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Abstract:
Objective The autonomic functions of hereditary transthyretin (ATTRm) amyloidosis, traditionally referred

to as familial amyloid polyneuropathy, have primarily been investigated in patients with Val30Met mutations,

and information regarding non-Val30Met patients is scarce. The aim of this study was to systematically inves-

tigate the cardiac and peripheral vasomotor autonomic functions in non-Val30Met patients.

Methods The coefficient of variation of R-R intervals (CVR-R), responses to the Valsalva manoeuvre,

head-up tilt test results, noradrenaline infusion test results, and the (123)I-metaiodobenzylguanidine (MIBG)

uptake on myocardial scintigraphy were assessed in five patients. The predominant manifestations were neu-

ropathy in three patients (Val94Gly, Val71Ala, and Pro24Ser), cardiomyopathy in one (Thr60Ala), and ocu-

loleptomeningeal involvement in one (Tyr114Cys).

Results Although one patient with predominant cardiomyopathy did not manifest orthostatic hypotension

during the head-up tilt test, the CVR-R, responses to the Valsalva manoeuvre, and myocardial MIBG uptake

indicated the presence of cardiac sympathetic and parasympathetic dysfunction in all patients. The total pe-

ripheral resistance at 60° tilt did not increase from the baseline values in any of the examined patients. An in-

fusion of low-dose noradrenaline induced an increase in the systolic blood pressure, except in one patient

with mild neuropathy.

Conclusion Cardiac and peripheral vasomotor autonomic dysfunctions were prevalent in non-Val30Met pa-

tients, irrespective of their phenotype, suggesting a common pathology of autonomic involvement. However,

the vasoconstrictor function was preserved, even in a patient with advanced neuropathy.
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Introduction

Hereditary transthyretin (ATTRm) amyloidosis, tradition-

ally referred to as familial amyloid polyneuropathy, is a dis-

ease in which the systemic deposition of amyloidogenic mu-

tant transthyretin causes multi-organ failure. Although

Val30Met (p.Val50Met) is the most common mutation in

ATTRm amyloidosis, over 130 other mutations have been

reported to date (1). Recent studies have revealed that cer-

tain types of non-Val30Met patients are more frequent than

Val30Met patients in some countries (2-4). The phenotypes

associated with non-Val30Met ATTRm amyloidosis are

highly diverse and primarily include neuropathy, cardio-

myopathy, or oculoleptomeningeal involvement (5). In addi-

tion, the neuropathic features of non-Val30Met patients vary

depending on the corresponding mutations (6, 7). Auto-

nomic manifestations are frequently reported in non-

Val30Met patients (5, 7). Among these, orthostatic symp-

toms resulting from cardiovascular autonomic dysfunctions

significantly disturb daily life (8). Cardiovascular autonomic

functions have primarily been investigated in patients with

Val30Met mutations (9-14). In contrast, information regard-

ing systematic cardiovascular autonomic functions in non-
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Table　1.　Clinical Characteristics.

Case Mutation
Predominant 

phenotype
Sex

Age at 

examination 

(years)

Duration of 

neuropathy 

(years)

Initial 

symptom of 

neuropathy

Modified 

Rankin  

scale*

Cardiac findings

CTR** 

(%)

EF*** 

(%)

IVS*** 

thickness 

(mm)

E/e’

Plasma 

BNP 

(pg/mL)

1 Val94Gly Neuropathy F 51 2 P in UE 2 51 61 11.6 11.9 56.1

2 Val71Ala Neuropathy F 35 4 P in LE 4 38 74  7.5 ND ND

3 Pro24Ser Neuropathy M 75 5 P in LE 2 44 62 13.1 14.6 56.7

4 Thr60Ala Cardiomyopathy M 64 1 P in LE 1 52 39 15.2 21.1 89.2****

5 Tyr114Cys Oculolepto-

meningeal

M 43 4 P in LE 3 36 66  9.5 9.9 55.8

CTR: cardiothoracic ratio, EF: ejection fraction, IVS: interventricular septum, LE: lower extremities, ND: not determined, P: paraesthesia or pain, UE: upper 

extremities

*According to a previous report (15): 0=no symptoms at all; 1=no significant disability despite the presence of symptoms, demonstrated as the ability to per-

form all typical duties and activities; 2=slight disability, demonstrated as the inability to perform all previous activities but the ability to perform self-care 

without assistance; 3=moderate disability, demonstrated as requiring some help but being able to walk without assistance; 4=moderately severe disability, 

demonstrated as the inability to walk without assistance and to attend to bodily needs without assistance; and 5=severe disability, demonstrated as being bed-

ridden and incontinent and requiring constant nursing care and attention.

**Assessed by chest X-ray

***Assessed by two-dimensional and M-mode echocardiography

****Diuretic agents were administered.

The normal values for CTR, EF, IVS thickness, E/e’ and plasma BNP are ≤50%, >60%, ≤ 11 mm, ≤8, and ≤ 20 pg/mL, respectively.

Val30Met patients remains scarce.

In this study, we systematically assessed the cardiac and

peripheral vasomotor autonomic functions in five non-

Val30Met (Val94Gly, Val71Ala, Pro24Ser, Thr60Ala, and

Tyr114Cys) ATTRm amyloidosis patients by analysing the

coefficient of variation of R-R intervals (CVR-R), responses

to the Valsalva manoeuvre, head-up tilt test results, norad-

renaline infusion test results, and ( 123 ) I-

metaiodobenzylguanidine (MIBG) uptake on myocardial

scintigraphy.

Materials and Methods

Patients

We examined the cardiac and vasomotor autonomic func-

tions in five ATTRm amyloidosis patients with non-Val30

Met (Val94Gly, Val71Ala, Pro24Ser, Thr60Ala, and

Tyr114Cys) mutations who were referred to the Nagoya

University Graduate School of Medicine (Table 1). All pa-

tients except one were from Japan; Patient 2 (Val71Ala) was

an immigrant from Brazil. The severity of neuropathy was

assessed by the modified Rankin Scale at the time of the

autonomic function tests (15). Informed consent was ob-

tained, and this study was approved by the Ethics Commit-

tees of Nagoya University Graduate School of Medicine and

conformed to the Ethical Guidelines for Medical and Health

Research Involving Human Subjects endorsed by the Japa-

nese government.

Cardiovascular autonomic function tests

Cardiovascular autonomic function tests were performed

consecutively in the morning as previously de-

scribed (14, 16-19). All patients discontinued any drugs that

might influence the cardiovascular system for at least 12

hours prior to the study and fasted in the morning. Electro-

cardiogram recordings were collected in the supine position

with normal breathing to analyse the CVR-R using a stan-

dard device after 5 minutes of bed rest (14). We then per-

formed the Valsalva manoeuvre (19); the intrathoracic pres-

sure was kept at 40 mmHg for 15 seconds by blowing

through a mouthpiece connected to a mercury manometer (i.

e. Valsalva strain). The changes in systolic blood pressure

and R-R intervals were divided into four phases. We defined

a time frame of 30 seconds from the initiation of the Val-

salva strain to determine the maximum systolic blood pres-

sure in phase IV because some patients may not exhibit the

overshoot of systolic blood pressure normally observed in

phase IV (19). The Valsalva ratio was calculated as the

maximum R-R interval in phase IV divided by the minimum

R-R interval in phase II. The pressure difference between

the baseline systolic blood pressure and the maximum sys-

tolic blood pressure in phase IV was defined as the Valsalva

test.

Next, we conducted the head-up tilt test. After resting in a

supine position for at least 5 minutes, subjects were tilted up

to 60° in a stepwise manner (20°, 40°, and 60° for 5 min-

utes each) to assess the change in systolic blood pressure at

60° compared with the baseline level in the supine position.

Cardiovascular recordings were performed using a noninva-

sive monitoring device (Task Force Monitor, CNSystems,

Medizintechnik, Graz, Austria) during the head-up tilt test to

examine the total peripheral resistance (18, 20). Total pe-

ripheral resistance was calculated using the cardiac output,

mean arterial pressure, and central venous pressure (18, 20).

Cardiac parameters were obtained at every beat from imped-
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Table　2.　Autonomic Symptoms.

Case
Nausea

/vomiting
Diarrhoea Constipation

Orthostatic intolerance
Dysuria

Dizziness Syncope

1 - + - + - -

2 - - + -* -* -

3 - - - + - +

4 - + - + - -

5 + - + + + +

+: present, -: absent

*Absent due to the inability to maintain a standing position

Table　3.　Autonomic Tests.

Case
CVR-R

(%)

Valsalva

ratio

Valsalva

test

(mmHg)

Heat-up tilt test
NA 

infusion

(mmHg)

Myocardial MIBG scintigraphy

sBP

(mmHg)

dBP

(mmHg)

HR

(beats/

min)

TPR change

at 60° from

baseline (%)

Early

H/M 

ratio

Delay

H/M 

ratio

Wash out

rate

(%)

1 0.71 1.00 -7 -47 -38 -1 -54.9 ND 1.48 1.22 65.6

2 0.95 0.94 -2 −73 −50 +32 ND +21 1.99 1.70 41.0

3 1.03 1.03 +15 −23 −29 +10 -41.5 +30 1.86 1.27 72.4

4 1.16 0.90 -4 −7 0 +19 -25.9 +13 2.30 1.55 72.7

5 0.68 1.00 -3 -23 −21 +6 -8.2 +29 ND ND ND

CVR-R: coefficient of variation of R-R intervals, H/M: heart-to-mediastinum, dBP: diastolic blood pressure, HR: heart rate, MIBG: (123)I-metaiodobenzyl-

guanidine, NA: noradrenaline, ND: not determined, sBP: systolic blood pressure, TPR: total peripheral resistance

The normal control values for CVR-R, Valsalva ratio, Valsalva test, sBP change, TPR change, NA infusion, early H/M ratio, delay HM ratio, and washout 

rate are>1.41%, ≥1.29, >0 mmHg, <20 mmHg, >0%, ≤20 mmHg, ≥2.2, ≥2.2, and ≤34%, respectively (14).

ance cardiography, and the average of the last 30 seconds at

baseline, the fifth minute of the 20°, 40°, and 60° tilts, and

the third minute after the return to the supine position were

used for the analysis. Control values for impedance car-

diography were obtained from 24 normal healthy subjects

over 50 years of age (mean ± standard deviation: 63.9±8.0

years old) (14).

To determine the denervation supersensitivity of the resis-

tance vessels to norepinephrine, the systolic blood pressure

response to low-dose norepinephrine was assessed (16). A

diluted norepinephrine solution was administered intrave-

nously for 3 minutes at a rate of 3 μg/min, and the increase

in the systolic blood pressure, representing denervation su-

persensitivity, was assessed. During testing, the condition of

each subject was continuously monitored by electrocardio-

gram, and blood pressure was measured every minute using

a mercury sphygmomanometer placed on the upper arm op-

posite to that used for norepinephrine infusion.

MIBG scintigraphy

Myocardial MIBG scintigraphy was performed on a dif-

ferent day within one week of the aforementioned auto-

nomic function tests, as described previously (14, 21). None

of the patients were taking drugs known to affect the MIBG

uptake, such as calcium channel blockers or tricyclic antide-

pressants. MIBG (111 mBq) was injected intravenously.

Early images were obtained 15 minutes after the injection,

and delayed images were obtained after 3 hours. Regions of

interest included the whole heart and the mediastinum in the

anterior projection, and the MIBG heart-to-mediastinum (H/

M) ratio was also calculated. MIBG imaging was standard-

ized using a calibration phantom method.

Results

Patient characteristics

The initial manifestation of amyloidosis consisted of

numbness in the limbs in Patients 1 (Val94Gly), 2 (Val71Ala),

and 3 (Pro24Ser). In these patients, only symptoms resulting

from neuropathy were reported at the time of the examina-

tion, although thickening of the interventricular septum and

elevation of plasma B-type natriuretic peptide was detected

in Patients 1 and 3 (Table 1). Cardiomyopathy was predomi-

nant in Patient 4 (Thr60Ala), and antidiuretic agents were

initiated one year before the examination, after which only

mild numbness in the toes was reported as symptoms attrib-

utable to neuropathy in this patient. The initial manifestation

of vitreous opacities due to amyloidosis in Patient 5

(Tyr114Cys) appeared seven years before the autonomic

tests. This patient was diagnosed with oculopleptomenin-

geal-type ATTRm amyloidosis. All patients reported some

symptoms that were attributable to autonomic dysfunctions

at the time of the autonomic tests (Table 2). All patients

who were able to maintain a standing position reported

some degree of orthostatic symptoms, and one (Patient 5)
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had a history of syncope. Another patient (Patient 2) did not

complain of any orthostatic symptoms because this patient

could not maintain a standing position due to weakness in

the lower limbs.

Autonomic tests

All but one patient (Patient 4) with predominant cardio-

myopathy manifested orthostatic hypotension, which is de-

fined as a reduction in the systolic blood pressure of at least

20 mmHg in the 60° position during the head-up tilt test

(Table 3). The CVR-R and Valsalva ratio were abnormal in

all patients, suggesting the presence of cardiac parasympa-

thetic dysfunctions. An overshoot of systolic blood pressure

in the Valsalva test was not observed in four patients, indi-

cating impaired cardiac sympathetic functions in these pa-

tients. Myocardial MIBG scintigraphy also indicated cardiac

sympathetic denervation in all of the examined patients. The

MIBG H/M ratio tended to be lower in late images than in

early images.

The total peripheral resistance at 60° tilt was increased

compared with the baseline levels in all normal subjects (14)

but was lower than at baseline in all examined patients. The

absence of an increase in the total peripheral resistance in

these patients suggests an impaired peripheral vasoconstric-

tor response to orthostatic stress due to denervation of effer-

ent sympathetic nerves (18, 20). Figure shows the sequential

changes over time in the systolic blood pressure, diastolic

blood pressure, heart rate, and total peripheral resistance at

the fifth minute of the 20°, 40°, and 60° tilts, as measured

by impedance cardiography. In normal subjects, the systolic

blood pressure tended to be preserved during the head-up

tilt test but was significantly decreased at the fifth minute of

the 60° tilts in Patients 1, 3, and 5 (Figure A). Recovery

from this drop in the blood pressure was observed after

these patients returned to the supine position. The pattern of

sequential changes in the diastolic blood pressure was simi-

lar to that observed for the systolic blood pressure in both

ATTRm amyloidosis patients and normal subjects (Fig-

ure B). Regarding the change in the heart rate, an increase

was observed during orthostatic stress in Patients 3 to 5

(Figure C) similar to that in normal subjects. However, the

heart rate did not increase in Patient 1, who manifested the

most prominent orthostatic hypotension. In contrast, the pat-

tern of change in total peripheral resistance in our patients

differed from that observed in normal subjects, even in Pa-

tient 4, who did not have significant orthostatic hypotension

(Figure D).

An infusion of low-dose noradrenaline induced a rise in

the systolic blood pressure in all examined patients. Three

of these patients were considered to have supersensitivity of

the resistance vessels due to denervation of peripheral sym-

pathetic efferent fibres, because they showed an increase in

the systolic blood pressure exceeding 20 mmHg (22). The

systolic blood pressure increased by less than 20 mmHg in

1 patient with predominant cardiomyopathy but no signifi-

cant orthostatic hypotension (Patient 4).

Discussion

Autonomic dysfunctions are considered characteristic of

ATTRm amyloidosis because they have been found to be

prominent from the initial phase of neuropathy, particularly

in conventional early-onset Val30Met cases from endemic

foci of Portugal and Japan (23, 24). In contrast, autonomic

symptoms are less conspicuous, particularly in the early dis-

ease phase, in late-onset Val30Met cases from non-endemic

areas (8, 25). Evaluating the autonomic function is impor-

tant in ATTRm amyloidosis for making an early diagno-

sis (10, 26), monitoring the status of liver transplanta-

tion (13, 27-29), and predicting the prognosis (2, 30). Al-

though a correlation between the sudomotor innervation and

functional status has been reported in Ala97Ser patients in

Taiwan (2), information regarding the spectrum and severity

of autonomic dysfunction in non-Val30Met patients is lack-

ing.

Large-scale studies have suggested that clinically signifi-

cant autonomic dysfunctions are prevalent even in patients

with non-Val30Met mutations (3, 5, 7). Most reports regard-

ing the postmortem examination of non-Val30Met ATTRm

amyloidosis have emphasized amyloid deposition in the tho-

racic sympathetic ganglia (31-34). According to a detailed

postmortem examination of the peripheral nervous system in

a recipient who died eight years after sequential liver trans-

plantation from a ATTRm amyloidosis donor with a

Tyr114Cys mutation, amyloid deposition was found only in

the thoracic sympathetic ganglia and median nerve at the

level of the carpal tunnel (35). These reports indicate that

autonomic ganglia are susceptible sites of amyloid deposi-

tion, even in non-Val30Met ATTRm amyloidosis patients.

However, a preserved autonomic function despite significant

somatic sensory and motor neuropathy was reported in a pa-

tient with an Ala97Gly mutation (6). Thus, autonomic dys-

functions in non-Val30Met ATTRm amyloidosis patients

may be diverse and have not yet been fully elucidated, par-

ticularly in clinical practice.

In this study, we systematically assessed the cardiac and

peripheral vasomotor autonomic functions in non-Val30Met

ATTRm amyloidosis patients. Although the number of ex-

amined patients was few, three major phenotypes of ATTRm

amyloidosis (i.e. neuropathy, cardiomyopathy, and oculolep-

tomeningeal involvement) were included. Although one pa-

tient with predominant cardiomyopathy did not manifest or-

thostatic hypotension during the head-up tilt test, other auto-

nomic tests indicated the presence of widespread cardiac and

peripheral vasomotor autonomic dysfunctions in this patient.

The profile of cardiovascular autonomic dysfunctions there-

fore seemed to be similar in our patients regardless of their

phenotypes, suggesting a common pathology of autonomic

involvement in non-Val30Met ATTRm amyloidosis.

In contrast to the cardiac autonomic functions, the periph-

eral vasomotor functions have rarely been examined, even in

Val30Met patients (11, 12, 14, 36). In the present study, the
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Figure.　Sequential changes over time in the systolic blood pressure (A), diastolic blood pressure (B), 
heart rate (C), and total peripheral resistance (D) at the fifth minute of the 20°, 40°, and 60° tilts, as 
measured by impedance cardiography. (A) In normal subjects, the systolic blood pressure tended to 
be preserved during the head-up tilt test but decreased significantly at the fifth minute of the 60° tilt 
in Patients 1, 3, and 5. Recovery from the drop in the blood pressure was observed in these patients 
after returning to the supine position. (B) The pattern of sequential changes in the diastolic blood 
pressure was similar to that in the systolic blood pressure in both ATTRm amyloidosis patients and 
normal subjects. (C) An increase in the heart rate was observed during orthostatic stress in Patients 
3 to 5; this pattern was similar to that in normal subjects. However, the heart rate did not increase in 
Patient 1, who manifested the most prominent orthostatic hypotension. (D) The pattern of change in 
total peripheral resistance in ATTRm amyloidosis patients differed from that observed in normal 
subjects, even in Patient 4, who did not have significant orthostatic hypotension. Control values were 
obtained from 24 normal healthy subjects 63.9 ± 8.0 (mean  SD) years of age (14). The error bars 
represent the standard error of the mean.

total peripheral resistance at 60° tilt did not increase from

the baseline values in any of the examined patients, and an

infusion of low-dose noradrenaline induced a significant in-

crease in the systolic blood pressure except for in a patient

with mild neuropathy. These findings indicate that impair-

ment of the peripheral sympathetic vasoconstrictor function

was prevalent in our patients. However, the presence of su-

persensitivity to low-dose noradrenaline suggests that the

vasoconstrictor function of the resistance vessels was pre-

served even in the patient with advanced neuropathy, indi-

cating the usefulness of alpha-adrenoceptor agonists in the

management of orthostatic hypotension in ATTRm amyloi-

dosis patients with non-Val30Met mutations.
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