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Skin Blood Flow and Plasma Catecholamines during Removal
of Pheochromocytoma
Tadakazu Sakuragi, M.D.,* lku Okamoto, M.D.,T Tomoko Fujiki, M.D., ¥ Kenjiro Dan, M.D.§

PREOPERATIVE a-adrenergic blockade is thought to re-
duce perioperative morbidity of patients undergoing
removal of pheochromocytoma.‘ In addition, S-adrener-
gic blockade is also used to control tachycardia and
dysrhythmias. However, a sudden decrease in plasma
catecholamine concentrations after removal of the tu-
mor often results in marked hypotension."Z No clinical
measure that reflects and monitors rapid changes oc-
curring in plasma levels of catecholamines during ma-
nipulation of pheochromocytoma has been available
yet, except for the measurement of blood pressure that
reflects changes in systemic vascular resistance. There-
fore, rapid fluid infusion under careful cardiovascular
monitoring, immediately after ligation of adrenal veins
or at removal of the tumor, has been recognized as the
treatment of choice for this hypotension.“*

In a search for a measure that may correlate with
rapidly changing plasma levels of catecholamine, we
measured blood pressure, skin blood flow (SBF), and
plasma catecholamine concentrations in three patients
undergoing removal of pheochromocytoma. Skin blood
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flow in the first toe, measured by laser Doppler flowme-
try, more closely followed rapid changes in plasma cate-
cholamine concentrations than did blood pressure.

Case Reports

Case 1

A 50-yr-old, 47-kg man with a 3-month history of headache, nausea,
palpitation, hypertension, renal failure secondary to glomerulone-
phritis, and an episode of cerebral hemorrhage was referred to us.
The 24-h urinary catecholamines and the metabolites levels were
markedly increased (table 1). Computed axial tomography showed
a left adrenal mass of 5.0 cm in diameter, confirming the diagnosis
of pheochromocytoma. The patient received 7 mg doxazosin mesi-
late, 1.5 mg prazosin hydrochloride, and 50 mg atenolol orally for 3
weeks before the operation.

Premedication consisted of 100 mg pentobarbitol orally; 10 mg
diazepam orally; and 0.3 mg scopolamine subcutaneously. After can-
nulation of a peripheral vein, a radial artery, and the pulmonary
artery, an epidural catheter was inserted through the T9-T10 in-
terspace, and T3- L1 analgesia was achieved 5 min after injection of
15 ml of 2% mepivacaine. Anesthesia was induced with 100 ug fen-
tanyl, 10 mg midazolam, and 200 mg thiopental, intravenously. Tra-
cheal intubation was facilitated by vecuronium. Anesthesia was main-
tained with 66% nitrous oxide in oxygen, fentanyl, and epidural mepi-
vacaine. Prostaglandin E, was titrated intravenously to maintain
systolic arterial pressure between 100 and 130 mmHg. Skin blood
flow was monitored at the tip of the right first toe by a laser Doppler
flowmeter (ADVANCE, ALF-2100, Tokyo, Japan). The probe, with
optic fiber separation of 0.7 mm, Was$ secured to the toe, using
double-faced adhesive tapc.

Blood pressure (BP) and heart rate increased to 220-250/120-125
mmHg and 130 beats per minute, respectively, during manipulation
and tachycardia were treated by increas-
rostaglandin E,, boluses of 0.2-0.4 mg
2 mg phentolamine. Immediately before
removal of the tumor, prostaglandin E, was discontinued, and 11
dextran-40 was infused rapidly. However, BP decreased to 80/00
and then stabilized near 100/70 mmHg. No vasoactive drugs
ated at 640 ml, and blood was not

of the tumor. Hypertension
ing the infusion rat¢ of p
propanol, and boluses of 1-

mmHg
were used. Blood loss was estim
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Table 1. Preoperative Laboratory Data

24-h Urinary
Case No. M (mag) NM (mg) VMA (mg) E (19) N (p9) BP (mmHg)
1 Q15 21.9 32.2 135/80
(0.05-0.23) (0.07-0.26) (1.5-7.5)
2 300 469 140/85
(<12) (<90)
3 21 220 140/75

Values in parentheses are normal ranges.
M = metanephrine; NM = normetanephrine; VMA = vanillyl-mandelic acid;
treatment.

transfused. The postoperative course was uneventful. The diagnosis
was confirmed histologically

Skin blood flow decreased from 9-12 ml/100 g tissue/min to 3 -
5 ml during tumor manipulation. Skin blood flow increased promptly
after each intravenous bolus of phentolamine. Ligation of veins drain-
ing the adrenal gland resulted in some increase in SBF. Within 1 min
after removal of the tumor, SBF increased rapidly, from 6-8 ml to
14 - 17 ml, then continued to increase during the rest of the operation
(fig. 1). There were relations between plasma norepinephrine con-
centration and SBF, as well as BP (SBF = —16.8 X norepinephrine
[log ng/ml] + 28.7, r = —0.95, P = 0.0002 [fig. 2] and mean BP
[mmHg] = 110 X norepinephrine [log ng/ml] — 23, r = 0.80, P <
0.001).

Case 2

A 42-yrold, 46-kg woman with a 6-month history of headache,
nausea and vomiting, excessive sweating, palpitation, and hyperten-
sion was scheduled for removal of pheochromocytoma. Plasma and
24-h urinary epinephrine and norepinephrine levels were markedly
increased. Computed axial tomography showed a right adrenal mass
of 3.0 cm in diameter. The patient had been given 2 mg bunazosin
hydrochloride orally for 7 weeks before admission.

Anesthetic management was essentially identical to that in case 1.
Skin blood flow was measured at the right first toe. Blood loss was
estimated at 318 ml. Vasoactive drugs were not administered. Blood
was not transfused. The postoperative course was uneventful. The
diagnosis was confirmed histologically.

There were relations between SBF and plasma norepinephrine and

E
E
33
o H During tumor manipulation
o= 2
o PPP P P PP PP
8% 4 +
8 ‘M__-;J\A.A‘-A,_N
£8
az ©
E 4 min

Fig. 1. Changes in skin blood flow in the great toe, measured
by laser Doppler flowmetry, during and after removal of pheo-
chromocytoma. P = intravenous phentolamine. Arrow indi-
cates the time when the tumor was removed completely.

Anesthesiology, V 85, No 6, Dec 1996

E = epinephrine; N =

norepinephrine; BP preoperative blood pressure after

epinephrine (=9.8 > norepinephrine [log ng/ml] + 25.0. 1 = —0.95,
P < 0.0001 and —9.8 X epinephrine [log ng/ml] + 22.8. 1 = —0.94,
P < 0.0001) (fig. 2). The relation of mean BP to plasma norepineph-

rine was 44 X norepinephrine (log ng/mb + 47, r = 0.84. P = 0.006

Case 3

A G4-yrold, 56kg woman with a 3-yr history of headache and
palpitation was scheduled for removal of pheochromocytoma. The
24-h urinary catecholamines level was increased. Computed axial
tomography showed a right adrenal mass of 3.0 ¢cm in diameter and
a cyst in the left kidney of 2.5 c¢m in diameter. The patient had
received 1 mg prazosin hydrochloride orally three times a day for 2
weeks.

Anesthesia management was similar to the previous two cases. An
SBF probe was secured to the left first toe. Blood loss was estimated
at 1,249 ml. Erythrocytes were transfused. Vasoactive drugs were not
used. The procedures performed were removal of right adrenal mass.
left radical nephrectomy, and dissection of retroperitoneal lymph
nodes. The postoperative course was uneventful. The diagnoses of
pheochromocytoma and renal cell carcinoma were confirmed histo-
logically.

There were relations between SBF and plasma catecholamines
(—15.2 X norepinephrine [log ng/ml] + 31.5, r = —0.98, P = 0.0014
and —18.5 X epinephrine [log ng/ml] + 21.2, r = —0.98, P = 0.0007)
(fig. 2). There was no relation between mean BP and plasma norepi-
nephrine (mean BP = 28 X norepinephrine [log ng/ml] + 82, 1 =
0.54, P = 0.3917).

Discussion

We found that SBF in the first toe increased after
epidural block; markedly decreased during manipula-
tion of pheochromocytoma; increased, although tran-
siently, with administration of phentolamine; and in-
creased again after removal of the tumor in all three
patients. The SBF increase that followed the removal
of pheochromocytoma lasted until the operation was
completed. The SBF responses to these interventions
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Fig. 2. Relations between skin blood flow in the great toe mea-
sured by Doppler flowmetry and plasma norepinephrine con-
centration during operation.

were rapid. Plasma norepinephrine concentrations
from blood samples withdrawn before and after epi-
dural block, immediately before phentolamine adminis-
tration, and after removal of the tumor correlated more
closely with SBF than with mean blood pressure in all
patients.

The vascular anatomy of the skin in the fingers and

toes is characterized by a highly developed system of

arteriovenous anastomoses that regulate body tempera-
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ture.>® Surface skin temperature of the finger has been
shown to correlate with total digital blood flow.° It was
shown that laser Doppler flowmetry, using a probe with
an optic fiber separation between the exciting and re-
ceiving fibers of 0.3 mm, detects capillary flow primarily
in the outer 0.6-0.8 mm of the skin, but not blood flow
through arteriovenous anastomoses located in deeper
layers of the skin. However, Hirata et al.” showed that
a probe with optic fiber separation of 0.7 mm can detect
blood flow through both the capillaries and arteriove-
nous anastomoses in the outer 1.2 mm of the skin. In
their study, a close correlation (r = 0.919) was found
between blood flow in the human finger measured by
venous occlusion plethysmography and that measured
by laser Doppler flowmetry with an optic fiber separa-
tion of 0.7 mm.” Because the probe used in our patients
had an optic fiber separation of 0.7 mm, the values
obtained in our patients may have reflected blood flow
through capillaries and arteriovenous anastomoses in
the skin of the toe.

Blood flow through arteriovenous anastomoses ranges
from negligible to 80% of the total flow.® The diameter of
arteriovenous anastomoses may be 10 pum at vasoconstric-
tion but 100 um at vasodilation, and blood flow through
a unit length of an arteriovenous anastomosis with a diame-
ter of 100 um at vasodilatation is estimated to be 10,000
times greater than that through a capillary of 10 um in
diameter.” Subsequently, lijima and Tagawa'’ showed that,
in the rabbit's ear, thick-walled intermediate sections of
arteriovenous anastomoses had dense adrenergic innerva-
tion: small arteries and arterial segments had moderate ad-
renergic innervation; and small veins and venous segments
had only a few innervations. The increase in the total SBF
in the toe that occurred soon after epidural block in our
patients suggests that the increase was due largely to dilata-
tion of arteriovenous anastomoscs secondary to sympa-
thetic nerve blockade.'"'* The marked decrease in the total
SBF in the toe observed during manipulation of the tumor
was interrupted by phentolamine. The decrease in the
blood flow during tumor manipulation and the rapid in-
crease in SBF after removal of the tumor were inversely
and linearly related to the plasma norepinephrine levels in
all patients and to the epinephrine levels in two patients.

Our finding suggests that the changes in SBF, measured
in the big toe of our patients under epidural anesthesia,
appear to reflect the changes in circulating catecholamine
concentrations. Skin blood flow measurement may be a
useful marker for the changes that occur in the concentra-
tions of plasma catecholamines during removal of pheo-
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chromocytoma, and may indicate more correctly the com-
plete removal of the tumor than does blood pressure.

The authors thank Dr. K. Tsueda, Department of Anesthesiology,
School of Medicine, University of Louisville, for help in the revision,
and Patricia Bensinger, for preparation of the manuscript.

References

1. Desmonts JM, Le Houelleur J, Remond P, Duvaldestin P: Anaes-
thetic management of patients with phacochromocytoma. Br ] An-
aesth 1977; 49:991-8

2. 7Zakowski M, Kaufman B, Berguson P, Tissot M, Yarmush L,
Turndorf H: Esmolol use during resection of pheochromocytoma:
Report of three cases. ANESTHESIOLOGY 1989; 70:875-7

3. Desmonts JM, Marty J: Anaesthetic management of patients with
phaeochromocytoma. Br J Anaesth 1984 56:781-9

4. Hull CJ: Phacochromocytoma: Diagnosis, preoperative prepara-
tion and anaesthetic management. Br J Anaesth 1980; 58:1453-068

Anesthesiology

1996; 85:1488-91

© 1996 American Society of Anesthesiologists, Inc.
Lippincott-Raven Publishers

5. Grant RT, Bland EF: Observations on arteriovenous anastomoses
in human skin and in the bird’s foot with special reference to the
reaction to cold. Heart 1931; 15:385-407

6. Coffman JD: Total and nutritional blood flow in the finger. Clin
Sci 1972; 42:243-50

7. Hirata K, Nagasaka T, Noda Y: Partitional measurement of capil-

lary and arteriovenous anastomotic blood flow in the human finger

by laser-Doppler-flowmeter. Eur ] Appl Physiol 1988; 57:616-21

8 Rubinstein EH, Sessler DI: Skin-surface temperature gradients
correlate with fingertip blood flow in humans. ANESTHESIOLOGY 1990;
73:541-5

9. Sherman JL: Normal arteriovenous anastomoses. Medicine 1963;
42:247-67

10. Iijima T, Tagawa T: Adrenergic and cholinergic innervation of
the arteriovenous anastomosis in the rabbit’s ear. Anat Rec 1976;
185:373-9

11. Sessler DI, Olofsson CI, Rubinstein EH: The thermoregulatory
threshold in humans during nitrous oxide-fentanyl anesthesia. ANEs-
THESIOLOGY 1988; 69:357 - 064

12. Spence RJ, Rhodes BA, Wagner HN: Regulation of arteriove-
nous anastomotic and capillary blood flow in the dog leg. Am ] Physiol

1972; 222:326-32

Asystole during Temporomandibular Joint Arthrotomy
Timothy E. Morey, M.D.,* David G. Bjoraker, M.D.t

MOST anesthesiologists are aware that compression of
the eye or traction on the extraocular muscles can cause
oculocardiac reflex. Perhaps less well known is that
noxious stimulation of trigeminal divisions other than
the ophthalmic division (V,) can also trigger life-threat-
ening dysrhythmia and asystole. We present a case of
asystole after stimulation of the mandibular division of
the trigeminal nerve (V3).
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Case Report

A 41-yr-old woman was scheduled for left temp<)mmundihulur joint
(TM)) arthrotomy. Previously, she had undergone tonsillectomy, ade-
noidectomy, and foot surgery, all with general anesthesia and without
any known complication. Her only medication was ibuprofen, as
necessary, for headache and preauricular pain.

Preoperative vital signs were: blood pressure of 125/50 mmHg,
pulse of 72 beats - min ', oral temperature of 36.4°C, and respiratory
rate of 18 breaths - min~'. Physical examination revealed an obese
woman who weighed 111 kg and was 150 c¢m tall. She had healthy
teeth, a 28-mm mandibular opening, a normal-appearing jaw, clear
lungs, unremarkable heart sounds, and normal cranial nerve function
and extremity strength. Hematocrit was 35%. Electrocardiogram dem-
f)nstratcd normal sinus rhythm at 67 beats-min ', normal axis and
intervals, and no dysrhythmias.

Preoperatively, the patient was extremely anxious, and wept. She
?vas reassured, and 5 mg midazolam and 100 pg fentanyl were admin-
istered in divided doses. Four percent lidocaine with '1:1(,)(),()()() epi-
n.ephrinc was administered as an aerosol into both nares. Intraoperd-
tive monitoring included continuous electrocardiogram (limb lead 111
‘f“d precordial lead V), blood pressure, temper;m;rc. chest ausculta-
tion by esophageal stethoscope, pulse oximetry, and respiratory gas
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