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Autonomic dysfunction is common in patients with

AL amyloidosis and hereditary (mutant) ATTR

polyneuropathy and cardiomyopathy (m ATTR). It has

also been infrequently described in wild-type ATTR

cardiomyopathy.1,2

As described by Wang et al,3 the term autonomic

dysfunction implies the presence of one of more of an

exhaustive list of symptoms including blurred vision or

glare (pupillary dysfunction), dry eyes, or mouth (im-

paired cholinergic sympathetic innervation to lacrimal

or salivary glands), gustatory sweating or heat intoler-

ance (abnormal sudomotor function), cold hands and

feet (peripheral sympathetic dysfunction), orthostatic

hypotension, gastrointestinal symptoms of early satiety,

alternating diarrhea and constipation, urinary frequency,

urgency retention or incontinence, and sexual dysfunc-

tion. In their study of autonomic dysfunction in 65

patients with biopsy-proven amyloidosis,3 Wang et al

used an autonomic reflex screen (ARS), a group of tests

designed to test the adrenergic (blood pressure and

heart-rate response to tilt, beat-to-beat blood pressure

response to the Valsalva maneuver), cardiovagal (heart-

rate response to deep breathing at 6 breaths/min, the

Valsalva ratio calculated from the maximal and minimal

heart rates during the Valsalva maneuver), and sudo-

motor (the quantitative sudomotor axon reflex test,

QSART) components of autonomic dysfunction. The

results of these individual components were integrated

into the composite autonomic severity score (CASS),

resulting in a semiquantitative measure of autonomic

dysfunction (mild, moderate, and severe—depending on

the score). Most other studies of autonomic dysfunction

in amyloidosis patients have used a more limited

symptom screen and battery of tests. While Wang et al

describe comprehensive autonomic testing, their study

also highlights a major difficulty with the assessment of

autonomic function, namely the variety and nonspecific

nature of potential symptoms, and the range of testing

needed for a complete evaluation of all subcomponents.

I-123 mIBG imaging has been used to evaluate

myocardial sympathetic function more objectively.4 The

tracer was approved by the US FDA for this purpose in

2013. The uptake of I-123 mIBG by the myocardium is a

reflection of the integrity of the NET-1 uptake mecha-

nism, which is impaired in patients with heart failure and

presumably, in other causes of sympathetic nerve ter-

minal dysfunction or denervation. Its retention by the

myocardium is impaired under conditions of an elevated

sympathetic tone. These kinetic parameters are assessed

by early (15 min) and late (4 hours) heart-to-mediastinal

H/M) ratios, and a washout rate. Assessment of

regionality of dysfunction is performed by SPECT

imaging.4

The pathogenesis of autonomic neuropathy in

amyloidosis is attributed to infiltration by amyloid fib-

rils. While this is a logical hypothesis, it is a difficult one

to prove. Global abnormalities of I-123 mIBG uptake

(HM and washout ratios) may simply reflect heart fail-

ure, and regional abnormalities demonstrated thus far

have been nonspecific. Histopathological evidence of

nerve and ganglionic plexus infiltration has been

demonstrated in the GI tract of patients with autonomic

symptoms and amyloidosis,5 but other mechanisms such

as neuronal ischemia due to vessel wall infiltration by
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amyloid and toxic effect of pre-fibrillar TTR oligomers

have also been postulated.6,7

It is in this context that Jonker and colleagues8 report

on a study of clinical findings, cardiac biomarker assess-

ment, and I-123 mIBG findings in patients with

histologically proven mATTR amyloidosis and asymp-

tomatic carriers of a TTR mutation (48% V30 M). The

stated objective of this study was to determine whether

abnormal mIBG findings in these patients and carriers are

an indication of autonomic dysfunction specifically or

simply an evidence of cardiac involvement in amyloido-

sis. To explore this objective, the investigators

retrospectively evaluated data from 26 mATTR patients

and 13 carriers. Some critical definitions should be noted.

Cardiomyopathy was defined as NT-proBNP[ 365 ng/l

in the presence of normal kidney function, with no con-

sideration of echo or Tc-99 m HDP bone scintigraphy

findings. Autonomic neuropathy was defined by a variety

of cardiovascular, gastrointestinal, and urogenital symp-

toms, a battery of bedside maneuvers, and a test for

sympathetic skin response. The 29 subjects were then

classified into groups (necessarily small) based on the

presence or the absence of cardiomyopathy and auto-

nomic neuropathy, and the results of the Tc-99 m HDP

(abnormal defined as any cardiac uptake) and I-123mIBG

scans (abnormal defined as late HM ratio\ 2.0 or

washout rate[ 20%). Cardiac troponin T levels were

measured, but not used to classify patients.

Summary findings were that:

1. Of the 39 enrolled subjects (patients and carriers), 9

had cardiomyopathy, 13 autonomic neuropathy, 16

cardiac Tc-99 m HDP uptake and 18, abnormal I-123

mIBG.

2. Patients with ‘cardiomyopathy’’ (BNP[ 365 ng/l)

had lower HM ratio irrespective of the presence of

autonomic neuropathy.

3. The late HM and washout ratios inversely correlated

with NT-proBNP and cardiac Tc-99 m HDP uptake.

The authors conclude that abnormal I-123 mIBG

uptake by the myocardium in patients with histology-

proven mATTR amyloidosis or carriers of a mutant TTR

gene is indicative of cardiomyopathy rather than

specifically, autonomic neuropathy. This conclusion is

presumably based on the relative prevalence of car-

diomyopathy, autonomic dysfunction, and abnormal I-

123 mIBG results, as defined by the authors for the
purposes of this study. And therein lies the major diffi-

culty with the authors’ conclusions.

The definition of amyloid cardiomyopathy based on

a NT-pro BNP value alone, without consideration of

echo, ECG, and bone scintigraphy results is restrictive

and unconventional. The patients, who had Tc-99 m

HDP uptake or typical ECG or echo abnormalities with

histological evidence of amyloidosis, should surely be

diagnosed with cardiomyopathy even in the absence of

biomarker elevation. What was demonstrated in this

study is that in subjects with an elevated NT-pro BNP,

global abnormalities in HM and washout ratio may

occur in the absence of evidence of autonomic neu-

ropathy. That these abnormalities reflect the

neurohormonal perturbations of heart failure, and not

specifically autonomic dysfunction, is consistent with

our understanding of mIBG kinetics.

Therefore, can we draw any conclusions from this

small study? The validity of the conclusion that I-123

mIBG abnormalities occur early in amyloidosis and

thus, may have diagnostic utility for cardiomyopathy is

inherently dependent on the definition of cardiomyopa-

thy and therefore a self-fulfilling prophecy for this study.

Do I-123 mIBG abnormalities occur before other man-

ifestations of cardiomyopathy, or do these abnormalities

simply reflect the altered neurohormonal milieu of heart

failure? In other words, which is the cart and which, the

horse? In this case, the answer depends on how the cart

and horse are defined!
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