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Abstract

A 41-year-old man with a continuous-flow left
ventricular assist device presented for evaluation
of dysphagia and dark urine. He was found to have
a significantly elevated L-lactate dehydrogenase

Baishidenge ~ WJG | www.wjgnet.com

and an elevated plasma free hemoglobin consistent
with intravascular hemolysis. After the hemolysis
ceased, both the black urine and dysphagia resolved
spontaneously. Transient esophageal dysfunction, as a
manifestation of gastrointestinal dysmotility, is known to
occur in the setting of hemolysis. Paroxysmal nocturnal
hemoglobinuria is another recognized cause of massive
hemolysis with gastrointestinal dysmotility occurring in
25%-35% of patients during a paroxysm. Intravascular
hemolysis increases plasma free hemoglobin, which
scavenges nitric oxide (NO), an important second
messenger for smooth muscle cell relaxation. The
decrease in NO can lead to esophageal spasm and
resultant dysphagia. In our patient the resolution of
hemolysis resulted in resolution of dysphagia.

Key words: Hemolysis;dysphagia; Esophageal spasm;
Nitric oxide; Left ventricular assist device
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Core tip: Transient esophageal dysfunction, as a
manifestation of gastrointestinal dysmotility, is known
to occur in the setting of hemolysis. We present a
case of dysphagia secondary to hemolysis caused by
a continuous-flow left ventricular assist device. Our
case report aims to bring this etiology of dysphagia to
the attention of gastroenterologists and cardiologists
to limit invasive investigations in these patients and
highlight the possibility that hemolysis may serve as
an early indicator of pump thrombosis and adverse
outcomes.
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INTRODUCTION

Hemolysis is a known complication in patients
with left ventricular assist devices (LVADs)™.
Hemoglobin-mediated nitric oxide scavenging, a
well described circumstance in paroxysmal nocturnal
hemoglobinuria'?, results in several clinical sequelae.
Nitric oxide is an important second messenger which
among other actions, mediates esophageal smooth
muscle relaxation during the act of swallowing™'.
Attributed to a the abundance of free hemoglobin and
subsequent lack of nitric oxide, esophageal spasm,
and associated dysphagia, are commonly seen in
patients with paroxysmal nocturnal hemoglobinuria
and occur in 25%-35% of patients during paroxysms.
Similar symptoms and motility patterns have been
elicited in healthy volunteers who received solutions
of plasma free hemoglobin™?!, The overall clinical
scenario and the elimination of other causes of
dysphagia in our patient supports the hypothesis that
the same phenomenon was at work in our patient with
LVAD hemolysis and dysphagia. This has only been
reported once before in the literature and is an under-
recognized cause of dysphagia in a growing LVAD

population'®,

CASE REPORT

A 41-year-old obese African-American man with end
stage heart failure treated with a continuous-flow
LVAD was transferred to our institution with a three-
day history of dark urine and dysphagia. He had
never had similar complaints before and could clearly
differentiate the new symptom of dysphagia from
any of the symptoms related to long-standing gastro-
esophageal reflux disease. He had a several year
history of mild typical epigastric burning discomfort
attributed to acid reflux that was relieved with use
of pantoprazole 40 mg po daily, which he was taking
on admission. He had not had an upper endoscopy
prior to admission. Additional medications present on
admission included warfarin, hydralazine, furosemide,
magnesium oxide, fluticasone nasal spray, tiotropium,
levetiracetam, alprazolam, carvedilol, isosorbide
dinitrate, digoxin, gabapentin, aspirin, and clonidine.
His primary difficulty related to swallowing solids. He
had attempted drinking liquids to help get the food
down but this had been unsuccessful and resulted in
epigastric pain. Whenever he tried to drink liquids on
their own, they were immediately regurgitated.

The patient’s past medical history is significant for
non-ischemic cardiomyopathy, felt to be secondary
to remote history of cocaine abuse, which resulted
in severe systolic heart failure and a left ventricular
ejection fraction of 20%. A HeartMate I (Thoratec
Corp, Pleasanton, CA) LVAD had been implanted
18 mo prior to admission as a bridge to heart
transplantation. Physical examination was notable
for marked obesity with a BMI of 34. Neither jugular
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venous distension nor a hepatojugular reflux could be
appreciated. On examination of the abdomen neither
a fluid wave nor shifting dullness were detected. There
was no lower extremity edema. On auscultation, a
constant LVAD hum, superimposed on a faint S1 and
S2, could be heard. No other murmurs or carotid bruits
were auscultated.

On admission, free plasma hemoglobin was 125.1
mg/dL [reference interval (RI): 0.5-5 mg/dL] and
Haptoglobin was less than 10 mg/dL (RI: 30-200 mg/
dL). L-lactate dehydrogenase (LDH) was elevated to
1607 IU/L (RI: 87-225 U/L). In our patient population
an LDH greater than 1050 IU/L is associated with
a sensitivity and specificity of 80% and 86%,
respectively, for the detection of device thrombosis
and malfunction and is similar to the LDH cutoff
(1103) reported by Estep et al”’ and Uriel et a'® as an
indicator for device thrombosis. Platelet count was 126
(RI: 150 x 10°/L-400 x 10°%L), his INR calculated to
1.3, and plasma fibrinogen was 486 (150-400 mg/dL).
Blood creatinine was found to be elevated to 4.4 mg/
dL, which was elevated from a baseline of 1.5 mg/dL.
The patient had black tea colored urine with a positive
urine test strip for hemoglobin but red blood cells were
absent on microscopy.

Controller device interrogation of the patient’s LVAD
had shown a speed of 9200 revolutions per minute,
an estimated flow of 4.5 L/min, pulsatility index of
5.5 and a power of 6.4 watts. Renal ultrasound and
chest X-ray did not reveal any significant findings.
A transthoracic echocardiogram found no evidence
of intracardiac inflow cannula, or outflow cannula
thrombus. Continuous wave Doppler peak inflow
velocity was not increased. Other cardiac dimensions
were unchanged compared to a prior study.

In order to rule out immediately treatable causes
like a food bolus impaction, the patient underwent
esophagogastroduodenoscopy, which did not show any
macroscopic abnormalities (Figure 1) and pathological
examination of esophageal biopsy specimens revealed
normal esophageal epithelium.

The patient was initially started on a heparin
infusion, initially because his INR was subtherapeutic
despite warfarin therapy. Thrombolytic therapy with
tissue plasminogen activator was not initiated, per
our institutional protocol because of concern for the
development of intracranial hemorrhage. Over the
course of two days, the patient’s dysphagia resolved
with simultaneous return of his urine color to normal.
Plasma hemoglobin, haptoglobin and LDH trended
toward normal values. Creatinine kept on rising over
the following week and he was diagnosed with heme
pigment nephropathy. This acute kidney injury slowly
resolved over the course of the subsequent weeks. He
has not experienced any further dysphagia.

DISCUSSION

To our knowledge, one case has been previously
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Figure 1 Normal lower esophagus (A) and normal gastro-esophageal
junction, retroflexed view (B).

described of dysphagia in a patient with LVAD pump
thrombosis™. In comparison, our case is unique in
terms of its presentation and the detail of its evaluation
with the latter strongly supporting our contention that
intravascular hemolysis was the reason for dysphagia.
Furthermore, endoscopy excluded food impaction,
neoplasm, stricture, eosinophilic esophagitis, and
candida esophagitis as possible causes of this
individual’s difficulty with swallowing. Moreover, this
is the first publication to describe the occurrence of
dysphagia in the setting of LVAD associated hemolysis
in the absence of definitive evidence of pump
thrombus. Thus, the patient’s echocardiogram did
not show any abnormalities in the inflow or outflow
cannulas, inflow peak velocities were within normal
limits, and the expected paradoxical increase in LVAD
power was absent®?!, Moreover, with pump speed
ramp up echocardiography testing, the patients LVAD
was noted to be functioning appropriately.

While, in the absence of serial esophageal imaging
and manometric studies, it is difficult to conclusively
prove our hypothesis that dysphagia, in this instance,
resulted from NO scavenging by free heme, a
convergence of several highly suggestive pieces
of circumstantial evidence renders this extremely
unlikely. Most convincingly, both the dysphagia and
the discoloration of the patient’s urine (proven to
be due to hemoglobinuria) developed and resolved
simultaneously.

The proposal that gastrointestinal dysmotility
could be induced by large concentrations of
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circulation free heme was previously proposed based
on observations among subjects with paroxysmal
nocturnal hemoglobinuria (PNH). In PNH paroxysms of
intravascular hemolysis lead to the massive release of
free heme; similar values of plasma free hemoglobin
were recorded in the patient reported here.
Smooth muscle dysfunction, leading to dysmotility,
characterized as esophageal spasm is a common
clinical manifestation in PNH, occurring in 25%-35%
of patients during a paroxysm™*!!, Hemoglobinuria is
also frequently observed™. More direct evidence of
the impact of intravascular hemolysis was provided
in a trial where recombinant human hemoglobin was
administered intravenously to healthy volunteers.
Spontaneous, simultaneous high-pressure contractions
were induced in 8 of 9 subjects, lower esophageal
sphincter relaxation was inhibited, and several subjects
developed lower sub-sternal discomfort during
swallowing®™.

Our presentation of this case aims to accomplish
several goals. Firstly, for the gastroenterologist,
it draws attention to intravascular hemolysis as a
potential cause of dysphagia among patients with
LVADs, thereby obviating the need of invasive
investigations, such as endoscopy. Secondly, for the
cardiologist, it emphasizes that hemolysis, in patients
with LVADs, may serve as an early indicator of pump
thrombosis and adverse outcomes*>*¥), Larger studies
may be needed to fully establish the cause and effect
relationship between pump failure, hemolysis, and
dysphagia but could prove valuable should they
establish that dysphagia is an early marker of LVAD
dysfunction.

COMMENTS

Case characteristics

The patient presented with dysphagia to solids and liquids secondary to
hemolysis caused by a continuous-flow left ventricular assist device (LVAD).
Clinical diagnosis

The patient's physical exam was notable for auscultation of a continuous hum
from his LVAD and esophagogastroduodenoscopy was grossly normal.
Differential diagnosis

The differential diagnosis included esophageal obstruction from benign causes
like food impaction and malignant causes, eosinophilic esophagitis, and
esophageal motility disorders.

Laboratory diagnosis

Elevated plasma free hemoglobin 125.1 mg/dL, haptoglobin less than 10 mg/dL
LDH elevated to 1607 IU/L, platelet count 126, INR 1.3, creatinine elevated to
4.4 mg/dL from a baseline of 1.5 mg/dL, black tea colored urine with a positive
urine test strip for hemoglobin but absent red blood cells on microscopy.
Imaging diagnosis

Renal ultrasound and chest X-ray did not reveal any significant findings,
transthoracic echocardiogram found no evidence of intracardiac inflow cannula,
or outflow cannula thrombus and continuous wave Doppler peak inflow velocity
was not increased.

Pathologic diagnosis

Histopathologic examination of endoscopic biopsies showed normal esophageal
epithelium.

Treatment

The patient was placed on a heparin infusion and thrombolytic therapy with
tissue plasminogen activator was not initiated per our institutional protocol
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because of concern for the development of intracranial hemorrhage.

Related reports

One case had been reported before or LVAD associated related hemolysis and
associated dysphagia that resolved with treatment with tissue plasminogen
activator and cessation of hemolysis. A similar mechanism of gastrointestinal
dysmotility has been described in patients with paroxysmal nocturnal
hemoglobinuria and hemolysis.

Term explanation

Left ventricular assist devices are implantable pumps designed to unload and
assist the left ventricle and are approved for both bridge to transplantation and
destination therapy.

Experiences and lessons

Intravascular hemolysis is a potential cause of dysphagia among patients with
LVADs and recognition of this pathophysiologic mechanism may obviate the
need for invasive investigations like endoscopy. Recognition of hemolysis in
patients with LVADs may serve as an early indicator of pump thrombosis and
adverse outcomes.

Peer-review

The authors have described a case of dysphagia secondary to LVAD induced
hemolysis. The article highlights gastrointestinal dysmotility secondary to
hemolysis-induced release of free plasma hemoglobin and the subsequent
scavenging and reduction of nitric oxide.
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