The Heart Surgery Forum #2015-1427
19 (1), 2016 [Epub February 2016]
doi: 10.1532/hsf. 1427

Online address: http://www.hsforum.com

Non-Cardiac Symptoms of Moderate to Severe Hypokalemia in a Patient with a

Syncardia™ Total Artificial Heart

Amit Prasad, MD,"" Ali Ghodsizad, MD, PhD, FETCS, FACC,” Walter Pae, MD,!
Kai Singbartl, MD, MPH,' Jacqueline Boone, CRNP,> M. Zeriouh, MD,? Arjang Ruhparwar MD, PhD, ?
M. Loebe, MD, PhD,* G. Sadat Hosseini Khorrami, BSc,’ Micheal M. Koerner, MD, PhD*

Christoph Brehm, MD?

"Pennsylvania State University College of Medicine Department of Anesthesiology and Perioperative Medicine, Hershey,
Pennsylvania, USA; Pennsylvania State University College of Medicine Heart and Vascular Institute, Hershey, Pennsylvania, USA;
SUniversity of Heidelberg, Department of Cardiac Surgery, Heidelberg, Germany; ‘INTEGRIS Baptist Medical Center, Oklahoma

City, Oklahoma, USA

ABSTRACT

The Syncardia™ total artificial heart (TAH) is an option
for patients as a bridge to transplant in those who are not can-
didates for left ventricular assist devices (LVAD) due to right
ventricular failure. Postoperative course is highly dependent
on volume status and aggressive diuresis is often necessary.
One complication from aggressive diuresis is hypokalemia;
however, in these patients we tolerate a lower potassium level
because cardiac arrhythmias are not a concern. However, in
two separate instances non-cardiac symptoms related to severe
hypokalemia occurred. These symptoms included nystagmus
in one patient and agitation, tremors, and having an “out-of-
body” experience in the other patient. Both these patients had
resolution of symptoms with potassium replacement.

CASE REPORT

A forty-four-year-old male with non-obstructive hyper-
trophic cardiomyopathy underwent placement of a 70 mL
Syncardia™ total artificial heart as a bridge to transplant. On
echocardiogram, the patient’s ejection fraction was less than
10% and he had severe right ventricular dilation and reduced
systolic function. The decision was made to implant a total
artificial heart into the patient. The postoperative course
was stable but the patient needed to be aggressively diuresed
with intravenous bumetanide and chlorothiazide due to high
fill volumes on both the right and left side of the artificial
heart. The patient’s potassium level dropped between 2.5-
3.3 mmol/L. With these variations in potassium, the patient
complained of agitation and tremors of his hands and on one

*Both authors contributed equally to this paper.

Received October 6, 2015; received in revised form Fanuary 8, 2015; accepted
Fanuary 25, 2016

Correspondence: Ali Ghodsizad MD, PhD, FETCS, Assistant Professor of
Surgery Director of Mechanical Circulatory Support Research, Penn State Milton
S. Hershey Medical Center Heart & Vascular Institute, 500 University Drive
Hershey, PA 17033; 717-635-5229 (e-mail:aghodsi@gimx.org).

E12

occasion he described having an “out-of-body” experience.
These symptoms were resolved with additional doses of potas-
sium chloride. Due to the diuresis, the patient was started on
40 mEq three times a day of potassium replacement.

Another case involved a 47-year-old female with non-
ischemic cardiomyopathy with both right and left chronic
heart failure who underwent a Syncardia™ total artificial
heart placement due to the severely reduced right ventric-
ular systolic function, and the absence of any other severe
comorbid disease that would make her ineligible for a cardiac
transplant. The postoperative course was also stable and she
was extubated the following day. Due to high fill volumes,
the patient required diuresis with bumetanide, which caused
her potassium to drop from 2.6-3.2 mmol/L for about five
days. During this time in severe hypokalemia she developed
a nystagmus that was resolved with extra doses of potassium
chloride. At this time her potassium level was between 2.6-
2.8 mmol/L and these symptoms resolved when the level was
brought to above 3 mmol/L.

"Total physiologic body potassium is about 50 mEq/kg with
a 98% intracellular component, of which 75% is concentrated
in the muscle. Only 2%, or between 65-70 mEq, is extracel-
lular constituting a serum concentration of 3.5-5.0 mmol/L,
with the transcellular gradient being maintained by the Na-
K-ATPase pump [Marino 1998; Mount 2004]. Hypokalemia
is defined as a serum potassium level less than 3.5 [Rastergar
2001; International Consensus on Science 2000]. Moderate
hypokalemia, defined as potassium levels of 2.5-3.0 mmol/L,
and severe hypokalemia, defined as a potassium level less than
2.5 mmol/L, have been associated with a number of symp-
toms, the most severe being cardiac dysrhythmias and heart
failure [Smith 2003; Cohen 2001]. Serum potassium levels of
greater than 4.5 mmol/L for heart failure and acute myocar-
dial infarction patients have been recommended. A five-fold
risk of ventricular fibrillation has been reported in patients
with acute MI and potassium levels below 3.9 [Macdonald
2004; Hulting 1981].
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Non-cardiac symptoms of hypokalemia have been reported
and affect almost every organ system from weakness and paral-
ysis of skeletal muscles to ileus of the gastrointestinal tract to
nephrogenic diabetes insipidus [Lin 2003]. With severe hypo-
kalemia, usually lower limbs are affected to a greater degree
than upper limbs, and intact sensory ascending symmetric
paralysis has been reported [Riggs 2002; Gennari 1998]. Usu-
ally neurologic symptoms are related to acid-base balance and
not directly related to potassium levels [Gennari 1998].

Our patients underwent a cardiectomy and Syncardia™
total artificial heart placement, so the most feared com-
plication of hypokalemia, cardiac dysrhythmias, was not
an issue with their electrolyte disturbances. With other
mechanical circulatory support devices, such as left ven-
tricular assist devices, there is aggressive electrolyte con-
trol due to the native right ventricle and the possibility of
arrhythmias. Therefore, in those types of patients hypo-
kalemia is treated aggressively and usually severe hypoka-
lemia does not occur. In our total artificial heart patients,
one patient did have a correlation to symptoms of shaki-
ness of his upper extremities, agitation, and hallucinations
of an “out-of-body” experience with moderate to severe
hypokalemia. Our other patient had nystagmus, which is
not usually associated with hypokalemia but to acid-base
abnormalities. However, because his cardiac function was
never affected by the hypokalemia, and since his pH was
always normal, acid-base dysfunction could not explain his
neurologic findings. Once their potassium was replete to a
level above 3.0 mmol/L, their unique symptoms resolved.
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