebral
oxygen consumption can be measured.

A series of studies from the Duke group have assessed
the relationship between jugular venous desaturation
and postoperative neuropsychologic outcome.’ ® Their
first report found no association.” Two subsequent re-
ports, each derived from the same patient population,
indicated that greater jugular venous hemoglobin desat-
uration at completion of rewarming (specifically,
greater arteriovenous oxygen content difference) was
associated with a greater incidence of postoperative
cognitive deficits.”” Of note, patients who exhibited
marked jugular venous desaturation at completion of
rewarming tended to have lesser CBF, greater cerebral
metabolic rate for oxygen (CMR,,), and greater brain
oxygen extraction before the start of rewarming.® This
suggests patients who desaturated the most with re-
warming differed from the rest of the study population
before rewarming. Perhaps this preexisting difference
was responsible for their greater postoperative cogni-
tive impairment, not the jugular venous desaturation
per se. This hypothesis is supported by a recent study
by Goto et al’ These investigators observed patients
with greater abnormalities on preoperative brain mag-
netic resonance imaging (MRI) had greater degrees of
jugular venous desaturation with rewarming.” Thus pa-
tients with preexisting neurologic injury, even if sub-
clinical, may have a limitation of cerebral perfusion re-
serves (see below). Both conditions may predispose
to postoperative neuropsychological deficits. The most
recent report from the Duke group finds jugular venous
desaturation to have only a minor independent effect
on neuropsychological outcome when baseline neuro-
psychological status, educational level, and age are fac-
tored.” Thus marked jugular venous desaturation during
CPB rewarming may occur more commonly in patients
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with preexisting subclinical neurologic abnormalities
or abnormal cerebral perfusion reserves, but has only
a minor independent effect on neurologic outcome in
most patients.

If jugular venous saturation is an index of the relation-
ship between global brain oxygen consumption and
delivery, why does this relationship appear to ‘‘deterio-
rate”’ during CPB rewarming in virtually all patients, and
markedly in some? Our group proposed that jugular
venous desaturation could simply be the result of en-
hanced transfer of oxygen from warm (less oxygen avid)
hemoglobin to a cold (more oxygen avid) brain.'®"! This
proposal implies (1) that jugular venous desaturation
should be greatest when blood - brain temperature gra-
dients are greatest (usually at the start of rewarming),
and (2) anaerobic metabolism should not occur. Al-
though jugular bulb temperature is probably not a good
indicator of brain temperature during rewarming, Hinel
et al. convincingly demonstrate that maximum jugular
venous desaturation does not occur when blood - brain
temperature gradients are at their maximum, but rather
occurs more toward the end of rewarming, when
blood -brain temperature gradients are small." Other
human studies also show this pattern.'*"* In addition,
recent work by Sapire et al shows evidence of in-
creased brain lactate production coincident with maxi-
mal jugular venous desaturation in some patients."
Thus enhanced oxygen off-loading from hemoglobin
to brain does not adequately explain jugular venous
desaturation during clinical CPB, and it appears brain
oxygenation may be compromised in some patients.

The marked hemodilution used during CPB may be
partly responsible for compromised brain oxygenation.
Although hemodilution increases CBF, the increases in
CBF do not match the decrease in arterial oxygen con-
tent. As a result, brain oxygen extraction may need to
increase to maintain aerobic metabolism. For example,
in anesthetized normothermic dogs'* and rabbits,"
hemodilution from a hematocrit of 40% to 20% de-
creases cerebral venous hemoglobin saturation from its
normal value of =60% to 35-40%, whereas brain oxy-
gen consumption does not change. During human CPB,
decreases in jugular saturation with hemodilution and
onset of CPB are not so marked, and during hypother-
mic CPB, jugular venous saturation usually increases to
supranormal values (70-80%).'*'*'*'" During hypo-
thermic CPB, these supranormal jugular venous satura-
tions probably are the result of the combined effect of
decrease CMR,, and alterations in hemoglobin oxygen
affinity.'” With rewarming, these effects reverse, and
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jugular venous saturations would be expected to de-
crease back to normothermic hemodiluted values, as
they do. Jugular venous saturations at the end of CPB are
the same regardless of whether CPB was continuously
normothermic or hypothermic with terminal rewarm-
ing.”"l-

Although the normal brain tolerates marked hemodi-
lution well, brains with preexisting injury and limited
perfusion and extraction reserves may not. In penum-
bral regions, increases in CBF with hemodilution are
not as great as in normal brains.'® As a result, greater
than normal oxygen extraction is required to support
tissue oxygenation.'” This may account for Goto’s obser-
vation (discussed previously) that patients with preop-
erative MRI abnormalities had greater desaturation with
rewarming.’

If we prevent venous hemoglobin desaturation during
CPB rewarming using the technique described by Hinel
et al.,' will neuropsychological outcome be improved?
For most patients, probably not. However, there may
be a subset of patients in whom outcomes might be
improved on this basis. The challenge is to identify
those high- risk patients and do the study.

Bradley J. Hindman, M.D.
Department of Anesthesia
The University of Iowa
College of Medicine

Iowa City, Iowa 52242

References

1. Hanel F, von Knobelsdorff G, Werner C, Schulte am Esch J:
Hypercapnia prevents jugular bulb desaturation during rewarming
from hypothermic cardiopulmonary bypass. ANESTHESIOLOGY 1998:
89:19-23

2. Cook DJ, Anderson RE, Michenfelder JD, Oliver WC, Orszulak
TA, Daly RC, Bryce RD: Cerebral blood flow during cardiac opera-
tions: Comparison of Kety-Schmidt and xenon-133 clearance meth-
ods. Ann Thorac Surg 1995; 59:614 - 20

3. Weyland A, Stephan H, Kazmaier S, Weyland W, Schorn B,
Grune F, Sonntag H: Flow velocity measurements as an index of
cerebral blood flow. Validity of transcranial Doppler sonographic
monitoring during cardiac surgery. ANESTHESIOLOGY 1994; 81:1401 -
10

4. Nuttall GA, Cook DJ, Fulgham JR, Oliver WC, Proper JA: The
relationship between cerebral blood flow and transcranial doppler
blood flow velocity during hypothermic cardiopulmonary bypass in
adults. Anesth Analg 1996; 82:1146-51

5. Croughwell ND, Frasco P, Blumenthal JA, Leone BJ, White WD,
Reves JG: Warming during cardiopulmonary bypass is associated with
jugular bulb desaturation. Ann Thorac Surg 1992; 53:827-32

6. Croughwell ND, Newman MF, Blumenthal JA, White WD, Lewis

JB, Frasco PE, Smith LR, Thyrum EA, Hurwitz BJ, Leone BJ, Schell

202 Iudy 01 uo }sanb Aq Jpd°€0000-000.08661-27S0000/80.LEBE/E/1/68/4Pd-8[o1IE/ABO|OISBUISBUE/WOD JIBYIIBA|IS ZESE//:dY WO} papEojumoq




EDITORIAL VIEWS

RM, Reves JG: Jugular bulb saturation and cognitive dysfunction after
cardiopulmonary bypass. Ann Thorac Surg 1994; 58:1702-8

7. Newman MF, Croughwell ND, Blumenthal JA, White WD, Lewis
JB, Smith LR, Frasco P, Towner EA, Schell RM, Hurwitz BJ, Reves JG:
Effect of aging on cerebral autoregulation during cardiopulmonary
bypass. Association with postoperative cognitive dysfunction. Circu-
lation 1994; 90 [part 2]:11-243-9

8. Newman MF, Kramer D, Croughwell ND, Sanderson I, Blumen-
thal JA, White WD, Smith LR, Towner EA, Reves JG: Differential
age effects of mean arterial pressure and rewarming on cognitive
dysfunction after cardiac surgery. Anesth Analg 1995; 81:236-42

9. Goto T, Yoshitake A, Baba T, Shibata Y, Sakata R, Uozumi H
Cerebral ischemic disorders and cerebral oxygen balance during car-
diopulmonary bypass surgery: Preoperative evaluation using mag-
netic resonance imaging and angiography. Anesth Analg 1997; 84:5 -
11

10. Dexter F, Hindman BJ: Theoretical analysis of cerebral venous
oxygen saturation as an index of cerebral oxygenation during hypo-
thermic cardiopulmonary bypass: A counter-proposal to the “‘luxury
perfusion” hypothesis. ANESTHESIOLOGY 1995; 83:405-12

11. Enomoto S, Hindman BJ, Dexter F, Smith T, Cutkomp J: Rapid
rewarming causes an increase in the cerebral metabolic rate for oxy-
gen that is temporarily unmatched by cerebral blood flow. A study
during cardiopulmonary bypass in rabbits. ANESTHESIOLOGY 1996;
84:1392-400

Anesthesiology

1998; 89:5-7

© 1998 American Society of Anesthesiologists, Inc
Lippincott-Raven Publishers

12. Nakajima T, Kuro M, Hayashi Y, Kitaguchi K, Uchida O, Takaki
O: Clinical evaluation of cerebral oxygen balance during cardiopul-
monary bypass: On-line continuous monitoring of jugular venous
oxyhemoglobin saturation. Anesth Analg 1992; 74:630-5

13. Sapire KJ, Gopinath SP, Farhat G, Thakar DR, Gabrielli A, Jones
JW, Robertson CS, Chance B: Cerebral oxygenation during warming
after cardiopulmonary bypass. Crit Care Med 1997; 25:1655-62

14. Maruyama M, Shimoji K, Ichikawa T, Hashiba M, Naito E: The
effects of extreme hemodilutions on the autoregulation of cerebral
blood flow, electroencephalogram and cerebral metabolic rate of
oxygen in the dog. Stroke 1985; 16:675-9

15. Todd MM, Wu B, Maktabi M, Hindman BJ, Warner DS: Cerebral
blood flow and oxygen delivery during hypoxemia and anemia: The
role of arterial oxygen content. Am J Physiol 1994; 267:H2025-31

16. Cook DJ, Oliver WC, Orszulak TA, Daly RC: A prospective,
randomized comparison of cerebral venous oxygen saturation during
normothermic and hypothermic cardiopulmonary bypass. J Thorac
Cardiovasc Surg 1994; 107:1020-9

17. Cook DJ, Oliver WC, Orszulak TA, Daly RC, Bryce RD: Cardio-
pulmonary bypass temperature, hematocrit, and cerebral oxygen de-
livery in humans. Ann Thorac Surg 1995; 60:1671-7

18. Korosue K, Heros RC: Mechanism of cerebral blood flow aug-
mentation by anemia in rabbits. Stroke 1992; 23:1487-93

19. Dexter F, Hindman BJ: Effect of haemoglobin concentration
on brain oxygenation in focal stroke: A mathematical modelling study.
Br J Anaesth 1997; 79:346-51

Choice of a-stat or pH-stat Management and
Neurologic Outcomes after Cardiac Surgery

It Depends

IT has been slightly more than 10 years since Murkin et
al.' reported that pH-stat management results in greater
cerebral blood flow (CBF) during cardiopulmonary by-
pass (CPB) than does a-stat management. After this land-
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mark study, numerous animal and clinical studies have
addressed the question of which technique might be
best for the brain during cardiac surgery. It appears we
may now have the answer—it depends. In children
undergoing deep hypothermic circulatory arrest
(DHCA), pH-stat should be used. In adults undergoing
routine cardiac surgery, a-stat should be used. Why the
difference?

Two clinical studies, one retrospective’ and a recent
prospective randomized trial,> find better neurologic
outcome with pH-stat management in children undergo-
ing DHCA. In this issue of ANESTHESIOLOGY, Kurth ef al.*
provide important new insight into two mechanisms
by which pH-stat management may be helping the brain
during DHCA. First, their work shows that pH-stat man-
agement increases the rate of brain cooling, probably
on the basis of greater CBF with pH-stat. Although the
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