
MORBIDITY AND MORTALITY CASE

Hyperkalemia, Bradycardia, and Cardiac
Arrest during Percutaneous Declotting
of an Arteriovenous Graft
Charles Wiltrout, M.D.1

Hyperkalemia is a common problem in patients
with acute or chronic renal failure as the kidneys are
typically responsible for 80 to 90% of daily potassium
excretion.1 Those presenting for declotting procedures
of dialysis access shunts are at elevated risk of hyper-
kalemia as they often have recently received incomplete
dialysis.2 Noncardiac symptoms of hyperkalemia are
usually subtle and may include fatigue, paresthesias,
and skeletal muscle weakness.3 However, due to its
effects on the cellular membrane resting potential,
elevated serum potassium can lead to several cardiac
arrhythmias, ranging from benign to ventricular fibrilla-
tion and asystole.4 Although not commonly associated
with hyperkalemia, dialysis patients with elevated serum
potassium may develop bradycardia,5 which as seen in
this case can occur during a declotting procedure and is a
potentially life-threatening sequela.

CASE REPORT
A 72-year-old woman with a past medical history sig-
nificant for end-stage renal disease had been on hemo-
dialysis for 8 years prior to presentation. She also had a
history of rheumatic heart disease as well as significant
coronary artery disease for which she underwent coro-
nary artery bypass grafting of three vessels and replace-
ment of the mitral and aortic valves with bioprosthetic
valves 6 months prior to presentation. Two years prior to
presentation, the patient had a left forearm loop arterio-
venous (AV) graft placed after a previous brachioce-
phalic AV fistula thrombosed due to outflow stenosis.

On the day of admission, the patient had not been
able to be dialyzed for 1 week due to AV graft throm-
bosis, and she presented for a percutaneous declotting

procedure of her dialysis graft. She was anesthetized
locally with 1% lidocaine and also received conscious
sedation with midazolam and fentanyl. Venous access
was obtained using a micropuncture set, and a 7-mm
angioplasty balloon catheter was advanced over a J-wire
to the axillary vein. A central venogram revealed no
stenoses in the subclavian vein, brachiocephalic vein, or
superior vena cava. The graft was then accessed toward
the arterial side using a micropuncture set and a 6-mm
angioplasty balloon catheter was inserted. Using the
catheter directed toward the venous side, 5000 U of
heparin was administered and the 7-mm angioplasty
balloon catheter was withdrawn into the graft where
1.5 mg of tissue plasminogen activator was laced.

The patient immediately became bradycardic with
a heart rate of 39 and hypotensive with a blood pressure
of 92/52, which persisted after she received a total dose
of 0.4 mg of naloxone and 0.5 mg of flumazenil. After
the patient’s heart rate declined to 27, 1 mg of atropine
was given and the code team was called. At this point, all
forearm catheters were removed and a left femoral vein
vascular sheath was placed. A stat serum potassium at
this time was found to be 6.5 mEq/L. The patient
received 10 U of regular insulin as well as 1 ampoule
of 50% dextrose and 2 ampoules of calcium chloride. The
patient also received 1 mg of epinephrine and another
1-mg dose of atropine. The patient’s rhythm changed to
pulseless ventricular tachycardia, and defibrillation was
attempted once at 50 J followed by two attempts at 150 J.
The patient also received a 300-mg bolus of amiodarone
and multiple rounds of cardiopulmonary resuscitation
were performed. The patient’s pulse returned, and she
was transferred to the emergency department and sub-
sequently to the cardiac catheterization laboratory. A
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temporary pacemaker was placed through the left sub-
clavian vein, and the patient’s vascular sheath in her left
femoral vein was exchanged for a 13.5-French temporary
dialysis catheter. The patient was then transferred to the
cardiac intensive care unit, at which point her serum
potassium had risen to 8.7 mEq/L for which she under-
went emergent hemodialysis through a temporary cath-
eter. Following dialysis, her serum potassium declined to
3.4 mEq/L, and the day following admission her tem-
porary pacemaker was removed.

Eight days after admission, the patient was
brought back to the interventional radiology suite where
she was again anesthetized with 1% lidocaine locally as
well as intravenous fentanyl and midazolam. She under-
went a declotting procedure without complication. After
the patient was dialyzed using the graft, she was dis-
charged from the hospital.

Two months after discharge, a right elbow AV
fistula was placed. Seven months after discharge, the
patient presented to the interventional radiology suite
for a fistulogram of the immature right AV fistula and
another declotting procedure of the left AV graft. At the
last dialysis session prior to her presentation, she had
received only 30 minutes of hemodialysis before an
electrical outage occurred; once power returned, her graft
had clotted.

The patient was again anesthetized with 1% lido-
caine as well as fentanyl and midazolam. The fistulogram

Figure 1 Two representative patients with serum potas-

sium levels (in mEq/L) and associated electrocardiograms

(EKGs). In both patients, observed hyperkalemic EKG

changes include peaking of the T waves, QRS widening,

lengthening of the PR interval, and flattening of the P wave.

Note in patient No. 1 that EKG changes resolve despite

persistent elevated serum potassium.

Figure 2 Brief management algorithm for hyperkalemia. EKG, electrocardiogram.
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was attempted first, but an ultrasound of the right arm
revealed a very short and curved segment of the outflow
vein that appeared to dive into the deep portion of
the arm with a palpable thrill only detectable in a 2-cm
segment. Neither this vein nor an even smaller and more
superficial adjacent vein could be cannulated, making it
impossible to perform the fistulogram. Prior to preparing
the left arm for the declotting procedure, the patient was
noted to be hypotensive and bradycardic with altered
mental status. The code blue team was called, and the
patient received 1 mg of atropine, 10 U of regular insulin,
and one ampoule of 50% dextrose, calcium chloride, and
sodium bicarbonate. A 13.5-French temporary dialysis
access line was placed in the right femoral vein. The
patient never lost consciousness, and she was immediately
transferred to the emergency department. Her serum
potassium was found to be 7.5 mEq/L and she received
emergent dialysis. Her potassium declined to 4.1 mEq/L,
and 3 days after admission the patient was able to
undergo a successful repeat left AV graft declotting
procedure, after which she was discharged from the
hospital.

DISCUSSION
As illustrated, patients with elevated serum potassium
may have few subjective complaints, but the cardiac
manifestations of hyperkalemia may be life-threatening.
At the cellular level, the membrane resting potential
depends primarily on the ratio of intracellular to extrac-
ellular potassium, and therefore small disturbances in
potassium homeostasis can result in large effects on
electrically active cells.1 In the myocardium, hyperkale-
mia depresses electrical conduction velocity but increases
the rate of repolarization, leading to peaking of the T
waves, prolongation of the PR interval, flattening or
absence of the P wave, widening of the QRS complex,
and even merging of the QRS complex with the T wave
causing a sine-wave pattern (Fig. 1).4

Bradycardia is a less commonly recognized cardiac
sequela of hyperkalemia. In one study of 12 patients with
hyperkalemia and fascicular block, only one exhibited
bradycardia.6 Abe et al described a series of seven
patients with chronic or end-stage renal failure who
presented with profound bradycardia.5 Interestingly,
four of the seven patients had ischemic heart disease,
as did our patient.

Aggressive treatment of hyperkalemia is indicated
in those who are symptomatic or have electrocardiogram
(EKG) changes consistent with hyperkalemia (Fig. 2).
Furthermore, as there is an unpredictable correlation
between serum potassium concentration and EKG
changes, treatment is indicated in all patients with serum
potassium concentrations above 6 mEq/L.3,7 There are
three main aspects to the treatment of hyperkalemia:
inducing the cellular uptake of potassium, counteracting

the arrhythmogenic effects of hyperkalemia, and remov-
ing potassium from the body. Potassium may be driven
into cells using insulin, bicarbonate, or nebulized albu-
terol, and its cardiac effects are blunted using intravenous
calcium. The removal of potassium from the body may be
achieved through the kidney using a loop diuretic, the gut
using a cation exchange resin, or through hemodialysis.3

Little evidence exists as to the benefit or cost-
effectiveness of routinely preoperatively evaluating se-
rum electrolytes in patients undergoing percutaneous
declotting procedures. The American College of Radi-
ology practice guideline for adult sedation/analgesia
states that before moderate sedation, ‘‘relevant laboratory
values, when appropriate, should be available for review,’’
and the practice guideline for diagnostic arteriography
states, ‘‘[l]aboratory evaluation may be indicated, includ-
ing . . . electrolytes.’’8,9 Although the quality improve-
ment guidelines on the percutaneous management of
thrombosed or dysfunctional dialysis access lists severe
hyperkalemia as a relative contraindication to interven-
tion, the practice guideline regarding the same subject
does not address the preoperative evaluation of serum
electrolytes.10,11

However, patients presenting for declotting pro-
cedures have multiple risk factors for hyperkalemia and
malignant arrhythmias. As seen in our patient, those in
need of declotting procedures have often missed recent
dialysis sessions, and even patients who have not missed
recent sessions may have predialysis serum potassium
levels of 5.0 mEq/L to 6.5 mEq/L.12 These patients are
often sedated with fentanyl, which may cause bradycar-
dia due to stimulation of the central vagal nucleus.13,14

These factors combined with the high prevalence of
underlying cardiac pathology in the dialysis popula-
tion15 increase these patients’ risk of periprocedural
arrhythmias. Some experts recommend that if the
patient is hyperkalemic, the decision whether to per-
form a declotting procedure or acute dialysis through a
temporary line should be made jointly between the
patient’s nephrologist and interventionalist,12,16 and
acute dialysis should be strongly considered in cases
of severe hyperkalemia.2 Even if acute dialysis is not
performed, the above risks may indicate that in selected
cases preprocedural evaluation of serum potassium and
an EKG may be beneficial.
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