Clinical Reports
RONALD D. MILLER, M.D., Editor

Anesthesiology
53:64-67, 1980

Succinylcholine-induced Hyperkalemia in Patients with Ruptured Cerebral Aneurysms

NaoruMmr Iwatsuki, M.D., Pu.D.,* Naoaki Kuroba, M.D.,t KEISUKE AMAHA, M.D., Pu.D.,i
KeNicHI IwaTsuki, M.D.,, Pu.D.§

Succinylcholine (SCh)-induced hyperkalemia has
been reported to occur in patients with severe burns?,
massive trauma,®?® spinal-cord injury, and some
neuromuscular diseases.® The hyperkalemic response
has also been seen in patients with cerebral damage
due to cerebral vascular accidents,’ increased cerebral
pressure,®” and encephalitis.®

We were interested in determining whether the
damage to the central nervous system caused by a
rupture of a cerebral aneurysm initiates the SCh-
induced hyperkalemic reaction. Accordingly, the
changes in serum potassium following administration
of SCh were examined in patients with cerebral
aneurysms during the induction of anesthesia for
repair of the aneurysms.

MATERIALS AND METHODS

Twenty-two patients (ten male, 12 female) under-
going general anesthesia for repair of cerebral
aneurysms were included in this study. Ages of the
patients ranged from 33 to 67 years, and body weights
from 45 to 80 kg (58.8 = 8.4 kg, mean = SD). Inseven
patients loss of consciousness lasted more than an hour
after the attack (major attacks; Patients 4, 11, 12, 13,
15, 16, and 19 in table 1). In three patients loss of
consciousness lasted less than an hour (moderate
attacks; Patients 1, 2, and 6), while in 12 patients con-
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TasLe 1. Serum Potassium (K*) Values of All Patients

Min after Injection of SCh
0 1 3 5 10 Maximum
Highest K* + AK*
Femoral Venous Blood K* (mEqg/l) (mEq/l) (mEg/l)

Patient 1 3.9 | 10.0 57| 54| 4.6 10.0 6.1
Patient 2 35| 4747 |4414.1 4.7 1.2
Patient 3 36| 3.9 (42 )43 4.1 4.3 0.7
Patient4 | 4.2 | 4.5 44|43 | 4.5 4.5 0.3
Patient 5 [ 3.6 | 3.7 (3.9 4.1 | 4.1 4.1 0.5
Patient 6 39 92171]63 |48 9.2 5.3
Patient 7 | 4.3 | 4.3 |48 |46 | 4.5 4.8 0.5
Patient 8 4.6 | 4.4 | 54 | 5.0 | 4.6 5.4 0.8
Patient9 |38 | 6.3 |56 |50 |45 63 2.5
Patient 10 | 3.3 | 3.6 | 3.7 | 3.6 | 3.7 3.7 0.4
Patient 11 | 46 | 4.7 | 4.9 | 5.1 | 5.1 5.1 0.5
Patient 12 [ 3.8 | 3.8 | 4.2 | 4.2 | 3.9 4.2 0.4
Patient 13 [ 36 | 3.6 | 3.6 | 4.0 | 3.8 4.0 0.4
Patient 14 | 4.1 4.1 [ 6.7 | 6.1 | 5.0 6.7 2.6
Patient 15 | 4.6 | 4.7 | 52 | 5.2 | 5.2 52 0.6
Patient 16 | 3.5 36 (52148 |44 5.2 1.7
Patient 17 | 4.0 | 4.1 [ 4.3 | 4.3 | 4.2 4.3 0.2
Patient 18 [ 3.6 | 3.7 | 38 ] 3.9 | 3.9 3.9 0.3
Patient 19 | 3.6 | 5.4 | 5.6 | 5.0 | 4.2 5.6 2.0
Patient 20 | 4.0 | 4.0 [ 4.3 | 4.4 | 4.7 47 0.7
Patient 21 | 4.1 44 (44 147 |48 4.8 0.7
Patient 22 | 3.5 58 [ 5.0 | 4.7 | 4.3 5.8 2.3

MEAN 3.9 4.8 148 [ 4.7 | 4.4 5.3 1.4

SD 0.1 04 (02 ]0.1]0.1 0.3 0.3

sciousness was unchanged (minor attacks). Hemiple-
gia persisted until the day of operation in Patients 4,
11, 15, and 16; durations of hemiplegia were 6, 7, 10,
and 1 day(s), respectively. Patient 19 had had hemi-
plegia for 96 days, but it abated seven days prior to
operation. Patients 1 and 2 experienced muscle weak-
ness of the lower extremities persisting only on the
day of the attack. The exact durations of bed rest of
these patients after attacks are unknown, but there was
no noticeable loss of weight or muscle atrophy. Those
patients who had minor attacks showed no neuromus-
cular disorder, and were performing regular daily
work after a few days of bed rest.
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Fic. 1. Time course of changes in serum K*
values (AKY) after injection of succinylcholine
(SCh). The AK* values of eight patients whose maxi- .3
mum AK* values were more than +1.0 mEq/l are
described individually, and those of other 14
patients are expressed by mean x SE, +2

+1

Every patient was premedicated with 0.5 mgatropine
and 35-50 mg meperidine an hour prior to induction
of anesthesia. Anesthesia was induced with 6 mg/kg
thiopental, and the trachea intubated following injec-
tion of SCh, 80 mg, iv. Then halothane, 0.5-1.0 per
cent, with 30-50 per cent N,O was given for main-
tenance with controlled ventilation. Blood for meas-
urement of potassium (K*) was sampled from the
femoral vein prior to and 1, 3, 5, and 10 min after
SCh injection. Arterial blood gases were analyzed 3—-5
min after injection of SCh: pH was 7.53 x 0.06, and
Pace, was 25.2 £ 6.7 torr (mean + SD). Lead I or II
of the ECG was continuously monitored on an oscillo-
scope.

RESULTS

Serum K* values of more than 6 mEq/l were ob-
served in four patients, and increases (AK*) to more

F
Pre 1 3 5 10
Minutes After SCh

than 1.0 mEq/l were found in eight patients, after
injection of SCh (table 1). The increases in AK*
reached the maximum 1-3 min and returned to
normal 10 min after SCh injection (fig. 1). The relation
between AK* and the number of days from an attack
of cerebral aneurysm to operation is shown in figure 2.
In the four cases in which serum K* rose above 6
mEq/l, this interval was ten to 50 days. Fifty per cent
(6/12) of the patients within this interval of ten to 50
days had AK* values of more than 1.0 mEq/l. No rela-
tionship was observed between AK* and the severity of
loss of consciousness or the presence of motor nerve
paralysis (fig. 3,4 and B). Neither was elevation of
AK* related to the dose of SCh expressed per kg body
weight (fg. 3C).

Extreme fasciculation or contracture were not ob-
served following injection of SCh in any patient. ECG
monitoring showed no obvious change in rhythm or
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configuration even in those patients with high K*
values. Cardiovascular collapse did not occur in any
patient during this study.

DiscussioN

This study demonstrates a hyperkalemic reaction
following administration of SCh in patients who have
had subarachnoid hemorrhage due to ruptured cere-
bral aneurysms. It is a striking feature that these
reactions were observed even in patients without
motor nerve disturbance, and this observation is
contradictory to previous reports which described
hyperkalemia related to cerebral lesions as being asso-
ciated with upper motor neuron lesions.”™8

The mechanisms responsible for SCh-induced
hyperkalemia in our patients are not clear. Hyper-
sensitization of skeletal muscle to the effects of SCh
by denervation*®® has been suggested in other re-
ports, and damage of the basement membrane of
muscle®® has also been suggested. Muscle atrophy is
also considered to be a contributing factor in the SCh-
induced hyperkalemic reaction.”!” These mechanisms
do not suitably explain the reactions in our patients,
especially those with only minor attacks. Acidemia has
been associated with increased serum K*,!'! but in this
study all patients were rather alkalemic when the
hyperkalemic reaction occurred. The relationship
between SCh-induced hyperkalemia and the time
interval from the attack to operation suggests a vul-
nerable period, lasting 10 to 50 days, in these patients.
The other common factor that may relate to the
hyperkalemic response in this study is subarachnoid
hemorrhage, because patients who have brain lesions
not associated with bleeding into the cerebrospinal

4 50 60 70 80
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fluid (such as ischemic brain disease and brain tumors)
have a very low incidence of hyperkalemic reactions to
SCh. None of ten patients without hemiplegia and
only one of ten with hemiplegia showed this effect
(unpublished data). However, the possible association
of subarachnoid hemorrhage with a hyperkalemic
reaction is a subject for future study.

That cardiovascular collapse was not observed in
this study suggests that the use of SCh is relatively
safe. In fact, we have used SCh for cerebral aneurysm
repair in about 1,000 cases without major cardiovas-
cular complications. However, since we realized that
SCh might induce hyperkalemia, we have paid close
attention to use of SCh for patients with cerebral
aneurysms, especially during the ten to 50 days after
hemorrhage.

In summary, SCh-induced hyperkalemia may occur
in patients with ruptured cerebral aneurysms inde-
pendently of the presence of motor nerve disturbance.
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Alteration of Hemoglobin Measurement by Fiuorescein

ArnoLD J. BERrY, M.D.,* ALFRED SoMBOUN YIN, B.S.,7 WaLTER J. Hovt, B.S.%

Sodium fluorescein is an orange-red, water-soluble
dye that emits a green fluorescence when exposed to
ultraviolet light. The dye can be used to evaluate the
adequacy of tissue blood flow and tissue viability.'~?
When administered intravenously, fluorescein readily
diffuses from the capillaries and is rapidly distributed
throughout the extracellular fluid.* To determine
tissue viability, the area in question is observed for
Auorescence under ultraviolet light after intravenous
injection of fluorescein.

We observed that hemoglobin concentration, as
measured by the OSM2 Hemoximeter®,§ was falsely
elevated in a patient who received fluorescein intra-
operatively. The following case report demonstrates
the apparent increase in hemoglobin concentration
after fluorescein. An evaluation of the accuracy of
hemoglobin measurements in blood samples contain-
ing fluorescein is also presented.

REPORT OF A CASE

A 79-year-old woman was scheduled for a radical neck dis-
section, hemiglossectomy, and pectoral myocutaneous pedicle flap
for treatment of squamous-cell carcinoma of the tongue. After
insertion of intravenous and radial-artery catheters, anesthesia was
induced with morphine and diazepam. The trachea was intubated
and anesthesia was maintained with enflurane, nitrous oxide, and
oxygen. After induction, hemoglobin was 12.3 g/dl as measured
by the OSM2 Hemoximeter. During the surgical procedure, a
blood loss of about 250 ml was replaced with lactated Ringer's
solution. Immediately prior to the administration of fluorescein,
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1 g, iv, hemoglobin was 12.0 g/dl. The perfusion of the tissue
flap was assessed 15 minutes later and, although no bload had been
transfused, the hemoglobin concentration in a sample taken at
this time was reported to be 15.0 g/dl. The hematocrit of the same
blood specimen was 35 per cent. Additional hematocrit determina-
tions during the remainder of the operation and with the patient
in the recovery room showed no change.

METHODS

To assess the effect of sodium fluorescein on hemo-
globin concentration as measured by the OSM2
Hemoximeter, various amounts of fluorescein sodiumf
were added to 10-ml aliquots of blood by use of a
micropipette. All blood came from one well-mixed
unit of human blood in citrate~phosphate—-dextrose
solution. The maximum volume of fluorescein added
to the 10-ml samples was 0.08 ml. All measurements
were made on two samples in duplicate, and the four
hemoglobin values obtained were averaged. Similar
measurements of hemoglobin were made using the
282 Co-oximeter **

REsuLTS

The hemoglobin concentration of the blood without
fluorescein was 11.1 g/dl. The hemoglobin concentra-
tions measured with the OSM2 Hemoximeter after
the addition of fluorescein are shown in figure 1. As
the concentration of fluorescein in the blood was in-
creased, the hemoglobin concentration as measured
by the OSM2 Hemoximeter increased linearly. When
fluorescein (100 mg/ml) without blood was injected
into the OSM2 Hemoximeter, a hemoglobin concen-

tration of 47.9 g/dl was reported. When hemoglobin

concentrations were measured with the 282 Co-oxim-
eter there was no change after the addition of
fluorescein dye to the sample.
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