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Succinylcholine-induced Hyperkalemia in Patients
with Renal Failure?

Ronald D. Miller, M.D.,* Walter L. Way, M.D.,i William K. Hamilton, M.D_%
Robert B. Layzer, M.D.§

The effect of succinylcholine, 1 mg/kg, iv, on
serum potassium was studied in ten patients with-
out and ten patients with renal failure. Increases
in serum p after inylcholine in pa-
tients with renal failure were not significantly dif-
ferent from those in patients without renal failure.
The largest increase was 0.7 mEq/l. Absence of

lobinemia, myoglobinuria, and large increases
in serum creatine phosphokinase activity suggest
that there was no significant skeletal muscle dam-
age. We Jude that inylcholine in this
dose is not contraindicated in patients with renal
failure in the absence of uremic neuropathy.
(Key words: Succinylcholis lobin; Hyper-
kalemia; Renal failure.)
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TRANSIENT MILD HYPERKALEMIA is known to
occur in man following administration of suc-
cinylcholine (SCh).:.2 Larger increases in
serum potassium leading to serious cardiac
arrhythmias have occurred in patients with
burns,® extensive soft-tissue trauma,* and some
neuromuscular diseases.> Recently, Powell®
and Roth et al.7 stated that depolarizing mus-
cle relaxants are absolutely contraindicated in
the presence of renal failure even in patients
with normal preoperative serum potassium lev-
els. This opinion was based on experience
with one patient with renal failure who de-
veloped several short runs of ventricular tachy-
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cardia and peaked T waves on the electrocarg
diogram following SCh administration.®
though laboratory confirmation was lackings
Roth et al. attributed these arrhythmias to hyg
perkalemia.? 3
We have administered SCh to more thai
350 patients with renal failure severe enougﬁi
to necessitate renal transplantation and havd
not observed serious cardiac arrhythmias. Sineg
it is common practice for us to administer de
tubocurarine or gallamine before SCh, these
agents might have prevented the hyperkalemiaé
The purpose of this study was to determing
whether SCh increased serum potassium moré
in patients with renal failure than patien
with normal kidney function. In additionS
evidence of skeletal muscle damage was sought)
by measuring myoglobin levels in blood and?
urine and increases in blood creatine phosphof
kinase levels; all of these have been reportecE
following SCh.%? Myoglobin released fronR
damaged skeletal muscle may be deposited S
the convoluted tubules of the kidney and®
cause renal damage.’®>™* This would be parcgn
ticularly undesirable in a patient about to res
ceive a kidney transplant. Our results indig
cate that SCh produces minimal changes iy
serum potassium levels, with no skeletal muss
cle damage, and that these changes are ncé
greater in patients with renal failure than ing
those without renal failure.

s

Methods

Twenty patients undergoing general anes=
thesia were studied. Ten patients 21 to 58
vears old had no history of renal disease and®
were scheduled for intra-abdominal operationsS
The remaining ten patients, 20 to 49 years old,3
had renal failure and were to undergo renaly
transplantation. The latter patients showed no~
evidence of uremic neuropathy. Despite re-Q
cent dialysis, preoperative mean serum potas-"
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TagLe 1. Serum Potassium (mEq/l} and Creatinine (mg/100 ml) of g

Patients with Renal Failure B

2

Post-succinylcholine )

Preoperative Pre- Minutesafter Injection Maximum Chandg:

Serum C: Ichols (mEq/l) 3

B3 5 7 10 3

s

Patient 1 9.1 14 19 19 — 49 +05 B
Patient 2 9.3 13 44 1.9 145 44 406
Patient 3 9.7 16 1.6 — 14 4.6 -02 g
Patient 4 11.3 5.3 54 5.3 5.3 5.2 +02 N
Patient 5 15.6 5.6 5.9 5.8 5.8 5.8 +03 2
Patient 6 178 4.7 1.9 18 18 48 +02 S
Patient 7 10.1 16 14 1.2 42 1.2 -04 D
Patient § 8.0 47 1.8 138 49 5.1 +04 o
Patient 9 20.8 6.6 6.0 6.8 6.5 6.1 +02 S
Patient 10 14.0 5. 6.0 5.5 5.7 5.6 +06 &
)

D

Mean 12,6 5.0 5.0 5.2 5.1 5.1 +024 &
sD 429 0.71 0.59 0.76 077 | 062 045 3
<)

Q

<
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TabLE 2. Serum Potassium Values (mEq/1) of C_ontml Patients g

D

Tost Icholine Minutes after . Eﬁ

Fre chol (mEa/h) &

2 5 T 10 %

Patient 1 4.0 4.0 2 4.2 4.1 +02 @
Patient 2 3.8 3.7 3.8 3.8 38 -01 2
Patient 3 41 14 4.3 .2 3.9 +03 N
Patient 4 3.9 3.8 1.1 4.0 4.0 +02 =
Patient 5 3.3 3.5 3.5 3.4 3.9 +06 &
5

Patient 6 35 3.7 3.9 3.6 3.6 +04 S
Patient 7 28 3.0 _ 3.1 29 +0.3 a
Patient § 4.1 3.2 3.8 3.8 1.0 -09
Patieat 9 1.0 4.0 11 3.9 10 +0.1 3
Patient 10 3.7 12 1.4 4.1 1.2 +07
N

Mean 3.7 3.6 4.0 3.8 3.8 +018 g
SD 0.42 0.43 0.28 0.36 0.37 030 8
S

<

o

sium level was 5.0 = 0.71 (SD) mEq/] (range
4.3 to 6.6), and serum creatinine was 12.6 =
4.29 mg/100 ml (range 8.0 to 20.8). All pa-
tients were premedicated with either barbitu-
rate or opiate and atropine or scopolamine.
Following preoxygenation and administration
of thiopental, 3-5 mg/kg, and SCh, 1 mg/kg,
iv, the trachea was intubated. Anesthesia was
maintained with nitrous oxide (60-70 per
cent) and fiuroxene or halothane. No non-
depolarizing muscle relaxants were given. No
additional doses of SCh were necessary. All

patients undergoing renal transplantation werex
monitored with an electrocardiograph. Twe2
samples of venous blood were drawn befor@
administration of SCh, and further samplesh
were drawn 2, 5, 7, and 10 minutes after SChS
administration. Serum potassium values were
determined in duplicate with a flame photome>
ter. Serum creatine phosphokinase (CPK)=:
levels were determined 1* before and 24 andd
48 hours after operation (normal range 5 toX
60 IU/1). The plasma was tested for myo-

globin before and 5, 10, and 15 minutes after
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TanLe 3. Pre- and Postoperutive Creatine Phosphokinase (CPK) Levels (IU/I)
]
Number of ‘ Hours Postoperative g
“Patients F >
Studied 2 8 g
@
Patients without renal failure 10 41.2 £ 35.2% 203.1 & 158.3 1011 £356 3
5 to 1051 40 to 567 40 to 210 3
=
Patients with renal failure 10 68.5 = 103.4 202.9 = 100.1 155.6 & 101.7 &
15 to 330 43 to 404 40 to 270 'm:.
£
* <+ 8. T Range. :
2
@
5
=
o

SCh administration. The first urines voided
after surgery were examined for the presence
of myoglobin. If the serum or urine was
Hemastix-positive, a two-dimensional precipi-
tation test with Ouchterlony’s method was per-
formed on an agar gel plate using specific anti-
serum to purified human myoglobin.®* The
Hemastix test could detect myoglobin in 2
concentration as low as 5 pg/ml, while the
antiserum gave a positive reaction with as
little as 1.5 pg/ml myoglobin.

Results

The largest increase in serum potassium in
patients both with (table 1) and without
(table 2) renal failure was 0.7 mEq/L. There
was no significant difference between the
serum potassium elevations in patients with
and without renal failure. Both groups showed
similar significant increases in CPK levels 24
and 48 hours after operation (P < 0.01, table
3). Myoglobin was absent from the plasma
of all 20 patients. Myoglobin could not be
detected in the urine of seven of ten control
patients or four of ten renal-failure patients.
The presence of myoglobinuria was not deter-
mined in the other cases because the patients
were anuric or otherwise unable to provide
urine specimens.

Discussion

This study substantiates our previous clini-
cal experience that patients who have renal
failure are not susceptible to marked hyper-
kalemia and severe arrhythmias as a result of
receiving SCh. Elevated CPK (an enzyme re-
leased from muscle cells with skeletal muscle
damage) levels in both groups suggested mus-

cle damage which might be accountable foa
by surgery and SCh. The CPK levels were_:;
equally elevated in both groups suggests thal
the patients with renal failure were no moré;
prone than the control patients to suffer s:gm
nificant skeletal muscle damage from SCh. Ig'
addition, SCh did not induce significant ske]e;—_,
tal muscle damage, as judged by the absencés
of myoglobin from plasma and urine. Thusg
there is little risk of renal damage from myo®
globinuria in patients with renal failure arg

et al. and Jacobsen et al., who reported ngg
difficulties associated with the use of SCh i
2414 and 5815 patients with renal failure, reQ
spectively. Roth had two cases of cardia®
arrest following intubation, all in patients \wﬂg
renal failure.” However, SCh-induced hyperg
kalemia was not confirmed in one patient by
serum potassium levels or electrocardiographics
evidence of hyperkalemia. In Powell’s cas%
electrocardiographic evidence of hyperkalemifd
did not appear until 6 minutes after the ﬂnn§
dose of SCh, which was given at least 30 rmno
utes after the first dose. Serum potassium reo
mained elevated for at least 24 hours post—‘
operatively in this patient. SCh-mdut:E£
hyperkalemia, however, usually returns to th&
pre-SCh level within 15 minutes of ndmmxs‘@
tration of SCh to patients without renal fail®
ure.l-3  Because of the lack of significant hyD
perkalemia in our study, and the lack of 3
confirmed diagnosis in the reports of Powel
and Roth et al.,, we believe that administration
of 1 mg/kg SCh to patients who have renald
failure is mot contraindicated. It should b&
noted that we did not study the effect of re-
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peated doses of SCh, which might have been
involved in the case reported by Powell,® and
which have been reported to cause myoglo-
binuria and elevation of serum creatinine phos-
phokinase in normal patients.®

Patients with various neuromuscular dis-
eases such as multiple selerosis, muscular dys-
trophy, and Parkinson’s disease are particu-
larly susceptible to marked hyperkalemia and
cardiac arrhythmias after administration of
SCh. It may be that marked hyperkalemia
following SCh occurs in renal-failure patients
only when they have uremic neuropathy.
Even though all our patients had elevated
preoperative serum creatinine and potassium
levels, they had no uremic neuropathy. Ad-
ditionally, all of our patients had renal trans-
plantation and hemodialysis, which alleviates
uremic neuropathy.!® The safety of SCh may
not apply to patients with uremic neuropathy.

Tod. hnieal
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