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Abstract: Over the last decade, new medical treatment modalities have emerged based on 

increased insights into amyloid formation. With the increased possibilities for treatment of 

amyloidosis caused by transthyretin (TTR) amyloid deposits comes the need for diagnostic 

procedures for early diagnosis and better tools to follow disease progression. This is of particular 

importance in clinical trials evaluating the efficacy of new treatments. Until recently, the treat-

ment of TTR amyloidosis (ATTR) was based solely on liver transplantation, a procedure that has 

halted disease progression in many patients. Liver transplantation has been especially effective 

in patients under the age of 50 years carrying the TTR V30M mutation, whereas the outcome 

of the procedure has been variable for others, particularly elderly male patients and those carry-

ing a non-V30M mutation. This review concentrates on new insights derived from  our center’s 

experience with liver transplantation, how to implement this experience in evaluation of new 

treatment modalities for ATTR, and how to facilitate early diagnosis of neuropathy with easily 

available diagnostic tools. Attention has focused on manifestations of the disease that involve 

the heart and the peripheral nervous system; change in peripheral nerve function has been the 

primary endpoint in two controlled clinical trials, one finished and one ongoing. New insights 

into the amyloid formation process and the lessons learned from liver transplantation give the 

opportunity to design potentially effective treatment modalities for ATTR. It appears reason-

able to suspect that a combination of different treatment modalities may be required to treat the 

disease, and that different treatment regimes will be designed according to the phenotype of the 

disease. For the patients and their relatives there is now a solid foundation for optimism, with 

prospects of several effective medical treatment possibilities within the coming decade.
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Introduction
Transthyretin (TTR) amyloid contains misfolded TTR that has assembled into 

 beta-pleated sheets: amyloid fibrils. It is generally believed that mutations in the TTR 

gene alter the stability of the TTR tetramer, leading to formation of misfolded mono-

mers that assemble into amyloid fibrils.1,2 More than 100 amyloidogenic mutations 

have been identified,3,4 with the most common probably being the V122I, which has 

a prevalence of close to 4% in the African-American population.5 The V122I muta-

tion gives rise to cardiomyopathy caused by amyloid deposition in the myocardium, 

whereas another common mutation, V30M, is primarily associated with a peripheral 

neuropathy. However, it should be noted that wild-type TTR can assemble into amy-

loid, giving rise to cardiomyopathy that generally occurs after the seventh decade of 

life and with a male predominance.6 Interestingly, in the vervet monkey the V122I 
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mutation has been found in aged animals that developed 

cardiomyopathy and heart failure; thus, the V122I mutation 

is naturally occurring in humans and monkeys, and it causes 

cardiomyopathy in both species.7

The clinical presentation of TTR amyloidosis (ATTR) 

is extremely varied, not only between mutations but also 

between different geographic populations carrying the same 

mutation.8–10 In addition, variation in phenotype within a geo-

graphic area has been described for the V30M mutation.11,12 

The disease is relentlessly progressive and the survival rate 

is generally between 10 and 15 years.13–16

Since liver transplantation was introduced as a treatment 

for the disease, knowledge has expanded further. It has 

become clear that no improvement has been noted for certain 

mutations after liver transplantation, especially in patients with 

symptoms from the central nervous system (CNS) and those 

whose foremost complications involve the heart, whereas for 

other mutations, particularly the V30M mutation in younger 

patients, the progress of the disease has been halted.17–26 

In patients with TTR amyloid cardiomyopathy, combined 

liver and heart transplantations have been performed with 

encouraging results.27,28 Considering the risk that the patient 

takes by undergoing a liver transplantation, the failure to halt 

disease progression in many cases, the shortage of organs 

available for transplantation, and the need for transplant 

patients to be on lifelong immune suppression therapy, the 

need for effective medical treatments is conspicuous.

Evaluation of the efficacy of a treatment must rely on 

outcome measurements. To achieve reliable outcome mea-

surements in patients with ATTR has proven to be difficult: 

the disease has a very variable phenotype, and improved 

survival – the ultimate measurement of efficacy – takes 

considerable time to validate in a disease with an expected 

survival rate of 10 years or more. To overcome this lack of 

validated outcome measures in ATTR, recent double-blind 

studies of a TTR-stabilizing agent, tafamidis meglumine, have 

employed rating scales developed for scoring of neuropathy 

in diabetes mellitus as markers of disease progression.29,30 

However, a neurological scale is probably not a useful tool 

for patients with dominant cardiomyopathy.

This review will concentrate on new insights into amyloid 

fibril composition and its impact on the disease phenotype, 

derived from our center’s experience with ATTR amyloidosis. 

In addition, medical treatment and tools for early recognition 

of neurological impairment will be discussed.

The authors performed a search for published papers 

within the area of ATTR and its complications, including 

cardiomyopathy, autonomic and peripheral neuropathy, and 

liver transplantation: the search tools used were PubMed and 

Web of Science.

New insights into amyloid  
fibril composition
Histopathological examination of amyloid deposits has 

revealed the existence of two different forms of  TTR  deposits: 

one with a strong congophilic reaction and the other with a 

weaker affinity for Congo red.31,32 The weak staining has been 

noted for patients with wild-type ATTR but has also been 

noted for some V30M patients. Further analysis by Western 

blot showed that the differences in affinity for Congo red was 

associated with differences in fibril composition: full-length 

TTR amyloid fibrils were associated with a strong affinity 

for Congo red, whereas weak affinity was noted in deposits 

containing a mixture of full-length and truncated TTR amy-

loid fibrils.31,33 Examination of the fibril composition from 

different organs showed that the composition was similar in 

all tissues from the same individual. Therefore, fibril compo-

sition in material obtained from subcutaneous fat was similar 

to that found in the heart.33 Importantly, the difference could 

be linked to the phenotype of the disease, where the mixed 

fibril type was found in late-onset V30M patients as well as in 

senile systemic amyloidosis patients, and the full-length TTR 

fibrils were found in early-onset V30M patients. In addition, 

the mixed fibril type was associated with cardiomyopathy, 

whereas full-length fibrils were found in patients where 

neuropathy dominated the clinical picture.33

Since cardiomyopathy has been a problem after liver 

transplantation in late-onset V30M patients, especially males, 

who have a phenotype resembling that of senile systemic 

amyloidosis, the possibility that amyloid fibril composition 

may have an effect on posttransplant cardiomyopathy has 

been explored. Analysis of amyloid deposits in transplant 

patients showed that wild-type TTR was rapidly incorpo-

rated in TTR amyloid deposits in patients with mixed fibrils, 

whereas this process was significantly slower in patients 

with full-length fibrils.34 Deterioration in heart function after 

transplantation was observed for patients with mixed fibrils, 

whereas no such deterioration was noted for patients with 

full-length fibrils.21 In addition, mixed fibrils were found in 

T60A amyloidosis patients and liver transplantation has not 

been successful for this mutation, with a rapid development 

of cardiomyopathy after the procedure.35 Thus, amyloid fibril 

composition appears to be related to outcome following liver 

transplantation for ATTR. The individual’s type of amyloid 

fibril composition remains the same over time and is not 

changed by transplantation.34
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The differences in f ibril composition raise some 

questions: is the amyloid formation process in ATTR the 

same for the two different forms of fibrils? Are differences in 

outcome of treatment modalities related to fibril  composition? 

These questions should be taken into consideration in future 

evaluations of treatment modalities.

Clinical expressions of ATTR
Variations in phenotype
ATTR is often divided into two phenotypes, characterized 

by the main targeted organ: (1) the heart leading to a hyper-

trophic/restrictive cardiomyopathy or (2) the peripheral 

nervous system leading to neuropathy. However, mutations 

with oculoleptomeningeal amyloidosis with symptoms from 

the CNS have also been described.36–39 The vast variation in 

ATTR is intriguing, and currently there is no explanation why 

different organs are targeted in different mutations.

V30M, one of the best-studied mutations, has displayed 

an unexpected variation in presenting symptoms and com-

plications as well as variation in age of disease onset.8,10,11,40 

For Swedish patients, the median age at onset is 56 years,41 

whereas for Portuguese, Brazilian, and Japanese patients, the 

onset in the endemic areas has been reported to be in the third 

decade of life.13,14 It was originally suspected that all V30M 

patients share a common Portuguese founder, but haplotype 

analysis has clearly shown that all Swedish patients share a 

common Swedish founder.42 Reports from Japan, Portugal, 

and France have described cases outside the endemic areas 

with a phenotype characterized by late onset (over 50 years 

of age) and often suffering from cardiomyopathy in addition 

to neuropathy.10,43 Even differences in nerve fiber losses have 

been noted between early- and late-onset cases: a predomi-

nance of small-fiber loss has been noted in early-onset cases 

while late-onset cases have been characterized by relative 

preservation of unmyelinated fibers.44 A study of Portuguese 

early- and late-onset cases has suggested that differences 

in genes coupled to proteins are associated with amyloid 

deposits, and an analysis of mitochondrial haplogroups has 

shown differences between early- and late-onset Swedish 

patients.43,45 Differences in maternally inherited mitochon-

drial DNA were also shown to be a possible explanation 

for the maternal anticipation noted for Portuguese families 

with the V30M mutation, but it could not solely explain the 

maternal anticipation observed in Swedish families with the 

V30M mutation.46 So far, no genetic factor has been identified 

that can with certainty be linked to the variation in disease 

phenotype for V30M patients, or to the variation of pheno-

types observed for the different TTR mutations.

Medical treatment for ATTR has been concentrated 

on V30M patients, with encouraging outcomes found in 

the tafamidis trial.29 Considering the low prevalence of 

 non-V30M patients, it will probably be difficult to conduct 

studies targeting other ATTR variants; however, the dif-

ferences in phenotype even for V30M amyloidosis should 

be taken into consideration when treatment studies are 

designed.

Neuropathy
Somatic neuropathy: early screening
Amyloidosis is often associated with peripheral neuropathy, 

and evaluations of peripheral nerve function bring important 

contributions to a comprehensive diagnosis of the disease. 

The most important means for objective assessment of the 

state of the peripheral nervous system are electroneurogra-

phy (ENeG) and needle electromyography (EMG), which 

evaluate the functional state of the large-diameter myeli-

nated nerve fibers. However, the neuropathy found in V30M 

patients is initially predominantly characterized by affection 

of small-diameter nerve fibers, with clinical observations of 

disturbed temperature and pain perception, or signs of organ 

dysfunctions secondary to impaired autonomic innerva-

tion (see below). As electrophysiological testing primarily 

addresses the function of large myelinated fibers, patients 

may thus report marked symptoms of sensory impairment 

without showing any detectable abnormalities in ENeG or 

EMG assessment, occasionally even for periods of several 

years. This may critically delay the diagnosis and may lead 

to pronounced nerve damage before the patient receives 

adequate therapy.

The evaluation of peripheral small-diameter myelinated 

or unmyelinated fibers is more cumbersome, as there are 

no methods for direct recording from these fibers readily 

available for clinical routine use. Quantitative evaluation 

has to be achieved indirectly by studies of the effects of thin-

diameter fiber on the target organs47,48 that require advanced 

equipment and which, because of this requirement, are not 

suitable for widespread screening of patients with minor 

symptoms. Likewise, the elaborate routines needed may not 

be mastered at nonspecialized centers and would be difficult 

to utilize for follow-up purposes at most centers. Skin biopsy 

for nerve density quantification has been utilized in ATTR 

patients with advanced neuropathy, and has been found to 

correlate with disease severity.49 However, the method has 

not been tested for early diagnosis of ATTR neuropathy and 

it requires neuropathological expertise not readily available at 

most centers. In addition, decreased blood flow in peripheral 
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tissues of ATTR patients with ensuing impaired wound heal-

ing makes the method less attractive.50

Another well-established rationale for early identification 

of small-diameter fiber polyneuropathy is thermal quantita-

tive sensory testing (QST), which is based on the patient’s 

thermal detection capacity – as determined by psychophysical 

assessments of the thermal perception thresholds (TPTs).51–59 

Such testing is routinely performed at specialist clinics, but 

a more general use of thermal QST in patients with possible 

amyloidosis has been hampered by the fact that a TPT is 

dependent on a series of compound underlying somatosen-

sory mechanisms, ranging from the peripheral sensors over 

the ascending pathways to the central processes contributing 

to thermal perception.60,61 Several alternatives have been 

suggested for thermal QST, essentially divided into reaction-

time-inclusive and reaction-time-exclusive methods.52,62 For 

practical reasons, the reaction-time-inclusive “method of 

limits” (MLI) can be recommended for clinical use, as it 

comprises a quick, reliable, and easily adopted rationale well 

understood by both examiners and patients.62–69

When tested with the MLI, a group of Swedish ATTR 

patients with genetically and biopsy-verified disease, having 

clinical symptoms of polyneuropathy but lacking electro-

physiological signs of nerve fiber abnormalities, showed 

significantly increased perception thresholds for cold and 

warmth compared with controls. The patients also showed 

more abnormal thresholds at distal test sites than the controls 

(see Figure 1).70 These findings are concordant with the notion 

of a small-diameter fiber involvement early in the course of 

the disease. However, it is important to note that the QST must 

be performed bilaterally in the legs and arms, and preferably 

with both distal and proximal test locations, at least in the 

legs. Such a testing strategy is crucial for a firm interpreta-

tion of the test results, as asymmetric alterations in peripheral 

sensory detection capacity may also be caused by other nerve 

affections, such as impingements of peripheral nerves or 

spinal roots,71,72 or by referred sensations originating from 

altered segmental sensory processing.73 Hence, to confirm 

a putative small-diameter fiber neuropathy, the QST should 

indicate bilateral threshold elevations with distal predomi-

nance, paralleling the clinically characteristic “stocking and 

glove” distribution of the sensory disturbances. Such altera-

tions in TPTs of the extremities therefore strongly corroborate 

the presence of small-diameter peripheral neuropathy or a 

debuting generalized peripheral neuropathy.

In a general outpatient or nonspecialist center setting 

where screening of unselected patient materials is available, 

a more basic approach must be adopted. To this end, testing 

of temperature discrimination with two traditional metal cyl-

inders, one cold and one warm, rolled over the skin bilaterally 

at distal and proximal test sites is suggested. The cylinders 

should have suggested suprathreshold stimulus temperatures 

of 25°C (cold) and 40°C (warm), and the patient should be 

blinded to the presentation and repetition order.

QST utilizing the method of MLI appears to be attrac-

tive for the early diagnosis of neuropathy in ATTR, since it 

detects abnormalities before ENeG and EMG. It should also 

be suited for follow-up purposes in clinical trials. So far, no 

improvement of neurological impairment has been noted in 

transplant patients, either by QST or by electrophysiologi-

cal testing.

Autonomic neuropathy
Autonomic disturbances are commonly encountered in ATTR 

and may be the presenting manifestation of the  disease. 

However, measurement of the autonomic nervous system 

is challenging, and few methods are available that offer the 

possibility for early detection of autonomic neuropathy or 

of grading the disturbances. The intricate direct intraneural 

micrographic recordings of autonomic nerve fiber activity,74 

laboratory evaluation of adrenergic “spillover,”75 and detailed 

quantitative evaluations of sweating47,76,77 are not readily 

available for clinical use but have shown promising outcomes 

for diagnosis of amyloidosis-related autonomic neuropathy 

in a study by the Mayo Clinic.78 However, the widely used 

galvanic skin response (or somatosensory evoked response) 

test is less reliable, as it cannot be used for the grading of 

autonomic activity – it can only inform whether or not a 

galvanic skin response is present.

Analysis of heart rate variability (HRV) has proven to be 

a valuable method for detecting and measuring autonomic 

impairment in ATTR patients.79–82 Two different method-

ologies have been used for evaluating cardiac autonomic 

function before and after liver transplantation for ATTR: 

(1) as a short-term HRV recording (up to 30 minutes) in a 

controlled laboratory environment with the patient placed on 

a manually operated tilt table83 or (2) as a long-term HRV 

recording using 24-hour electrocardiographic monitoring 

(Holter monitoring).79,80 Studies of Swedish patients have 

not shown any improvement in cardiac autonomic function 

after liver transplantation, but studies have also shown that 

the development of cardiac arrhythmias continues after liver 

transplantation.79,80 The latter is a major confounder when 

HRV recordings are evaluated in ATTR patients, where it 

is presumed that the heart rate fluctuations originate from 

activity in the autonomous nervous system. The present 
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authors have found that many patients present subtle atrial 

arrhythmias that lead to increased HRV, falsely indicating 

normal autonomic function.82,84,85 Therefore, all HRV record-

ings in ATTR patients must be carefully investigated to detect 

subtle atrial arrhythmias.

In the tafamidis study of V30M amyloidosis patients, 

the deep breathing test was selected as an integrated part of 

a scoring system for nerve function. The test is performed 

as a short sequence with controlled deep breathing at a rate 

of six breaths per minute, but since no previous study has 
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presented any data from this test in ATTR patients, the 

reliability of the test is questionable. Figure 2 shows three 

examples of heart rate responses during the deep breath-

ing test taken from the authors’ database of recordings in 

 Swedish patients. Patient A showed the expected response 

during deep breathing with the same fluctuations in heart rate 

as in the breathing signal (six cycles per minute), although 

there were only small respiratory-related fluctuations in heart 

rate during spontaneous breathing. Patient B had even more 

reduced HRV during spontaneous breathing but presented 

supraventricular escape beats during deep breathing, resulting 

in large fluctuations in heart rate that at first glance appeared 

to be related to the breathing pattern. Finally, patient C also 

lacked HRV during spontaneous breathing but presented an 

irregular atrial arrhythmia during deep breathing. The authors 

have observed this pattern in many ATTR patients – the deep 

breathing test triggers arrhythmias. Therefore, interpretation 

of HRV recordings and the subsequent analysis require good 

knowledge of the methods and its limitations, particularly in 

patients presenting high indices of HRV.

Recently, a marked overshoot in blood pressure was 

observed after tilt reversal in ATTR patients.86 The study 

was based on 15 ATTR patients and 14 healthy subjects, 

showing a significant inverse relationship between blood 

pressure overshoot and HRV, as well as an overshoot in 

four of the five patients who had arrhythmia. Thus, this 

investigation could provide an alternative method for the 

assessment of autonomic neuropathy in patients with cardiac 

arrhythmia.86 Finally, in addition to autonomic dysregulation, 

HRV abnormalities can also be found in patients with cardiac 

amyloidosis.87

The heart
Heart complications are important in ATTR diseases. They 

consist primarily of a restrictive-hypertrophic cardiomyo-

pathy caused by amyloid deposits in the myocardium and/

or conduction disturbances caused by amyloid infiltrations 

in the conductive system of the heart. In addition, atrial and 

even ventricular arrhythmias may develop.

Cardiomyopathy
It is not unusual that patients under evaluation for ATTR 

present with increased wall thickness on echocardiographic 

examination but do not show any symptoms consistent with 
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heart failure.88 Cardiomyopathy is more often encountered 

in elderly patients, particularly in males, or in patients with 

non-V30M mutations.12,89

It is difficult to use two-dimensional (2-D) echocardiog-

raphy to differentiate amyloid disease from other causes of 

left ventricular hypertrophy, although it may detect signs 

of amyloid infiltration of the heart. Increased septal and 

posterior wall thickness, including in the right heart, with 

abnormal systolic and diastolic function are common findings 

in amyloid heart disease. Atrial involvement as well as thick-

ened papillary muscles, valve leaflets, and small to moderate 

increased pericardial effusion should raise the suspicion of 

amyloid heart disease (Figure 3).90,91

The differentiation between cardiac amyloidosis and 

hypertrophic cardiomyopathy has clinical implications, 

since heart transplantation and new medical treatments are 

options for patients with TTR amyloid heart disease. St John 

Sutton et al92 found reduced radial systolic wall motion and 

reduced wall thickening during systole were highly specific 

for amyloid heart disease. Amyloid heart disease is also 

characterized by a high degree of highly reflective echoes 

that corresponds to nodules containing amyloid or a mixture 

of collagen and amyloid.90,91,93,94

Examination of the heart function by 2-D strain measure-

ments disclosed impaired heart function in V30M patients, 

even before increased wall thickness or any restrictive filling 

pattern were present,95 but 2-D strain measurements was 

unable to differentiate between hypertrophic or amyloid 

cardiomyopathy.96

Global strain measurement of the heart function, derived 

from speckle tracking, was used to compare the heart 

function of patients with full-length TTR amyloid fibrils and 

patients with mixed fibril type after liver transplantation, and 

deterioration in heart function was able to be identified in the 

latter group.21 In addition, since the method is largely based 

on a computerized imaging program, it is not influenced 

by intraindividual variations to the same extent as manual 

measurements of interventricular septal thickness, which 

makes it attractive for follow-up studies of treatment 

modalities.

Three-dimensional (3-D) echocardiography is a technique 

that provides assessment of volumes, dyssynchrony, and 3-D 

strain. Migrino et al97 used 3-D echocardiography to com-

pare patients with light-chain (AL) amyloidosis and healthy 

controls, and this showed left ventricular dyssynchrony in 

the AL amyloidosis patients. This technique still has the 

limitation of being highly dependent on good image quality, 

but it is under continual development and could become an 

important diagnostic tool in the future.

Even though echocardiography with the addition of new 

techniques should raise the suspicion of amyloid cardio-

myopathy and although 2-D speckle tracking measurements 

appear to be suited for follow-up examinations, additional 

noninvasive tools are needed.

One very promising technique is scintigraphic examina-

tion, either by 99 mTc-3,3-diphosphono-1,2-propanodicar-

boxylic acid (DPD)98 or by 99 mTc-pyrophosphate.99,100 This 

technique has proven to have high sensitivity and specificity 

in the detection of TTR amyloid disease and is an important 

tool for differentiating between ATTR and other types of 

cardiomyopathy. However, scintigraphic examinations have 

not yet been developed for follow-up purposes.

Magnetic resonance investigation of the heart with gado-

linium enhancement has been reported to disclose amyloid 

deposition within the myocardium and to give accurate 

estimation of heart dimensions. However, it does not appear 

to be as sensitive as DPD scintigraphy101 for the diagnosis of 

TTR amyloid deposits, and since it is more costly and cannot 

be used in patients with pacemakers, its use for diagnosis and 

follow-up purposes is limited.

Serum N-terminal pro-brain natriuretic peptide has 

proven to be a reliable indicator of heart involvement in 

AL amyloidosis, and to be useful for follow-up evaluation 

of disease treatment.102,103 The analysis could also be well 

suited for diagnosis and follow-up purposes in ATTR, since 

Figure 3 Typical patterns found in echocardiographic examinations in transthyretin 
amyloidosis patients. 
Notes: Left panel: two-dimensional echocardiogram showing increased sparkling 
echoes or highly refractile echoes (detected at points indicated by red arrows) within 
the ventricular septum (indicated by red oval). Right panel: M-mode examination 
showing low septal and posterior wall thickening between diastole (yellow) and 
systole (red). in this case the wall is not thickening during systole but is being 
dragged into the left ventricular cavity by tethering from other segments.
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it correlates with echocardiographic measurements of heart 

function. Troponin examination appears to be less useful in 

TTR amyloid cardiomyopathy than in AL amyloidosis,103 but 

high-sensitivity troponin may prove to be more useful.104

For diagnosis, the suspicion of amyloid heart disease 

should arise from echocardiographic examination, and a 

DPD scintigraphic examination should be able to differentiate 

between TTR amyloid cardiomyopathy and other forms 

of cardiomyopathy. Echocardiography with 2-D strain 

measurements in combination with serum markers such 

as pro-brain natriuretic peptide are useful for follow-up 

examinations. Since heart complications are common 

in ATTR, removal of amyloid deposits for treatment of 

cardiomyopathy or substantially decreasing TTR levels in the 

plasma to diminish amyloid formation are attractive options. 

The benefit of tafamidis or other TTR stabilizers for heart 

function has not been proven in controlled trials; an open-label 

study is completed but the outcome is not yet published.

Rhythm disturbances
Amyloid deposits in the heart are the main cause of electro-

cardiographic disturbances. Findings include heavy amyloid 

infiltrations in the sinoatrial node, the atrial musculature, and 

the atrioventricular conduction system.105,106 Moreover, the 

heart rhythm can also be affected by the autonomic dysfunc-

tion commonly found in ATTR patients.107,108

Different cross-sectional studies, mainly based on 

conventional electrocardiograms (ECGs), have revealed a 

high prevalence of conduction disturbances, intermittent 

atrial and ventricular arrhythmias, and signs of low voltages 

in the ECGs.109–112 Development of severe arrhythmia 

is common in V30M patients. A longitudinal study of 

12-lead ECG changes in non-transplant ATTR patients 

over a mean follow-up period of 8 years showed that 

19 (31%) of 61 patients required pacemaker implantation 

during the observation period.109 A study of 24-hour 

Holter ECG recordings showed a similar development of 

severe arrhythmia in transplant patients: pacemaker and 

intracardiac defibrillator implantation was performed in 

approximately 25% of patients over a median follow-up 

period of 11 years.113 Therefore, patients who have undergone 

liver transplantation should be regularly reexamined by 

Holter monitoring for arrhythmia necessitating pacemaker 

implantation. It should be noted that the recommendation 

for pacemaker implantation in ATTR patients deviates from 

recommendations for other patient groups, since the presence 

of an autonomic neuropathy diminishes the patient’s ability 

to react to bradycardia. Even severe conduction disturbances 

may be asymptomatic, since episodes of bradycardia and/

or ventricular tachyarrhythmia are often noted at night 

when the patient is asleep, increasing the risk of nocturnal 

sudden death.

The development of conduction disturbances is not 

coupled with the development of cardiomyopathy,12 probably 

because the amyloid deposition in the conduction system 

does not follow deposition in the myocardium.101 The afore-

mentioned subtle arrhythmias may be induced by amyloid 

deposition in the atrium and be related to cardiomyopathy; 

nonetheless, supraventricular arrhythmia is predominantly 

found in elderly patients.12,114

Other organs commonly  
affected in ATTR
Since ATTR is a systemic disease and amyloid deposits can 

be found in all organs, a variety of expressions of the disease 

are described for ATTR, and the outcome for different organ 

systems after liver transplantation varies, as may the response 

of these organ systems to medical treatment.

Gastrointestinal
Impaired gastrointestinal function is a common complication 

in ATTR. The mechanism is not fully understood, but auto-

nomic and enteric nervous system impairments are probably 

involved.107,115,116 Unintentional weight loss, often before 

the patient complains of gastrointestinal disturbances, is 

frequently reported.14 The decline in the patient’s nutritional 

status, measured by the modified body mass index (mBMI) 

(body mass index multiplied by serum albumin in grams per 

liter to compensate for edema) has been utilized.15,117 The 

mBMI correlates with survival and is also used as a predictor 

of mortality and morbidity after liver transplantation. It also 

serves as a secondary endpoint in the tafamidis and diflunisal 

clinical trials.29,118

No improvement in gastrointestinal function has been 

noted after liver transplantation,119 but a significantly improved 

mBMI was noted for patients treated with tafamidis compared 

with those receiving placebo.29 Thus, this index appears to be 

well suited for following patients in clinical studies and for 

evaluating the impact of treatment modalities.

Kidney
Both kidney and urinary bladder dysfunctions are common 

complications in ATTR. Impaired bladder function was 

coupled with an increased mortality after liver transplantation 

in a French study.17 Combined liver and kidney transplanta-

tion may be considered in patients with kidney failure.120,121 
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The kidney function appears to remain stable after liver 

transplantation.122

An increase in urinary tract infections was noted for 

patients treated with tafamidis compared with those receiv-

ing placebo.29

Eyes
A variety of eye complications are noted in ATTR, of which 

vitreous opacities and glaucoma are the most important.123 

Neither of these two complications subsides after transplanta-

tion, since the retina synthesizes TTR.124,125 The development 

of glaucoma is troublesome, since the damage to the patient’s 

vision is irreversible, and the impairment of vision can be 

substantial before the patient notes it.

The impact of tafamidis on eye complications has not 

yet been examined. However, the efficacy of the treatment 

depends on the compound’s ability to travel into the eye and 

exert an effect in the intraocular environment. Again, this has 

not yet been examined for tafamidis, and neither antisense 

nor silencing RNA should penetrate from the circulation into 

the eye and affect TTR production.

Carpal tunnel syndrome
A peculiar feature of ATTR is the high incidence of carpal 

tunnel syndrome – this may occur before other symptoms 

of amyloid disease.3,126 It is often bilateral but, considering 

the high incidence of carpal tunnel syndrome in the general 

population, an active search for systemic amyloidosis, in 

the absence of other symptoms, is not indicated. However, 

for a patient with peripheral neuropathy or cardiomyopathy 

of unknown etiology, a history of carpal tunnel syndrome 

should raise the suspicion of ATTR. In addition, carpal tunnel 

syndrome is often found in patients with the rare oculolep-

tomeningeal form of ATTR.127

CNS symptoms
CNS symptoms are rarely found in ATTR. However, 

they dominate in a few mutations and often resemble the 

symptoms of a minor stroke or transient ischemic attack.5,35 

Dementia, seizures, subarachnoid hemorrhage, ataxia, 

myelopathy, and deafness may also present as symptoms. 

Vitreous opacities are often an accompanying complication 

and are often referred to as the  oculoleptomeningeal form 

of ATTR. On cerebral magnetic resonance  examination, 

the amyloid deposits can be found in the meningeal 

space.3,36

The effect of liver transplantation has generally been 

disappointing for mutations with CNS engagement 

and so the procedure is not recommended. No patients 

with CNS manifestations have been included in clinical  

trials.

Treatments for ATTR currently 
approved or on the horizon
TTR stabilizers
The suggestion that TTR amyloid was formed from mis-

folded monomers raised the question whether stabilization 

of the TTR tetramer could prevent amyloid formation, and 

in vitro studies showed that this appeared to be the case.1 

 Nonsteroidal anti-inflammatory drugs appeared to be effec-

tive, but only one of the tested compounds, diflunisal, had 

a strong affinity for TTR – diflunisal is currently being 

evaluated in a controlled clinical trial.1 Tafamidis, a new 

compound with strong binding affinity and stabilizing 

properties for TTR, has recently been approved in the 

European Union for the treatment of ATTR with neuropathy 

at an early stage of the disease (stage I: patient can walk 

without support by a stick or crutch). Tafamidis showed 

disease-modifying properties in an 18-month double-blind 

clinical trial, followed by an open-label 12-month extension 

study, through a diminished progression rate of neuropathy 

in the lower limb (as measured by the Neuropathy Impair-

ment Score in the Lower Limbs), lower deterioration in 

quality of life for the patient (as measured by the Norfolk 

Questionnaire), and significantly improved nutritional status 

of the patient (as measured by the mBMI).29 The patients 

included in the trial were predominantly early-onset cases, 

a group of patients where full-length TTR amyloid fibrils 

are most commonly found; therefore, it is not yet known 

if the response is different for late-onset patients or for 

patients with other mutations, as has been the case for liver 

transplantation.

Treatment targeting TTR synthesis
Since TTR amyloid can be formed from wild-type TTR, as 

shown to be the case after liver transplantation, treatments 

aimed to decrease the amount of amyloidogenic protein (ie, 

variant and wild-type TTR) appear attractive. From trans-

genic mice experiments, TTR in the cerebral spinal fluid 

appears to be necessary for normal brain function,128 but 

outside the CNS, TTR is not required to sustain a normal 

function of vitamin A or thyroid hormone.129

To effectively decrease TTR synthesis, two different 

approaches have been taken: (1) silencing RNA, which inter-

feres with TTR synthesis in the ribosome, and (2) antisense 

nucleotide, which prevents transcription of messenger RNA 
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in the nucleus. Both methods have been utilized in phase I 

trials and have shown the ability to significantly decrease 

TTR synthesis.130,131

Treatment aimed at removing  
amyloid deposits
Serum amyloid P component (SAP) is found in all amyloid 

deposits and it appears to protect amyloid from degradation. 

Recently, an antibody to SAP was shown to be able to degrade 

amyloid deposits in an amyloid mouse model, and a com-

pound that effectively depressed SAP synthesis in patients 

with fibrinogen amyloidosis has been developed – CPHPC 

(R-1-[6-[R-2-carboxy-pyrrolidin-1-yl]-6-oxo-hexanoyl] 

pyrrolidine-2-carboxylic acid).132,133 Treatment with a com-

bination of these two compounds may be effective for all 

types of amyloid diseases.

Doxycycline is another compound with the ability to 

dissolve amyloid deposits.134 The European Committee for 

Orphan Medicinal Products has recently designated doxycy-

cline for the treatment of hereditary amyloid polyneuropathy 

(http://www.emea.europa.eu/docs/en_GB/document_library/

Orphan_designation/2012/05/WC500127736.pdf). The abil-

ity of doxycycline to treat ATTR is currently being evaluated 

in a clinical trial (ClinicalTrials.gov identifier NCT01171859), 

where doxycycline is combined with tauroursodeoxycholic 

acid. This combination has proven to be effective in a trans-

genic mouse model of V30M amyloidosis.135

Conclusion
New insights into the amyloid formation process and the 

lessons learned from liver transplantation give the oppor-

tunity to design potentially effective treatment modalities 

for ATTR.

Early treatment is required – before the patient suffers 

from severe, irreversible organ damage – and increased 

awareness of the disease is an important means of enabling 

this. Improved and easily accessible diagnostic tools provide 

the possibility of diagnosing the disease soon after onset by 

less invasive methods. Noninvasive, readily available tests 

such as thermal threshold assessment and QST are well 

suited for peripheral neuropathy. Autonomic neuropathy 

can be assessed by analysis of beat-to-beat fluctuations in 

R-R intervals. However, for ATTR patients in whom atrial 

arrhythmias are common, the risk of misinterpretation of 

the outcome should be taken into consideration, especially 

in poorly validated deep breathing tests. This is of special 

importance, since the test is often incorporated into scoring 

of nerve function in clinical trials.

Heart complications of ATTR have achieved increased 

recognition as a major problem. DPD scintigraphy together 

with new echocardiographic methods such as global strain 

measurements are generally easily available and should be 

employed for diagnosis and assessment of heart function.

The TTR-stabilizing agent tafamidis appeared to be 

unable to halt the progress of the disease, even though it 

markedly diminished the rate of disease progression. So 

far the approval of tafamidis is restricted to patients with 

polyneuropathy in an early stage of the disease. For V30M 

patients with an early onset of the disease, liver transplanta-

tion is still a valid treatment option and should be offered 

to the patients.

The finding of a continuous exchange of amyloid, where 

variant TTR is rapidly replaced by wild-type TTR in the 

amyloid deposits after liver transplantation, is encourag-

ing, since it demonstrates that amyloid deposits constantly 

undergo formation and degradation. If the concentration 

of the amyloidogenic protein is diminished, the amyloid 

deposits may subside; this should provide hope for the 

improvement of patients, especially for those suffering from 

cardiomyopathy.

It appears reasonable to suspect that a combination of dif-

ferent treatment modalities may be required for the treatment 

of the disease, and that different treatment regimes will be 

designed according to the phenotype of the disease.

For ATTR patients and their relatives there is now a solid 

foundation for optimism, with prospects of several effective 

medical treatment possibilities within the coming decade.
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