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Phenylephrine and Inhaled Nitric Oxide

To the Editor: — Having read the study of Doering et al." with great
interest and because of our experience of using phenylephrine (PhE)
and inhaled nitric oxide (NO) in experimental conditions® and in-
haled NO in patients,” we would like to moderate the conclusions
of the authors' and of the accompanying editorial® and propose a
different hypothesis.

In the introduction, Doering et al.' report that ‘‘Phenylephrine,
an a-receptor agonist, has pulmonary and systemic vasoconstrictor
effects,” referring to the review of Dawson.” In this particular
article,” the pulmonary vasoconstriction in response to sympa-
thetic stimulation concerns mainly the use of norepinephrine, epi-
nephrine, and electrical stimulation (not PhE) in precise species,
i.e., dog, cat, and rabbit. However, species differences have been
reported in the noradrenergic innervation of the pulmonary artery
and its branches.® The sheep, guinea-pig, rabbit, feline, and canine
pulmonary arteries have a rich density of @-adrenergic receptors,
whereas calf, rat, and swine pulmonary arteries have a sparse distri-
bution.” Because the pig has a cardiopulmonary physiology, phar-
macology, and anatomy comparable in many respects to that of
humans,® we studied the mechanism of PhE-induced pulmonary
hypertension in swine. During the experiment,” the pulmonary
vascular resistance (PVR) did not change, in agreement with the
heterogenous,’ sparse, or nonexistent® a-adrenergic innervation
of the swine pulmonary resistance vessels. In humans, controversy
exists concerning the effects of a-adrenergic agonists on the pul-
monary vascular bed.'” In healthy humans, if the pressor response
to acute hypoxia arose from an increased PVR, the pressor re-
sponse to norepinephrine infusion is translated primarily into
“back pressure’’ from the left side of the heart (i.e., without an
increase in PVR).'' Results were almost identical in patients with
pulmonary hypertension.'* Finally, humans and pigs present the
same intermediate magnitude of vasoconstrictor response to acute
hypoxia'® by the so-called phenomenon of hypoxic pulmonary
vasoconstriction (HPV)."?

PhE induced no change in heart rate, cardiac output (CO), PVR,
and venous admixture (Qy,/Qy) in acute respiratory distress syn-
drome (ARDS) patients' and experimental pigs.” We noted, particu-
larly in the selected group of PhE-responders, an increase in pulmo-
nary artery pressure (mPAP from 30 = 2 mmHg to 32 = 2 mmHg)
and a statistically nonsignificant increase in pulmonary artery oc-
clusion pressure by PhE (from 13 = 1 mmHg to 16 + 2 mmHg).'
These results correlate well with the increases in mean pulmonary
arterial pressure, pulmonary artery occlusion pressure, left atrial
pressure (LAP), and central venous pressure (CVP) that we ob-
served with PhE in healthy pigs.” Here' measurements of central
venous pressure were recorded but not shown. Because of these
results, it seems difficult to call PhE “an intravenous pulmonary
vasoconstrictor,”” and it would be better to consider the mecha-
nism of PhE action not only as a potentialization of hypoxic pulmo-
nary vasoconstriction,"* but also as a reduced compliance of left
ventricular filling induced by the increased systemic afterload,
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which is passively reflected on the pulmonary vascular bed. This
hypothesis, in relation with the high variability in the presence of
a-adrenergic receptors on human pulmonary arteries, would bring
an element of response to ‘‘the reasons why some but not all
patients respond to PhE.”" These latter have necessitated higher
doses of PhE for the same level of increase in mean systemic arterial
blood pressure (mABP) than the PhE-responders. Was this in rela-
tion with their sepsis status associated with high production of
NO making them less sensitive to catecholamines? In our study of
healthy pigs,” PhE did not affect gas exchange parameters. In the
study of Doering et al.' with ARDS patients, PhE increased oxygen-
ation in some patients and showed an evident synergistic effect
with inhaled NO in this parameter.

The authors' opted for a definition of NO-responders (increase
> 10 mmHg in Pa,, ), which is not frequently found in the literature
(4 times in 19 publications), as recently reviewed by our group.'®
Using a 10-mmHg increase in Pa(,_, as the limit allowed the authors
to sequence the data in two equal (n = 6) groups of PhE responders
and PhE nonresponders. However, most of the authors accept as
a criterion for NO responder an increase in hypoxia score (Pan_y/
Fio) of more than 20%."* '° In this instance, the authors' would
not obtain a rate of 11 per 12 and 6 per 12 for NO and PhE
responders, but probably of 7 per 12 and 2 per 12, respectively,
as estimated from Fig. 1.

Inhaled NO seemed to be acting on oxygenation by the classic
steal phenomenon, described in the literature for ARDS patients,'*
for the PhE nonresponders but not for the PhE responders (no
effect on mean pulmonary arterial pressure, PVR, cardiac output,
pulmonary artery occlusion pressure, and venous admixture [Qy,/
Qr]). We observed that cardiac output tended to increase in these
patients, partially explaining the improved oxygenation, as also
observed with concomitant use of inhaled NO and permissive hy-
percapnia.'’

The statistical analysis was confusing (with the use of two types
of statistical analyses, 7.e., parametric and nonparametric, for differ-
ent variables), and the results obtained were not homogeneous
(statistical significance observed for mean systemic arterial blood
pressure with PhE alone but not for PhE plus inhaled NO in tables
2 and 3 of the article by Doering et al., even if the differences and
variabilities were similar in both conditions). We agree with the
authors’ prudence about the limited power of their statistical analy-
Sis.

Even if the authors' were prudent about the weight given to
their results, it is true that the presented analysis has many short-
comings. Finally, its association with such an editorial,” based on
future, positive possibilities of concomitant therapy with inhaled
NO and PhE, looked quite dangerous because we are not con-
vinced by the ability of PhE to (1) increase oxygenation in ARDS
patients; (2) convert inhaled NO nonresponders to NO responders;
and (3) improve the outcome of ARDS patients in synergism with
inhaled NO, particularly because of the drawbacks of the study'
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and also because it was not focused on the potential side effects
of the a-adrenergic vasoconstrictor, such as splanchnic vascular
beds. After completion of the study,' did the patients continue to
receive both treatments (PhE plus inhaled NO), which resulted in
a survival rate of 33.3%?
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In Reply:—Thank you for the opportunity to respond to the
thoughtful letter of Drs. Troncy and Blaise regarding our study.' They
raise a number of valuable points as follows.

First, with regard to the effect of phenylephrine on the pulmo-
nary vasculature, modeling of experimental data suggest that it is
a result of direct vasoconstriction of small pulmonary arteries and
effective enhancement of hypoxic pulmonary vasoconstriction.?
As Drs. Troncy and Blaise point out, experimental data are scarce;
most studies use epinephrine and norephinephrine, not phenyl-
ephrine, to explore adrenergic effects.>* Data from cats do identify
an a-l-adrenergic effect of phenylephrine injected directly into

Anesthesiology, V 89, No 2, Aug 1998

7. Hebb C: Motor innervation of the pulmonary blood vessels of

mammals, The Pulmonary Circulation and Interstitial Space. Edited
by Fishman AP, Hecht HH. Chicago, University of Chicago Press,
1969, pp 195-217

8. Dodds WJ: The pig model for biomedical research. Fed Proc
1982; 41:247-56

9. Zellers TM, Vanhoutte PM: Heterogeneity of endothelium-de-
pendent and independent responses among large and small porcine
pulmonary arteries. Pulm Pharmacol 1989: 2:201-8

10. Rich S, Braunwald E, Grossman W: Pulmonary hypertension
(Chapter 25), Heart Disease — A Textbook of Cardiovascular Medi-
cine, 5th Edition. Edited by Braunwald E. Philadelphia, W.B. Saunders
Company, 1997, pp 780-806

11. Goldring RM, Turino GM, Cohen G, Jameson AG, Bass BG.,
Fishman AP: The catecholamines in the pulmonary arterial pressor
response to acute hypoxia. J Clin Invest 1962; 41:1211-21

12. Rich S, Gubin S, Hart K: The effects of phenylephrine on right
ventricular performance in patients with pulmonary hypertension.
Chest 1990; 98:1102-6

13. Fishman AP: The enigma of hypoxic pulmonary vasoconstric-
tion, The Pulmonary Circulation: Normal and Abnormal. Edited by
Fishman AP. Philadelphia, University of Pennsylvania Press, 1990, PP
109-29

14. Troncy E, Francceur M, Blaise G: Inhaled nitric oxide: Clinical
applications, indications, and toxicology. Can J Anaesth 1997:
44:973-88

15. Dellinger RP, Zimmerman JL, Hyers TM, Taylor RW, Straube
RC, Hauser DL, Damask MC, Davis K Jr, Criner GJ: Inhaled nitric
oxide in ARDS: Preliminary results of a multicenter clinical trial (ab-
stract). Crit Care Med 1996; 24:A29

16. Manktelow C, Bigatello LM, Hess D, Hurford WE: Physiologic
determinants of the response to inhaled nitric oxide in patients with
acute respiratory distress syndrome. ANESTHESIOLOGY 1997; 87:297 -
307

17. Puybasset L, Stewart TE, Rouby J-J, Cluzel P, Mourgeon E, Belin
MF, Arthaud M, Landault C, Viars P: Inhaled nitric oxide reverses
the increase in pulmonary vascular resistance induced by permissive
hypercapnia in patients with ARDS. ANESTHESIOLOGY 1994; 80:1254 -
67

(Accepted for publication April 7, 1998.)

the pulmonary arterial circulation.” However, we agree that extrap-
olations from one species to another regarding mechanisms are
necessarily speculative.

Second, we note that the definition of “‘response’ to treatment has
evolved during the years. Our definition of “‘responders’ (increase in
Pa0O, > 10 mmHg) matched a criterion used by early researchers®; a
ratio-based criterion (increase in PaO, = 20%) is now more com-
monly in use.” In all of our “nitric oxide responders,”’ PaO, increased
by at least 20%. In five of our six “phenylephrine responders,” PaO,
increased by 17-42% (mean 27%, median 25%). In the sixth patient,
Pa0O, increased by only 13%. By contrast, in our ‘‘phenylephrine
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