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which tissue entrapment of two different-sized microspheres was
compared. This criticism is without merit. The method of direct
venous collection might be considered superior on two grounds: (1)
It avoids the necessity to assume that the larger microspheres are
completely trapped; and (2) It permits a determination of the size
distribution of the microspheres that are shunted (and therefore of
the arteriovenous pathways traversed). Second, Park et al. are not
correct when they infer that shunted microspheres necessarily in-
dicate flow that has passed through “‘nonnutritive’” vessels. When a
microsphere is shunted, it means only that the microsphere has passed
through an arteriovenous vessel with a larger diameter than it. In the
absence of more information, it is not possible to distinguish whether
the shunted microsphere passed through a direct arteriovenous
“nonnutritive’ anastamosis or through a distended capillary
In conclusion, when hemodynamic conditions are controlled in

vivo, isoflurane consistently causes an increase in CBF, accompanied
by a reduction in oxygen extraction.** These are classic signs of
pharmacologic dilation of coronary resistance vessels. It remains to
be determined whether the isoflurane-induced constriction of small
coronary arteries demonstrated by Park et al. in vitro is a phenomenon
unique to their preparation or whether it has more wide-ranging
application
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In Reply

VASOCONSIrCtion of resistance Coronary arterics is a Pf(‘l).lﬂlll()ll de

Although Crystal questions whether isoflurane-induced

pendent phenomenon without wide-ranging application, we have
gathered multiples pieces of evidence to the contrary. First, this phe
nomenon has been observed in four different species—namely, rab

bits,'

rats,’ pigs,’ and human right atrial appendage arteries® (fig. 1)
However, the effect of isoflurane depends on vessel size, and isoflurane
dilates large epicardial arteries.'* Second, isoflurane has been ob
served to attenuate Jadrenergic, cAMP-mediated vasodilation® in re
sistance coronary arteries. Third, in the same preparation, another
anesthetic, halothane,” does not elicit constriction, but dilation, of
resistance coronary arteries. We submit that the weight of evidence
favors that the direct effect of isoflurane on small resistance coronary
arteries (~ 100 um) is constriction but depends on preexposure

toOnNe

" Unpublished observation
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Fig. 1. Percent change from baseline diameter versus concen-
tration of isoflurane for resistance coronary arteries from four
species. Data are presented as mean + SD. Isoflurane caused
concentration-dependent constriction of resistance coronary
arteries in all four species (P < 0.05 for each).
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The apparent discrepancy between our 7n vitro findings of isoflu-
rane-induced constriction of resistance coronary arteries and multiple
in vivo studies suggestive of isoflurane-mediated dilation of resistance

56
coronary arteries’

)

has been discussed extensively in our papers.'?
We will not reiterate this here. In vivo studies such as by Crystal et
al.> measure changes in myocardial blood flow (MBF ) as a surrogate
for small resistance artery vasomotion. Merely measuring changes in
MBF does not indicate the vascular site of isoflurane-mediated effect.
An increase in MBF may represent dilation of small resistance coronary
arteries, dilation of larger arteries, and/or increase in nonnutritive
shunting. A mild to modest increase in MBF that is reported in most
in vivo studies (The studies by Crystal’s group are an exception in
this regard in that they report a nearly maximal increase in MBF with
isoflurane.) can be explained easily without invoking primary dilation
of resistance coronary arteries. Dilation of large arteries, which is
reported to occur in both our preparation’* and that of others,” will
have a magnified effect on flow because of flow-mediated release of
nitric oxide,® and the vascular resistance will decrease more than
would be predicted just based on diameter changes of the large ves-
sels. Alternatively, an increase in coronary shunting will yield an
increase in MBF even without dilation of resistance coronary arteries

Two representative microsphere studies that addressed coronary
shunting with isoflurane anesthesia are those of Crystal et al.’> and
Gelman et al.” Unlike the impression Crystal received, our intention?
was not to compare the relative merits of the two studies and declare
one superior to the other. Our intention was to point out the uncer-
tainty of ascertaining the degree of shunting with microsphere meth-
ods. Various sources of error in measuring regional blood flows with
radioactive microspheres reduce precision of estimate (Z.e., large
SDs and P value) but do not lead to a systematic over- or underesti-
mation of mean flow.'"'" In addition, venous sampling of micro-
spheres, as was done by Crystal et al.,’ has been demonstrated to
underestimate the amount of shunting, compared with direct tissue
sampling.'?

In the canine circulation, studied by Crystal et al.’> and Gelman et
al.,” the diameter of the capillaries is 3-8 um."" Gelman et al.® im-
plied that entrapment of 9-um microspheres represents nutritive flow
through the capillaries, and entrapment of 15-um microspheres rep-
resents nutritive and nonnutritive flow, and therefore, the difference
in flows measured represents shunted flow through arteriovenous
anastomoses of approximately 10-15 pum. They noted a threefold
increase in shunting under 2 MAC isoflurane anesthesia, although
this increase did not achieve statistical significance. As Crystal seems
to imply in his letter, Gelman et al.’s methods may ignore any shunts
greater than approximately 15 pm

In conclusion, our finding of direct vasoconstrictive effect of iso-
flurane on resistance coronary arteries appears a real phenomenon
that has been observed in four species. It is unique to isoflurane
among the anesthetics thus far examined and largely depends on the
tone of the vessels. How this finding should be reconciled with 7n
vivo increases in myocardial blood flow with isoflurane awaits further
work.

Anesthesiology, V 84, No 6, Jun 1996

Kyung W. Park, M.D.

Instructor in Anaesthesia

Harvard Medical School

Edward Lowenstein, M.D.

Professor of Anaesthesia, Harvard Medical School
Anesthetist-in-chief, Beth Israel Hospital
Frank W. Sellke, M.D.

Associate Professor of Surgery

Harvard Medical School

Beth Israel Hospital

330 Brookline Avenue

Boston, Massachusetts 02215

:dpy wouy papeojumod

References

1. Park KW, Dai HB, Lowenstein E, Darvish A, Sellke FW: Het-
erogeneous vasomotor responses of rabbit coronary microvessels tc

1SSUB/LI0D"JIBYSISA|IS ZESE//

isoflurane. ANESTHESIOLOGY 1994; 81:1190-7

2. Park KW, Dai HB, Lowenstein E, Sellke FW: Vasomotor responses
of rat coronary arteries to isoflurane and halothane depend on preex-
posure tone and vessel size. ANESTHESIOLOGY 1995; 83:1323-30

3. Park KW, Dai HB, Lowenstein E, Sellke FW: Comparison of!
direct vasomotor effect of isoflurane in normal and collateral-depen
dent coronary microvessels in pigs (abstract). Anesth Analg 1996;
82:SCA126

4. Park KW, Dai HB, Lowenstein E, Darvish A, Sellke FW: Isoflurane
attenuates cAMP-mediated vasodilation in rat microvessels. Circu-
lation 1995; 92(suppl 2):11423-7

5. Crystal GJ, Kim S-J, Czinn EA, Salem MR, Abdel-Latif M: Intra-
coronary isoflurane causes marked vasodilation in canine hearts.
ANESTHESIOLOGY 1991; 74:757-65

6. Hickey RF, Cason BA, Shubayev I: Regional vasodilating prop-
erties of isoflurane in normal swine myocardium. ANESTHESIOLOGY
1994; 80:574-81

0IS8

Boj

66-2¥S0000/L5S06€/L151/9/8/4Pd-8jo1Ie/A

Nakamura K, Toda H, Hatano Y, Mori K: Comparison of theS
direct effects of sevoflurane, isoflurane and halothane on isolulcdg
canine coronary arteries. Can J Anaesth 1993; 40:257-61

8. Melkumyants AM, Balashov SA, Khayutin VM: Control of arterial
lumen by shear stress on endothelium. News Physiol Sci 1995; 10:
204-10

9. Gelman S, Fowler KC, Smith LR: Regional blood flow durings
isoflurane and halothane anesthesia. Anesth Analg 1984; (75:55’—(753

10. Buckberg GD, Luck JC, Payne DB, Hoffman JIE, Archie JP.;
Fixler DE: Some sources of error in measuring regional blood flow.Z
with radioactive microspheres. ] Appl Physiol 1971; 31:598-604 é

11. Domenech RJ, Hoffman JIE, Noble MIM, Saunders KB, Henson R

G€000-0

6 Aq ypd

JR, Subijanto S: Total and regional coronary blood flow measured by

radioactive microspheres in conscious and anesthetized dogs. Circ
Res 1969; 25:581-96

12. Fan FC, Schuessler GB, Chen RYZ, Chen S: Determinations of
blood flow and shunting of 9 and 15 um spheres in regional beds.
Am J Physiol 1979; 237:H25-33

(Accepted for publication February 28, 1996.)



