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Many patients in the end stage of chronic
renal disease are candidates for renal trans-
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plantation. Because of the uremic syndrome,
anesthesia for such patients may present diffi-
cult problems to the anesthesiologist. These
include anemia, severe hypertension, high car-
diac output, fluid and electrolyte imbalance,
congestive heart failure, hypertensive encepha-
lopathy with convulsions, retinal hemorrhage,
pulmonary edema, and pericarditis.»* Con-
siderable attention has been focused on the
anesthetic management of uremic patients.>*

Tapte 1. Mean Hemodynamic and Arterial Blood-Gas Values before and 3, 10, and 30 Minutes
after Glueagon, 5 mg, in Five Patients with Chronic Renal Failure
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* NS = no significant change from control,
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In contrast to traditional agents, neurolept-
anesthesia or dissociative agents may have
merit because of their ability to block selec-
tively those pathways or areas in the central
nervous system involved in pain conduction
and perception.®* For this reason, the hemo-
dynamic effects of ketamine in uremic patients
were studied. Also, because of current inter-
est in the use of glucagon in cardiac insufli-
ciency,$-1* hemodynamic measurements were
made in uremic patients given this drug. We
were struck by the similarity between the he-
modynamic effects of glucagon and ketamine.

MATERIALS AND METHODS

Twelve patients in advanced stages of
chronic renal failure from several causes were
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studied on the day following dialysis. Pa-
tients were fasting and not premedicated.
Using local anesthesia, catheters of fine bore
were inserted percutaneously into the right
ventricle and brachial artery. Samples of ar-
terial and right ventricular blood were placed
in an ice slush and analyzed within 20 min-
utes for pH and blood gases, using a Radi-
ometer pH meter equipped with O, and CO.
electrodes. Cardiac output (CO) was mea-
sured by an indicator-dilution method using
indocyanine green, a Gilson densitometer, and
a Lexington computer. Arterial and right ven-
tricular pressures were measured with appro-
priate directly-calibrated Statham transducers.
Lead II of the electrocardiogram was recorded.

After control measurements, ketamine, 2

Tasut 2. Mean Hemodynamic and Arterial Blood-Gas Values before and 5, 10, and 30 Minutes
after 2 mg 'kg Ketamine in 12 Patients with Chronic Renal Failure
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* N8 = no significant change from control.
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GLUCAGON 5mg I.V.
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KETAMINE 2mg/kg LV.
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Changes in mean arterial pressure (MAP), heart rate (HR), cardiac output (CO), right

ventricular systolic pressure (RVSF), and right ventricular end-diastolic pressure (RVEDP) following
glucagon, 5 mg 1V, and ketamine, 2 mg/kg IV, in patients with end-stage renal disease.

mg/kg, was injected into the right ventricle
of each patient, and the measurements were
repeated after 3, 10, and 30 minutes. Five
other patients in renal failure were similarly
studied after introduction of glucagon, 5 mg,
into the right ventricle. Statistical treatment
of the data consisted of calculation of mean
values, standard errors of the means, and self-
paired differences.t

RESULTS

Patients in end stages of chronic renal fail-
ure characteristically have elevated cardiac
output (CO), mean arterial pressure (MAP),
right ventricular systolic pressure (RVSP).
and right ventricular end-diastolic pressure
(RVEDP). Total peripheral resistance (TPR)
is within the normal range.1% 1¢ Our patients
had these characteristics (see control values in
tables 1 and 2).

Alter glucagon was injected into the right
ventricle, CO, MAP, and RVEDP attained
peak values at 5 minutes (table 1, fig. 1).
HR and RVSP increased to a peak at about
10 minutes. There was no statistically signifi-
cant change in TPR. No arrhythmias were ob-
served. Following injection of ketamine into
the right ventricle, CO, RVSP, MAP, and HR
increased and peaked at 5 minutes (table 2,
fig. 1). There were no statistically significant
changes in TPR or RVEDP. The mean values
for stroke volume computed from mean HR
and mean CO did not change after either
drug.

In both groups Pag,’s greater than 80 mm
Hg were well within the normal range for
healthy adults breathing air,’® and they did
not change following administration of either
drug. In both groups, Paco.’s between 33 and
37 mm Hg were at the low end of the normal
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range,’® and did not change during the 30-
minute period of observation. Arterial pH re-
flected the metabolic acidosis which is charac-
teristic of severe renal disease and was unal-
tered by either drug. No respiratory depres-
sion was observed after either drug.

DiscussioN

The hemodynamic effects of bolus injections
of glucagon ® 1% 13 and ketamine 1*-*! intrave-
nously, into pulmonary artery, or into the
right heart in healthy adults are comparable
and transient. Typically, MAP, CO, and HR
all increase after either drug. Similar re-
sponses were observed in our patients with
advanced renal disease.

There may be a number of possible expla-
nations for the stimulating effects of ketamine,
a direct cardiovascular depressant drug,** on
CO, MAP, and HR in the usual clinical doses.
These include excitation of the vasomotor cen-
ter of the medulla and depression of the baro-
receptor reflexes.>* This cardiac stimulation
may be decreased by alpha-adrenergic block-
ing agents.®* Pretreatment with a ganglionic
blocking agent (hexamethonium)=# produced
no change in MAP and HR when ketamine
was given to dogs. The pressor response to
ketamine, which may be mediated by the
sympathetic nervous system, is not abolished
by the use of beta-adrenergic blockade {(pro-
pranolol) in dogs.**

The mechanism of action of glucagon ®1°-13
may resemble that of the natural catechol-
amines. Recent evidence has shown activa-
tion of adenyl cyclase and an increase in cyclic
AMP levels of the heart.3 While this may be
true in a non-failing heart, cyclic AMP may
not be increased in the failing heart muscle
preparation, and the effectiveness of glucagon
is then diminished.!*-12-*¢ One group, inject-
ing 3 to 5 mg of glucagon as a bolus, found
no change in LVEDP and only a modest in-
crease in HR.? We noted a significant chrono-
tropic effect with either glucagon or ketamine,
accompanied by increased CO. Some investi-
gators consider glucagon a potent inotropic
agent. = The slight increase in RVEDP fol-
lowing glucagon in our patients is not ex-
pected with an inotropic drug. This change
in RVEDP points to the Frank-Starling mecha-
nism as contributing to the increased CO.
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There may be an associated increase in stroke
work as well, because changes of RVEDP as
small as 1 em H.O can result in increases of
right ventricular stroke work (RVSW).=®

We found no significant change in TPR,
while others* > have reported a decrease in
TPR. In our hemodynamic results with gl-
cagon, we did not see the disparity shown by
others in the degrees of inotropic responses,
which apparently is related to both the func-
tional severity and the type of heart dis-
ease.lt-2*  No studies regarding catechol-
amine release following either glucagon or
ketamine have been published. Our observed
low values of Paco, seem to preclude sym-
pathoadrenal discharge due to hypercarbia.®®
Further biochemical and metabolic studies are
needed to help clarify the mechanisms of ac-
tion of both drugs.
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Anesthetic Management of Lobectomy for Massive
Pulmonary Hemorrhage

HarorLp Carrox, M.D.,

Massive pulmonary hemorrhage may neces-
sitate emergency thoracotomy as a life-saving
measure. In such a situation, anesthetic man-
agement is of critical importance for the pa-
tient’s survival.

Report OF a CASE

A 6l-vear-old Caucasian woman was admitted
for the third time for hemoptysis. On previous
admissions, blood losses had been minimal and
had been self-limiting with conservative treatment.
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tion May 22, 1972,

anp Susax Hior, M.D.

Bronchoscopy and sputum and x-ray studies re-
vealed old cavitary tuberculosis of the right upper
lobe as the source of bleeding. On the current
admission, hemorrhage was massive, causing acute
respiratory distress. In the four hours preceding
operation, 1,300 ml of blood were expectorated.
Blood—gas analysis revealed Po. 61 torr, Peo: 35
torr, and pH 7.34; hematocrit was 33 per cent.
Because of failure of the bleeding to abate and in-
creasing respiratory distress, emergency pulmonary
lobectomy was scheduled.

The patient, orthopneic and apprehensive, was
brought to the operating room at 10:00 pa. Dur-
ing insertion of additional intravenous catheters
and application of monitoring devices, the patient
had continuous hemoptysis of more than 600 ml
in a l0-minute period. Although tracheostomy
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