A SELF-TEST
ONA
CLINICAL
CASE

The day after
chemotherapy,
his plasma
potassium was
1.7 mmol/L,
rising to 10.9
the next day;
what should be
done?
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Chronic lymphocytic leukemia
and apparent hyperkalemia

64-YEAR-OLD MAN with chronic lympho-

cytic leukemia (CLL), Rai stage IV, was
admitted to the hospital to undergo his first
cycle of chemotherapy with fludarabine, cy-
clophosphamide, and rituximab. The physical
examination at this time was normal except
for splenomegaly and painless bilateral ingui-
nal lymphadenopathy. His laboratory results
on admission are shown in TABLE 1.

On the first day after chemotherapy, labora-
tory testing revealed an elevated plasma potas-
sium level of 7.7 mmol/L. The specimen was
drawn into a BD Vacutainer plasma separator
tube with lithium-heparin additive (Becton,
Dickinson, and Company, Franklin Lake, NJ)
and analyzed on a Unicel DXC 800 chemistry
analyzer (Beckman Coulter, Inc, Brea, CA).

Which electrocardiographic feature is not
associated with hyperkalemia?

[l Peaked P waves

[ Prolonged PR interval
[] Shortened QT interval
] Widened QRS

L] Asystole

B EVALUATING CARDIAC TOXICITY
FROM HYPERKALEMIA

Hyperkalemia is not associated with peaked P
waves, but rather with a reduction in the size
of the P waves.

Hyperkalemia, defined as a plasma potas-
sium concentration above 5.5 mmol/L, occurs
as a result either of a release or a shift of intra-
cellular potassium into the intravascular space
or of decreased renal excretion. The earliest
changes noted on electrocardiography are
doi:10.3949/ccjm.79a.11148
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peaking and narrowing of T waves, followed
by shortening of the QT interval. As hyper-
kalemia progresses, electrocardiography may
show bradycardia, absent P waves, and PR
interval prolongation, including second- or
third-degree atrioventricular block.

At a plasma potassium concentration
greater than 7 mmol/L, there may be a junc-
tional escape rhythm, a sine wave pattern with
widening of the QRS complex merging with
T waves, ventricular fibrillation, or asystole.
However, even with high potassium levels,
electrocardiographic changes may be absent.!

The patient denied fatigue, muscle weak-
ness, or palpitations. Electrocardiography did
not show peaked T waves, shortened QT in-
tervals, decreased P waves, prolonged PR in-
terval, or widening of the QRS interval.

Which is an appropriate intervention for
hyperkalemia with cardiac toxicity?

[J Membrane stabilization with calcium
gluconate

[ Shifting potassium into the cells with a
beta-adrenergic agonist given by nebuliza-
tion

[ Shifting potassium into the cells with
insulin and dextrose

[J Removal of potassium with sodium poly-
styrene sulfonate (Kayexalate)

[J Removal of potassium with dialysis

In the setting of cardiac toxicity, the manage-
ment of hyperkalemia involves stabilizing the
cardiac muscle membrane, shifting potassium
into the cells, and removing potassium from
the body. It is important to do all three inter-
ventions when cardiac toxicity is present to
provide sustained therapeutic benefit.?
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TABLE 1

Our patient’s laboratory data

VAR ADMISION CEMOTHERAPY  REPEAT  CHEMOTHERAPY  —  RANGE
White blood cell count (x 10%/L) 344.8 367.4 123.7 4.5-11.0
Hematocrit (%) 27.4 27.0 36.6 41-50
Hemoglobin (g/dL) 7.4 9.5 11.5 14.0-17.5
Platelets (x 10°/L) 83 73 44 150-350
Blood urea nitrogen (mg/dL) 18 18 31 21 8-23
Creatinine (mg/dL) 1.2 1 1.2 1.0 0.6-1.2
Potassium (plasma) (mmol/L) 4.2 7.7 8.1 10.7 10.9 3.5-5.0
Potassium (serum) (mmol/L) 3.6 3.7 3.5-5.0
Phosphorus (mg/dL) 6.2 4.2 2.5-45
Magnesium (mg/dL) 2.3 1.9 1.9 1.7-2.6
Calcium (mg/dL) 8.9 8.2 8.2 8.2-10.2
Uric acid (mg/dL) 6.6 53 4.0-8.0

I MANAGING HYPERKALEMIA

General principles

When potassium levels are above 6 mmol/L,
electrocardiography should always be done.
Immediately stop potassium supplementa-
tion and any drugs that can cause hyperka-
lemia, such as potassium-sparing diuretics,
angiotensin-converting enzyme inhibitors,
angiotensin receptor blockers, nonsteroidal
anti-inflammatory drugs, and trimethoprim-
sulfamethoxazole (Bactrim). If the potassium
level is greater than 6.5 mmol/L, the patient
should be placed on telemetric monitoring,
and the potassium level should be measured
often.

Hyperkalemia with cardiac toxicity
Membrane stabilization involves intrave-
nous infusion of 10 mL of 10% calcium glu-
conate. The onset of action is 1 to 3 minutes,
and the duration of action is 30 to 60 minutes.
Shifting of potassium is done either with
insulin or with a beta-adrenergic agonist neb-
ulizer. With insulin, 10 U of regular insulin is
given intravenously along with 50 mL of 50%
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dextrose; the onset of action is 20 minutes,
and the duration is 4 to 6 hours. The dose of Repeated
beta-adrenergic agonist depends on the type electrocardiog-
used; the onset of action is 20 minutes, with a
duration of 2 to 4 hours. raphy
Removal of potassium is achieved either continued
by drug therapy or by dialysis. Sodium or cal-
. o to show
cium polystyrene sulfonate is given by mouth,
15 g every 6 hours, or 30 to 60 g by retention N0 changes
enema; the onset of action is 1 to 2 hours, with ra|ated to
a duration of 4 to 6 hours. If dialysis is used, 2
to 3 hours is recommended; the onset of ac-
tion is immediate and lasts for the duration of
the dialysis session.

hyperkalemia

I CASE CONTINUED

The patient was moved to a telemetry unit.
A repeat plasma potassium measurement after
30 minutes confirmed hyperkalemia (TaBLE 1).
The specimen was transported to the labora-
tory via a pneumatic tube system, centrifuged
at 3,300 rpm for 10 minutes, and analyzed on
a Beckman Unicel DXC 800 chemistry ana-
lyzer. The time from specimen collection to
analysis was approximately 60 minutes.
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Even minor
leakage of
intracellular
potassium
from leukemic
cells can have
a major effect
on the level

of extracellular
potassium
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TABLE 2

The differential diagnosis of hyperkalemia

PLASMA POTASSIUM

CONDITION SERUM POTASSIUM
Hyperkalemia High
Pseudohyperkalemia Falsely high
Reverse pseudohyperkalemia Normal
Tumor lysis syndrome High

High
Normal
Falsely high
High?

aTumor lysis syndrome may also include hyperuricemia, hypocalcemia, and hyperphosphatemia.

He was treated with oral sodium poly-
styrene sulfonate because no electrocardio-
graphic changes were observed. Subsequent
plasma potassium levels drawn, collected, and
analyzed with the same technique described
above were persistently high. Repeated elec-
trocardiography continued to show no chang-
es related to hyperkalemia.

I DIAGNOSING THE CAUSE
OF THE APPARENT HYPERKALEMIA

Which is the most likely cause of hyperka-
lemia in this patient?

(] Acute renal failure

(] Tumor lysis syndrome

[] Hemolysis

[J Reverse pseudohyperkalemia
(] Pseudohyperkalemia

I DIFFERENTIAL DIAGNOSIS

The patient had normal levels of blood urea
nitrogen and creatinine and adequate urine
output, thus ruling out acute renal failure.
Hyperuricemia, hyperphosphatemia, and hy-
pocalcemia were not found, thus ruling out
tumor lysis syndrome.

In vitro hemolysis is assessed by visual in-
spection showing a pink or red hue to serum
or plasma, or by hemolysis index calculation
using spectrophotometric measurements. Fac-
tors associated with in vitro hemolysis include
vein fragility, the phlebotomist’s skill and
technique, and transportation of the speci-
men, including duration, mode, and tempera-
ture. The plasma potassium level was repeat-
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edly measured from a lithium-heparin tube,
thus minimizing the possibility of laboratory
error. No evidence of hemolysis was observed
during the phlebotomy, transportation, or
specimen analysis.

Serum and plasma potassium levels were
simultaneously measured to test for pseudohy-
perkalemia, a falsely elevated serum potassium
concentration caused by the release of plate-
let potassium during clot formation or after
venipuncture. Contributing factors include
the prolonged use of a tourniquet, hemolysis,
and marked leukocytosis or thrombocytosis. A
serum-to-plasma potassium gradient greater
than 0.4 mmol/L is diagnostic of pseudohyper-
kalemia.

Reverse pseudohyperkalemia, a falsely
high potassium level in plasma samples, is de-
fined as a serum-to-plasma potassium gradient
less than 0.4 mmol/L (tasLe 2). This was the
most likely cause of the hyperkalemia in our
patient.

On the second day after chemotherapy, two
blood samples were collected simultaneously—
one into a lithium heparin BD Vacutainer plas-
ma separator tube, and the other into a plain,
red-top BD Vacutainer serum collection tube
without heparin. The specimens were trans-
ported to the laboratory by pneumatic tube and
were centrifuged at 3,300 rpm for 10 minutes.
The specimens were analyzed simultaneously
20 minutes after collection on a Unicel DXC
800 chemistry analyzer. The analysis revealed
a serum-to-plasma potassium gradient of —7.1
mmol/L (serum potassium 3.6 mmol/L and
plasma potassium 10.7 mmol/L).’ Repeated po-
tassium measurements drawn in similar fashion
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after 1 hour continued to show a markedly ele-
vated potassium concentration compared with
the serum concentration (TABLE 1).

Serum and plasma samples were again
measured simultaneously 24 hours after de-
tecting hyperkalemia to evaluate for pseudo-
hyperkalemia in this patient. In another pub-
lished report, serum and plasma measurements
were obtained 1 week after observing hyperka-
lemia.* Blood gas analysis was done the same
day in two other reported cases.*’

Of note, further review of our patient’s
medical history noted hyperkalemia at the
time he was diagnosed with CLL. At that
time, his plasma potassium level was 7.5
mmol/L, a repeated plasma potassium level
was 6.9 mmol/L, and a subsequent blood gas
analysis—done 30 minutes after the repeated
plasma potassium measurement using a Rapid-
lab analyzer (Siemens Healthcare Diagnostics,
Washington, DC)—showed a potassium level
of 3.4 mmol/L. The phenomenon of reverse
pseudohyperkalemia was not recognized at
that time.

The true mechanism of reverse pseudohy-
perkalemia has not yet been established. Even
minor leakage of intracellular potassium from
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leukemic cells can have a major effect on the
extracellular potassium level. Mechanical stress-
ors in the form of pneumatic tube transport and
specimen sampling into vacuum tubes have
been implicated as causes of this artifact.>® An-
other possible mechanism is heparin-induced
lysis of leukocytes in the setting of hematologic
malignancy during laboratory processing.*"

I LESSONS LEARNED

In patients with hematologic proliferative dis-
orders who develop hyperkalemia in the ab-
sence of electrocardiographic changes and an
obvious cause of increased potassium levels (eg,
acute renal failure, tumor lysis syndrome), we
should entertain the possibility of hemolysis,
laboratory error, pseudohyperkalemia, and re-
verse pseudohyperkalemia. The potassium lev-
el should be remeasured to rule out laboratory
error and hemolysis. In patients with marked
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blood gas analysis can help identify spurious
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