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Abstract
Purpose  To review the management of gastrointestinal symptoms in patients with hereditary transthyretin amyloidosis, 
discussing diagnostic evaluations, assessment of disease progression and therapeutic strategies that could be implemented 
in routine practice.
Methods  Literature review. Key search terms included “gastrointestinal symptoms”, “autonomic neuropathy”, “hereditary 
transthyretin amyloidosis” and “familial amyloid polyneuropathy”.
Results  Gastrointestinal disturbances are a common and serious manifestation of hereditary transthyretin amyloidosis, with 
significant effects on patients’ quality of life and demonstrating a strong association with mortality. Gastrointestinal involve-
ment is more often subclinical in the early stages of the disease, although in some patients gastric and/or bowel abnormalities 
may be the inaugural symptoms. In both cases, under-recognition, delayed investigation and suboptimal treatment frequently 
occur. A clear understanding of the mechanisms underlying gastrointestinal  dysfunction in hereditary transthyretin amyloi-
dosis is still lacking, but similar to diabetic enteropathy, multiple pathophysiological alterations seem to play a role.
Conclusions  Early detection and treatment of gastrointestinal disturbances is key to the successful treatment of this devas-
tating disease. Gastroenterologists play a valuable role in both the diagnosis and the timely management of gastrointestinal 
symptoms in hereditary transthyretin amyloidosis and should, therefore, be part of a multidisciplinary and comprehensive 
approach to this disorder.
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Introduction

Several manifestations of hereditary transthyretin amyloido-
sis (ATTRv) are related to the early and progressive dam-
age to the autonomic nervous system. Similar to diabetic 
autonomic neuropathy, impairment of the enteric nervous 
system and its extrinsic efferent sympathetic and parasym-
pathetic innervation results in altered motility and defective 
secretory function within the entire gastrointestinal (GI) 
tract [1]. Patients complain of a large spectrum of disabling 
symptoms that are mostly attributable to reduced upper and 

lower GI motor function. Development and maintenance of 
early satiety, postprandial fullness, bloating, nausea, vomit-
ing and weight loss are ascribed to impaired gastric empt-
ing, although the correlation between objective measures 
and reported symptoms is not clear [2, 3]. Constipation, 
alternating constipation and diarrhoea, chronic diarrhoea, 
abdominal pain and faecal incontinence are associated with 
abnormal bowel function and contribute significantly to 
the development of malnutrition that characterizes the later 
stages of the disease [4].

The prevalence of GI manifestations in ATTRv has been 
investigated extensively across different genotypes and phe-
notypes. In a cross-sectional study from the Transthyretin 
Amyloidosis Outcomes Survey (THAOS) registry, between 
56 and 69% of patients, depending on mutation, reported 
GI disturbances [5]. Symptoms are more frequent in V30M 
than in non-V30M patients and significantly more common 
in the early onset than in the late-onset phenotype. These 
findings are fully consistent with previous observations from 
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other series [6–8]. The frequency and type of GI manifes-
tations in ATTRv patients from THAOS are displayed in 
Table 1. Unintentional weight loss is the most common, 
followed by early satiety and symptoms from the lower GI 
tract. A considerable number of patients complain of fae-
cal incontinence, a devastating condition with regard to the 
patient’s quality of life. Between 10 and 20% experience 
nausea and vomiting. Notably, patients may report weight 
loss before they develop any symptoms from the GI tract and 
even before symptoms of neuropathy occur [9]. GI bleed-
ing is rarely if ever caused by ATTRv. Likewise, intestinal 
obstruction is not an expected complication. Patients with 
such symptoms should therefore be investigated as non-
ATTR amyloidosis [10].

Gastrointestinal manifestations result in higher disease 
burden and dramatically affect patients’ quality of life, limit-
ing working and social activities, increasing hospitalizations 
and causing significant psychological distress in family and 
caregivers as well. In the THAOS study, both upper and 
lower GI symptoms were negatively associated with the 
EuroQol EQ-5D index score, with faecal incontinence hav-
ing the most profound effect [5]. The incidence of GI distur-
bances rises over time and has a negative impact on nutri-
tional status and prognosis [11]. Malnutrition measured by 
the modified body mass index (mBMI), where BMI is mul-
tiplied by serum albumin (g/L) to compensate for oedema, 
is strongly correlated with patient survival and with the 
outcome after liver transplantation [12, 13]. Therefore, GI 
involvement has a substantial impact on treatment choices 
and confers a heightened risk of mortality [14].

As in diabetic enteropathy, GI involvement in ATTRv 
may be subclinical in the early stages of the disease, 
resulting in under-recognition, delayed investigation and 
suboptimal treatment. On the other hand, isolated bowel 
abnormalities may be the presenting symptoms in some 
patients [15]. Not infrequently, these patients undergo sev-
eral rounds of endoscopic evaluations before the diagnosis 
is ultimately established. As ATTR amyloid deposition is 

mostly submucosal, endoscopy does not show significant 
findings, and biopsies are often not taken. Different stud-
ies have proven that deep sampling, including submucosal 
vessels, is required to detect ATTRv amyloid deposits [16, 
17]. A higher amyloid content has been reported in the 
upper GI tract compared with the lower, so if care is taken 
to obtain sufficiently deep biopsies, the stomach and the 
duodenum are probably the most suitable sites from which 
informative samples can be obtained [17, 18].

In this review, we discuss diagnostic investigations and 
therapeutic strategies for GI dysfunction in ATTRv. To 
highlight the most relevant problems encountered in the 
daily management of GI manifestations in ATTRv we pre-
sent and comment on two cases that provide useful real-life 
information.

Case 1: a woman with recurrent vomiting 
and peripheral neuropathy

A 69-year-old woman presented with progressive numb-
ness in hands and feet, abnormal gait and evidence, on nerve 
conduction studies, of a moderate, mixed, predominantly 
sensory polyneuropathy at limbs. She was previously exten-
sively evaluated and also treated with intravenous immu-
noglobulins without benefit. In her medical history she 
reported a 20-kg weight loss over the past 3 years, associ-
ated with recurrent episodes of vomiting lasting 3–5 days 
and requiring frequent hospitalizations. Gastroenterological 
evaluations included a double-contrast barium swallow, a 
total-body PET and two gastroscopy procedures performed 
1 year apart. No significant findings were detected and biop-
sies were not taken. She was started on antidepressants. On 
evaluation, the patient was ambulatory but unable to walk on 
heels and toes. Neurological examination showed reduced 
thermal, pinprick and light-touch sensation with gloves and 
socks distribution and weakness at lower limbs associated 
with moderate muscle hypotrophy. Her body weight was 
44 kg (BMI 17.4, mBMI 852). Echocardiography was con-
sistent with amyloid infiltration (mean left ventricular wall 
(mLVW) thickness 14 mm, ejection fraction [EF] 50%) with 
N-terminal pro-B-type natriuretic peptide (NT-proBNP) of 
2429 pg/mL (u.r.l. 334). Serum and urine immunofixation 
tests were negative, with free light chains within reference 
range and a normal κ/λ ratio. An abdominal fat aspirate was 
positive and genetic testing showed a heterozygous Val-
30Met TTR​ variant. ATTRv was diagnosed and the patient 
was started on tafamidis 20 mg/day. Oral suspension eryth-
romycin 250 mg BID was also prescribed, but in spite of 
an initial benefit for gastric symptoms, it was discontinued 
because of diarrhoea. Domperidone (10 mg BID before 
meals) was recommended. Oral nutritional and vitamin D 

Table 1   Frequency of gastrointestinal symptoms reported by patients 
with hereditary transthyretin amyloidosis at the time of enrolment in 
the THAOS registry (Adapted from [5])

Symptom Frequency (%)

Unintentional weight loss 31.5
Early satiety 26.4
Diarrhoea/constipation 24.3
Constipation 20.9
Diarrhoea 19.8
Nausea 17.1
Vomiting 13.4
Faecal incontinence 6.2
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supplementation was also introduced. Vomiting episodes 
decreased significantly. However, mild morning nausea 
recurred. Levosulpiride 25 mg twice a day was cyclically 
alternated with domperidone. Three years after tafamidis 
was started, her body weight was 50 kg and mBMI remained 
stable (889).

Comments

Pathophysiology of gastrointestinal disturbances

Early satiety, postprandial fullness, nausea, vomiting and 
weight loss are symptoms of gastroparesis, a delay in the 
emptying of contents from the stomach into the small 
bowel in the absence of mechanical gastric outlet obstruc-
tion [19]. The pathogenesis of gastric retention and its 
relationship with GI disturbances is poorly elucidated in 
ATTRv. In a Swedish series, none of the patients showing 
a severe delay in gastric emptying on scintigraphy actu-
ally complained of upper GI symptoms [2]. In another 
study from the same centre, gastric emptying appeared 
stable 5 years after liver transplantation, although the 
reported symptom scores significantly worsened over time 
[3].

Published data on gastrointestinal function in ATTRv 
are largely limited to patients with the V30M variant, but 
findings are likely representative of other mutations as 
well. Gastroparesis is generally attributed to autonomic 
dysfunction, but the actual role of the efferent sympathetic 
and parasympathetic autonomic system is not clear. An 
autopsy study revealed pronounced amyloid infiltration 
and destruction of the vagal nerve and ganglion [20], and a 
study of oesophageal function noted motility disturbances 
that were attributable to vagal dysfunction [21]. However, 
in a study of gastric emptying, the relationship with vagal 
activity, measured by heart rate variability (HRV), was 
poor [2].

The enteric nervous system has been examined in 
autopsy samples, and the enteric nerves and ganglions 
were surprisingly well preserved in a study of autopsy 
material from Japan, where amyloid was found in only 
18% of the examined ganglia of the myenteric plexus of 
the stomach. In the small intestine, 6% of examined gan-
glia showed amyloid deposits and no deposits were found 
in the myenteric plexus of the colon. However, a reduc-
tion in colonic vasoactive intestinal polypeptide (VIP)-
immunoreactive nerve fibres and neurons in the myenteric 
plexus was noted that might be one of the factors con-
tributing to ATTRv patients GI motility disturbances [22, 
23]. In another study, degeneration of enteric nerve plex-
uses was observed in two patients, and heavier amyloid 

deposition was found in the wall of the stomach than in 
the rectum [18].

The intestinal endocrine cells have been investigated 
in the small and large intestine, and profound depletion 
was noted [24–26]. However, after liver transplantation, 
the number of endocrine cells returned to normal levels, 
without a corresponding normalisation of the GI symp-
toms; thus, the role of endocrine GI cells is uncertain [27]. 
A recent investigation of the intestinal cells of Cajal in 
the gastric ventricle noted a marked depletion [28]. This 
finding is interesting, since a similar depletion has been 
noted in patients with diabetes mellitus. The cells of Cajal 
are regarded as the pacemaker cells of the intestine that 
ensure a normal synchronized motility pattern through-
out the intestine. The finding is supported by a study of 
small intestinal motility, where abnormally configured or 
propagated phase III complexes (fasting motility pattern) 
were found in 58% of the patients [1]. The fasting motil-
ity pattern ensures clearance of the small intestine after a 
meal, and abnormal small intestinal motility predisposes to 
bacterial contamination of the small intestine and also gas-
tric retention. Therefore, gastroparesis in ATTRv patients 
probably reflects a generally disturbed GI motility pattern, 
and not merely impaired gastric emptying.

Diagnosis and monitoring of upper GI dysfunction

Even though the mechanisms leading to GI disturbances are 
not settled, investigations of upper GI symptoms are war-
ranted in ATTRv patients, together with thorough exclusion 
of other treatable and reversible causes. Examinations may 
include endoscopy, oesophageal and intestinal manometry, 
and gastric emptying studies. Endoscopy is commonly 
employed in the evaluation of patients with GI disturbances. 
However, its role in the context of ATTRv is limited. Apart 
from gastric retention suggested by the presence of residual 
gastric content after an overnight fast, findings are usually 
non-specific, including a fine granular appearance of the 
mucosa, and therefore give no clue to the diagnosis [29]. 
Biopsy specimens may however be important in confirming 
the diagnosis by the finding of amyloid deposits. As dis-
cussed above, submucosal vessels should be present in the 
biopsy specimens, since amyloid deposits are rarely found 
in the mucosa [16].

A high frequency of abnormal oesophageal motility, even 
in asymptomatic patients, has been reported in a small series 
[21]. However, the role of oesophageal, as well as intestinal 
motility investigations in the evaluation of ATTRv patients 
GI disturbances remains to be established [1]. Apart from 
endoscopic diagnosis of gastric retention, gastric emptying 
studies by radioactive labelled meal has been used. In 39% 
of 162 patients with ATTRv delayed gastric emptying was 
noted. The correlation between delayed gastric emptying 
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and symptoms was poor, and mostly noted in patients with 
symptoms from both the upper and lower GI tract [2]. How-
ever, gastroparesis significantly correlated with a low mBMI 
and patients with severe gastric retention had significantly 
lower mBMI.

Measurement of gastrointestinal motility and transit 
times, including gastric emptying at “one go”, is now pos-
sible with the wireless motility capsule. This is a conveni-
ent method that will provide important information, and the 
device is approved within both the USA and the EU [30]. 
No study on ATTRv patients has, however, been published.

Finally, in the advanced stages of the disease, adrenal 
insufficiency secondary to amyloid infiltration may poten-
tially contribute to nausea, weight loss and vomiting. It is 
thus appropriate to perform a cortisol determination in the 
morning and, when abnormal, an adrenocorticotropic hor-
mone (ACTH) test [4].

Nutritional status and patients’ reported symptoms are 
validated tools for defining gastrointestinal involvement and 
monitoring disease progression both in routine practice and 
in clinical trials [31, 32]. Commonly used questionnaires 
developed for assessing upper GI symptoms in several 
conditions, i.e. the Patient Assessment of Gastrointestinal 
Disorders Symptom Severity Index (PAGI-SYM) and Gas-
troparesis Cardinal Symptom Index (GCSI), have not been 
validated in ATTRv [33]. The Swedish group has proposed 
a specific questionnaire that proved useful for measuring 
the extent of GI involvement in several studies [4]. The 
compound autonomic dysfunction test (CADT), developed 
in France more than a decade ago, is another simple and 
reproducible scale that scores upper and lower GI symptoms 
according to their frequency [34]. The Composite Auto-
nomic Symptom Score (COMPASS)-31 questionnaire was 
recently used in the registration trial for the siRNA patisiran 
to account for GI manifestations in combination with other 
autonomic domains [35].

The mBMI index is a well-established measure of nutri-
tional status that has been shown to correlate with neuro-
logical function, including familial amyloid polyneuropathy 
(FAP) stages, and duration of gastrointestinal manifestations 
[36]. It deteriorates significantly over time in untreated 
patients and strongly predicts survival after liver transplanta-
tion. It has proved to be an important secondary endpoint in 
clinical trials for ATTRv, where preservation of mBMI was 
closely associated with neurological response and improve-
ment in quality of life [37–40].

Management of symptoms

Treatment should aim at relieving symptoms and halting 
the progression of gastrointestinal dysfunction in order 
to preserve nutritional status and quality of life. The 
therapeutic strategy therefore relies on a combination of 

specific therapy for ATTRv and supportive care. Effective 
disease-modifying treatments for hereditary TTR amy-
loidosis that target different steps of the amyloidogenic 
pathway are increasingly available [41]. Pharmacological 
agents include small-molecule TTR stabilizers, namely 
tafamidis and diflunisal, that prevent tetramer dissociation 
and protein misfolding, and gene-silencing drugs that, by 
selectively degrading TTR mRNA into hepatocytes, sup-
press the synthesis of the circulating precursor [37–40].

Supportive therapy is of outmost importance and should 
be guided by an accurate evaluation of the patient’s more 
debilitating symptoms. As in diabetic enteropathy, symp-
tomatic relief of upper GI symptoms is challenging. More-
over, studies in patients with hereditary ATTR amyloido-
sis are lacking. Table 2 reports conventional symptomatic 
treatments for upper and lower GI disturbances.

Dietary changes may be useful, and advice should 
include small-volume meals with low soluble fibre and 
fat content. Nutritional supplementation could also be 
considered early in the disease course. Prokinetics are the 
mainstay for the management of symptoms related to gas-
tric paresis. Erythromycin, which acts as a motilin receptor 
agonist, is the first choice in the Swedish centre in Umeå 
[4] and may be prescribed in a dose of 50–250 mg two to 
three times a day. The lower dose at the Umeå centre was 
found to be as effective as the usual dose of 250 mg three 
times daily, whereas the higher doses typically employed 
often induce saturation of the receptor with a rapid decline 
in response, and increase side effects [42, 43]. Domperi-
done (10 mg twice daily, 15 min before meals) may be 
effective in reducing early satiety and in preventing nausea 
and vomiting episodes. In Italy we prefer it to metoclo-
pramide for prolonged treatment, using short courses of 
metoclopramide IM or IV on acute attacks of recurrent 
vomiting. In this context, prompt electrolyte and fluid 
supplementation is also important to prevent the develop-
ment of metabolic alkalosis and hypotension related to 
volume depletion, to which patients with ATTRv may be 
particularly susceptible because of the concomitant use of 
diuretics for cardiomyopathy. Levosulpiride may also be 
considered in cases of reduced appetite due to delayed gas-
tric emptying and is a useful alternative, cyclically, to limit 
the potential drawbacks of prolonged use of domperidone. 
However, like domperidone, it is not available in all coun-
tries. Novel drugs that stimulate gastrointestinal motility, 
such as ghrelin agonists, have been investigated in diabetic 
enteropathy. Relamorelin was proven effective and safe 
versus placebo in reducing symptoms of gastroparesis in 
diabetic patients [44]. However, it is not currently avail-
able, but is under consideration for approval by the Euro-
pean Medicines Agency. Similarly, benefits were obtained 
with the novel 5-HT4 agonist prucalopride [45]. Given the 
similarities to the pathophysiology of diabetic enteropathy, 
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these drugs may reasonably be used for treating ATTRv 
gastroparesis, although it would be important to evaluate 
their role in a controlled trial. To our knowledge, there 
is no relevant experience with gastric stimulators in the 
management of gastroparesis in ATTRv. In addition, pace-
maker treatment constitutes a contraindication.

Case 2: a young man with weight loss 
and diarrhoea

A 43-year-old man began to experience bowel abnormali-
ties consisting of periods of marked constipation alternat-
ing with occasional loose, non-bloody stools of varying 

volume. Progressive recurrent episodes of diarrhoea then 
occurred. Gastroenterological evaluations were performed 
that excluded celiac disease and endocrine and autoimmune 
disorders. Stool cultures were negative and inflammatory 
markers were within reference range, including faecal cal-
protectin. On laboratory tests only mild macrocytosis was 
documented, with serum vitamin B12 slightly reduced. 
Lactase deficiency was genetically disclosed, but no signifi-
cant improvement was obtained from dietary changes. He 
was treated with probiotics and vitamin supplementation. 
Colonoscopy was performed twice, with no significant find-
ings and no indication to biopsy. A computed tomography of 
the abdomen was negative. A gastroscopy showed gastroe-
sophageal reflux disease requiring a proton pump inhibitor. 

Table 2   Medical treatment for 
gastrointestinal complications 
in ATTRv

a Not available in all countries
b Under consideration for approval by the European Medicines Agency
c According to local practice; the most effective antibiotic for this indication is not settled
d Substantial variation in types of probiotics among different countries; most preparations contain strains of 
Lactobacillus

Underlying pathology Symptoms Available treatments

Gastroparesis Early satiety, nausea and vomiting D2 receptor antagonists
 Domperidonea

  Metoclopramide
 Levosulpiridea

Motilin receptor agonists
  Erythromycin
5-HT4 agonists
 Prucalopride

Ghrelin agonist
  Relamorelinb

Small bowel bacterial con-
tamination

Constipation/diarrhoea, diarrhoea Antibioticsc

   Rifaximin
  Metronidazole
  Amoxicillin/clavulanic acid
 Doxycycline

Probioticsd

Slow transit Constipation Osmotic active preparations
  Polyethylene glycol
  Picosulphatea

5-HT4 agonists
   Linaclotide
   Lubiprostonea

 Prucalopride
Bile acid malabsorption Diarrhoea Bile acid sequestrants

  Cholestyramine (preferably in 
conjunction with a reduced-fat 
diet)

Rapid GI transit Diarrhoea Opioid receptor agonists
  Loperamide
Somatostatin analogues
 Octreotide
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Cholestyramine failed to improve bowel symptoms. A trial 
with beclometasone was also performed, with no signifi-
cant benefit. Progressive fatigue and significant weight loss 
occurred over the following 12 months, with daily diar-
rhoea and profound muscle weakness. Mesalazine 1000 
BID was then started, with no substantial changes. When 
a second-degree relative was diagnosed with transthyretin 
cardiac amyloidosis, the patient was referred to our centre 
for further investigation. On evaluation, he complained of 
severe fatigue, erectile dysfunction, difficulty in swallow-
ing, chronic diarrhoea with 6–7 movements/day and limb 
weakness. On his past medical history he reported bilat-
eral carpal tunnel syndrome surgically treated at the age of 
37 years. Body weight was 61 kg (BMI 21, mBMI 950). No 
sensory abnormalities were found on neurological examina-
tion, but weakness was reduced in the upper limbs and he 
had difficulty in rising from a kneeling position. Although 
asymptomatic, orthostatic hypotension was measured. TTR 
cardiac amyloidosis was diagnosed on echocardiography 
and by means of DPD scintigraphy, with NT-proBNP of 
532 pg/mL (u.r.l. 88). Serum and urinary immunofixation 
was negative. Nerve conduction studies showed a mild, pre-
dominantly axonal, sensorimotor polyneuropathy. Genetic 
testing identified heterozygosity for the p.Glu89Gln TTR​ 
variant, establishing the diagnosis of ATTRv. The severe 
autonomic dysfunction combined with a non-V30M variant 
did not support indication to combined liver-heart transplan-
tation in spite of a mild, stage I peripheral neuropathy. Con-
sidering the marked bowel abnormalities with undigested 
pills recurrently found in stools, we recommended enrol-
ment in a clinical trial with the novel gene-silencing agent 
patisiran. Symptomatic treatment was established with lop-
eramide and octreotide (0.05 mg up to three times a day). 
The latter was however discontinued shortly afterwards due 
to recurrent hypoglycemia. Rifaximin and probiotics were 
recommended cyclically.

Comments

Diagnosis and monitoring of lower GI dysfunction

Abnormal bowel function, presenting as either constipa-
tion, diarrhoea, alternating constipation/diarrhoea or fae-
cal incontinence, may be the inaugural manifestation of 
ATTRv, particularly in patients with early-onset V30M or 
certain non-V30M variants [5, 7]. As discussed above, dif-
ferent mechanisms impair the coordinate neural networks 
responsible for small bowel motility, resulting in delayed GI 
transit time and ineffective peristalsis [46]. Small intestinal 
bacterial overgrowth (SIBO) and bile acid malabsorption, 
commonly associated with abnormal motility, also contrib-
ute to worsened symptoms related to neuropathy [4]. On 

the contrary, no significant association between hereditary 
ATTR amyloidosis and other GI disorders that may cause 
diarrhoea, including celiac disease, microscopic colitis or 
exocrine pancreatic insufficiency, has been reported to date.

Bacterial contamination of the small bowel is indeed a 
well-recognized complication of ATTRv. It gives rise to 
either continuous or intermittent diarrhoea and constipa-
tion. The diagnosis can be difficult, since sensitivity of the 
available tests is relatively low. Culture of aspirates from the 
small intestine can be used, but the procedure is cumber-
some, since anaerobic cultures are required. More commonly 
available is the hydrogen breath test, where the hydrogen 
content in expired air is measured after ingestion of glucose. 
Sensitivity of 60% is reported, and some dietary restrictions 
are required before the test. Bacterial contamination was 
found by hydrogen breath tests in 50% of 14 patients under-
going evaluation before liver transplantation. Measurement 
of methane is also recommended [47], given its importance 
in GI symptoms and because the potential presence of an 
excess of methanogenic microbes in the gut may signifi-
cantly impact on hydrogen measurement, as these bacteria 
utilize H2 in the generation of CH4. In a small series of seven 
patient, abnormal 14C-glycocholate breath test results were 
found in six [48]. This test relies on de-conjugation of bile 
acids as a marker of bacterial contamination; however, the 
possibility of concomitant bile acid malabsorption makes the 
test unreliable [49]. Nevertheless, the few studies published 
on bacterial contamination of the small bowel indicate that 
it is common among those with diarrhoea, and since it is 
treatable by antibiotics, it should be diagnosed and managed.

Various markers of malabsorption have been used in the 
evaluation of ATTRv. Fat malabsorption measured by faecal 
fat determination is rarely performed today, but steatorrhoea 
is a common finding in ATTRv patients with diarrhoea. In 
fact, it was found in 30 of 47 patients (58%) examined in 
a Swedish cross-sectional study [50], and in seven of 16 
patients under evaluation for liver transplantation [49]. In 
a study from Switzerland, six of seven ATTRv patients 
suffering from diarrhoea were found to have steatorrhoea 
[48]. Malabsorption of vitamin B12 and xylose has also been 
reported in ATTRv patients [48]. Moreover, the presence of 
bile acid malabsorption has been shown to affect survival 
after liver transplantation and to be a common complication 
in patients with diarrhoea [12, 47, 51]. Diagnosis of bile acid 
and fat malabsorption is important, as the diarrhoea they 
cause can often be relieved by appropriate treatment and 
dietary restrictions. In recent years, the 75-selenium homo-
cholic acid taurine (SeHCAT) test has become increasing 
used worldwide for the diagnosis of bile acid malabsorption, 
being simple, fast and well-tolerated, and having higher sen-
sitivity and specificity than other methods [52].
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Management of symptoms

Treatment of lower GI disturbances is extremely important 
to mitigate symptoms and preserve quality of life, particu-
larly work and social activities, and to avoid malnutrition. 
Obstinate constipation often precedes the appearance of 
loose stools and faecal incontinence, but may cause signifi-
cant discomfort. Patients may benefit from osmotic laxatives 
and polyethylene glycol is usually the most effective option 
[4]. Picosulphate can be used, usually as droplets once daily, 
but it is not generally available in Europe. Newer agents 
such as linaclotide (once daily), lubiprostone, although not 
generally available in Europe (twice daily) and prucalopride 
can be reasonably considered when laxatives have failed 
[53], although there is no reported experience in ATTRv. 
Increased dietary fibre content is usually poorly effective.

Diarrhoea, continuous or alternating with constipation, 
should always be promptly treated, although symptomatic 
management may be disappointing. Bacterial contamination 
is a common underlying cause for alternating diarrhoea and 
constipation, and should be tested for, and treatment with 
antibiotics could be considered even if the test is negative. 
Treatment of SIBO should be precautionary, i.e. monthly 
cycles consisting of rifaximin on days 1–7. The antibiotic 
course can be followed by probiotics, but the efficacy or type 
of probiotic is not evaluated on this indication. Data from 
studies in diarrhoea-predominant irritable bowel syndrome 
(IBS-D) associated with SIBO suggest a beneficial effect of 
modulation of gut microbiota by probiotics mostly from the 
Lactobacillus and Bifidobacterium genera, although multi-
strain formulations have been increasingly investigated [54, 
55]. The course of antibiotics is repeated after 14–21 days 
according to recurrence of diarrhoea. Since rifaximin is not 
absorbed, it appears attractive to use, but other antibiotics 
can be given according to local experience, including amoxi-
cillin and clavulanic acid, metronidazole or ciprofloxacin. 
Given that recurrent treatment with broad-spectrum antibi-
otics is the current approach in SIBO, the risk of disruption 
of the gut microbiota and occurrence of antibiotic resistance 
should not be underestimated. Microbial resistance to rifaxi-
min is considered rare and transient due to the high local 
concentration of the drug and to the absence of horizontal 
transmission [56, 57]; however, which agent actually has the 
most favourable long-term profile remains elusive.

Since bile acid malabsorption and steatorrhoea often are 
associated with more chronic diarrhoea, a reduced-fat diet 
together with bile acid sequestrants should be tried, prefer-
ably after testing for bile acid malabsorption. Moreover, it 
is important that the diet is well balanced and sufficient in 
calories.

Symptomatic treatment with anti-diarrhoeal opioids, i.e. 
loperamide, is a mainstay of therapy for diarrhoea. Lopera-
mide is recommended on demand, according to the number 

of daily bowel movements, and doses up to 12–16 mg/day 
may be allowed [4]. Some patients benefit from regular use 
of 2 mg of loperamide in the morning and/or in the evening, 
preventing frequent bowel movements and loose stools.

The management of patients who present with prolonged, 
severe constipation that alternates with days of diarrhoea, 
or who develop substantial diarrhoea following the use of 
even low-dose laxatives, appears particularly challenging. In 
these cases, a stepwise approach is recommended, i.e. gradu-
ally increasing the dosing of laxatives, avoiding their daily 
use, assessing the tolerability of different osmotic agents, 
or considering stimulant laxative suppositories to minimize 
diarrhoea. In most of these cases, bacterial contamination is 
likely to contribute to the diarrhoeal episodes that alternate 
with constipation, suggesting that a short cycle of rifaximin 
when bowel movements increase could also be effective and 
better tolerated than anti-diarrhoeal opioids, which might 
worsen the slow-transit constipation.

Somatostatin analogues, particularly octreotide, can be 
administered to patients with chronic diarrhoea who fail 
to respond to loperamide. A recent retrospective series in 
French ATTRv patients refractory to loperamide showed 
that long-term treatment with octreotide was associated 
with remission of diarrhoea in two-thirds of cases, improve-
ment in the number of daily movements and reduced faecal 
incontinence [58]. However, hypoglycemia was the most 
common side effect, leading to treatment discontinuation 
in two cases [58]. Although long-acting formulations may 
be considered, it is wise to start with subcutaneous daily 
injections (0.05 mg twice a day and slowly increasing up to 
0.1 mg three times a day) to allow prompt discontinuation 
should abdominal pain or hypoglycemia occur.

Vitamin (including vitamins D, A and B12) and calcium 
supplementation are also recommended when diarrhoea 
becomes persistent. In selected cases, when severe malnu-
trition develops and/or patients’ quality of life is completely 
devastated by the high frequency of daily movements usually 
associated with faecal incontinence, parenteral nutrition may 
be considered to improve nutritional status while reducing or 
replacing oral nutrition to control diarrhoea [59]. Diarrhoea 
is closely related to faecal incontinence, and if the treatment 
of diarrhoea fails, the remaining option is a stoma. A well-
functioning stoma gives patients a chance to control their 
defecation that otherwise leaves them housebound and iso-
lated. Impaired hand function is a problem, but most patients 
are able to manage a modern stoma even with impaired hand 
function [60].
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Conclusions

Early recognition of gastrointestinal dysfunction is important 
to enable prompt treatment to relieve symptoms, preserve 
quality of life and prevent malnutrition. Diagnostic tools for 
GI abnormalities are still limited, and most investigations are 
not routinely applied in clinical practice. Nutritional status 
and self-reported symptoms, scored according to validated 
questionnaires, are presently widely accepted measures for 
monitoring GI involvement in ATTRv. Better knowledge of 
the mechanisms responsible for the gastrointestinal mani-
festations of the disease can provide novel targets for more 
effective supportive treatment of these symptoms. As in dia-
betic enteropathy, future developments may include restora-
tion of the gut microbiota or tissue regeneration. These strat-
egies will complement our increasing ability to effectively 
treat this condition. Indeed, pharmacological approaches are 
now available that stabilize TTR native structure or suppress 
its hepatic production, preventing additional amyloid deposi-
tion. Gastroenterologists therefore play an important role in 
ATTRv, and their expertise should be valued for an effective 
multidisciplinary approach to this disease.

Funding  This work was supported by Fondazione Cariplo, Italy (grant 
no. 2014-0700 to Dr. Obici). This manuscript is part of a supplement 
sponsored by Akcea Therapeutics.

Compliance with ethical standards 

Conflict of interest  Dr. Obici declares speaker and consultation hono-
raria from Pfizer, Alnylam and Akcea. Dr. Suhr declares speaker and 
consultation honoraria from Pfizer, Alnylam, Akcea and Intellia.

Open Access  This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat​iveco​
mmons​.org/licen​ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

References

	 1.	 Wixner J, Tornblom H, Karling P, Anan I, Lindberg G (2018) 
Abnormal small bowel motility in patients with hereditary tran-
sthyretin amyloidosis. Neurogastroenterol Motil 30(9):e13354

	 2.	 Wixner J, Karling P, Rydh A et al (2012) Gastric emptying in 
hereditary transthyretin amyloidosis: the impact of autonomic 
neuropathy. Neurogastroenterol Motil 24(12):e1111–e1568

	 3.	 Wixner J, Sundström T, Karling P, Anan I, Suhr OB (2015) Out-
come of gastric emptying and gastrointestinal symptoms after 
liver transplantation for hereditary transthyretin amyloidosis. 
BMC Gastroenterol 15:51

	 4.	 Wixner J, Suhr OB, Anan I (2018) Management of gastrointestinal 
complications in hereditary transthyretin amyloidosis: a single-
center experience over 40 years. Expert Rev Gastroenterol Hepa-
tol 12(1):73–81

	 5.	 Wixner J, Mundayat R, Karayal ON et al (2014) THAOS: gas-
trointestinal manifestations of transthyretin amyloidosis-common 
complications of a rare disease. Orphanet J Rare Dis 9:61

	 6.	 Koike H, Misu K, Ikeda S et al (2002) Type I (transthyretin 
Met30) familial amyloid polyneuropathy in Japan: early- vs late-
onset form. Arch Neurol 59(11):1771–1776

	 7.	 Conceição I, De Carvalho M (2007) Clinical variability in type 
I familial amyloid polyneuropathy (Val30Met): comparison 
between late- and early-onset cases in Portugal. Muscle Nerve 
35(1):115–118

	 8.	 Mariani LL, Lozeron P, Théaudin M et al (2015) Genotype–phe-
notype correlation and course of transthyretin familial amyloid 
polyneuropathies in France. Ann Neurol 78(6):901–916

	 9.	 Coutinho P, da Silva AM, Lima JK, Barbosa AR (1980) Forty 
years of experience with type I amyloid neuropathy. Review of 
483 cases. In: Glenner GG, Costa PP, de Freitas AF (eds) Amyloid 
and amyloidosis. Excerpta Medica, Amsterdam, pp 88–98

	10.	 Cowan AJ, Skinner M, Seldin DC et al (2013) Amyloidosis of the 
gastrointestinal tract: a 13-year, single-center, referral experience. 
Haematologica 98(1):141–146

	11.	 Andersson R (1976) Familial amyloidosis with polyneuropathy. A 
clinical study based on patients living in northern Sweden. Acta 
Med Scand Suppl 590:1–64

	12.	 Suhr O, Danielsson A, Holmgren G, Steen L (1994) Malnutri-
tion and gastrointestinal dysfunction as prognostic factors for 
survival in familial amyloidotic polyneuropathy. J Intern Med 
235(5):479–485

	13.	 Ericzon BG, Wilczek HE, Larsson M et al (2015) Liver trans-
plantation for hereditary transthyretin amyloidosis: after 
20 years still the best therapeutic alternative? Transplantation 
99(9):1847–1854

	14.	 Suhr O, Danielsson A, Rydh A, Nyhlin N, Hietala SO, Steen L 
(1996) Impact of gastrointestinal dysfunction on survival after 
liver transplantation for familial amyloidotic polyneuropathy. Dig 
Dis Sci 41(10):1909–1914

	15.	 Podboy A, Anderson BW, Sweetser S (2016) 61-year-old man with 
chronic diarrhea. Mayo Clin Proc 91(2):e23–e28

	16.	 Freudenthaler S, Hegenbart U, Schönland S, Behrens HM, Krüger 
S, Röcken C (2016) Amyloid in biopsies of the gastrointestinal 
tract-a retrospective observational study on 542 patients. Virchows 
Arch 468(5):569–577

	17.	 Iida T, Yamano H, Nakase H (2018) Systemic amyloidosis with 
gastrointestinal involvement: diagnosis from endoscopic and his-
tological views. J Gastroenterol Hepatol 33(3):583–590

	18.	 Ikeda SI, Makishita H, Oguchi K, Yanagisawa N, Nagata T (1982) 
Gastrointestinal amyloid deposition in familial amyloid polyneu-
ropathy. Neurology 32(12):1364–1368

	19.	 Parkman HP, Hasler WL, Fisher RS (2004) American Gastroen-
terological Association medical position statement: diagnosis and 
treatment of gastroparesis. Gastroenterology 127(5):1589–1591

	20.	 Ikeda S, Yanagisawa N, Hongo M, Ito N (1987) Vagus nerve and 
celiac ganglion lesions in generalized amyloidosis. A correlative 
study of familial amyloid polyneuropathy and AL-amyloidosis. J 
Neurol Sci 79:129–139

	21.	 Bjerle P, Ek B, Linderholm H, Steen L (1993) Oesophageal dys-
function in familial amyloidosis with polyneuropathy. Clin Physiol 
13(1):57–69

	22.	 Anan I, El-Salhy M, Ando Y et al (1999) Colonic enteric nerv-
ous system in patients with familial amyloidotic neuropathy. Acta 
Neuropathol 98(1):48–54

	23.	 Anan I, El-Salhy M, Ando Y, Terazaki H, Suhr OB (2001) Com-
parison of amyloid deposits and infiltration of enteric nervous 
system in the upper with those in the lower gastrointestinal tract 
in patients with familial amyloidotic polyneuropathy. Acta Neu-
ropathol 102(3):227–232

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


S63Clinical Autonomic Research (2019) 29 (Suppl 1):S55–S63	

1 3

	24.	 Anan I, El-Salhy M, Ando Y et al (1999) Colonic endocrine cells 
in patients with familial amyloidotic polyneuropathy. J Intern Med 
245(5):469–473

	25.	 El-Salhy M, Suhr O (1996) Endocrine cells in rectal biopsy spec-
imens from patients with familial amyloidotic polyneuropathy. 
Scand J Gastroenterol 31(1):68–73

	26.	 El-Salhy M, Suhr O, Stenling R, Wilander E, Grimelius L (1994) 
Impact of familial amyloid associated polyneuropathy on duode-
nal endocrine cells. Gut 35(10):1413–1418

	27.	 Anan I, El-Salhy M, Nyhlin N, Suhr OB (2000) Liver transplanta-
tion restores endocrine cells in patients with familial amyloidotic 
polyneuropathy. Transplantation 70(5):794–799

	28.	 Wixner J, Obayashi K, Ando Y, Karling P, Anan I (2013) Loss of 
gastric interstitial cells of Cajal in patients with hereditary tran-
sthyretin amyloidosis. Amyloid 20(2):99–106

	29.	 Yoshimatsu S, Ando Y, Terazaki H et al (1998) Endoscopic and 
pathological manifestations of the gastrointestinal tract in famil-
ial amyloidotic polyneuropathy type I (Met30). J Intern Med 
243(1):65–72

	30.	 Farmer AD, Wegeberg AL, Brock B et al (2018) Regional gas-
trointestinal contractility parameters using the wireless motility 
capsule: inter-observer reproducibility and influence of age, gen-
der and study country. Aliment Pharmacol Ther 47(3):391–400

	31.	 Adams D, Suhr OB, Hund E et al (2016) First European consensus 
for diagnosis, management, and treatment of transthyretin familial 
amyloid polyneuropathy. Curr Opin Neurol 29(S1):S14–S26

	32.	 Gonzalez-Duarte A (2018) Autonomic involvement in hereditary 
transthyretin amyloidosis (hATTR amyloidosis). Clin Auton Res. 
https​://doi.org/10.1007/s1028​6-018-0514-2

	33.	 Meldgaard T, Olesen SS, Farmer AD et al (2018) Diabetic enter-
opathy: from molecule to mechanism-based treatment. J Diabetes 
Res 2018:3827301

	34.	 Denier C, Ducot B, Husson H et al (2007) A brief compound test 
for assessment of autonomic and sensory-motor dysfunction in 
familial amyloid polyneuropathy. J Neurol 254(12):1684–1688

	35.	 Adams D, Suhr OB, Dyck PJ et al (2017) Trial design and ration-
ale for APOLLO, a phase 3, placebo-controlled study of patisiran 
in patients with hereditary ATTR amyloidosis with polyneuropa-
thy. BMC Neurol 17(1):181

	36.	 Coelho T, Vinik A, Vinik EJ, Tripp T, Packman J, Grogan DR 
(2017) Clinical measures in transthyretin familial amyloid poly-
neuropathy. Muscle Nerve 55(3):323–332

	37.	 Coelho T, Maia LF, Martins da Silva A et al (2012) Tafamidis 
for transthyretin familial amyloid polyneuropathy: a randomized, 
controlled trial. Neurology 79(8):785–792

	38.	 Berk JL, Suhr OB, Obici L et al (2013) Repurposing diflunisal 
for familial amyloid polyneuropathy: a randomized clinical trial. 
JAMA 310(24):2658–2667

	39.	 Benson MD, Waddington-Cruz M, Berk JL et al (2018) Inotersen 
treatment for patients with hereditary transthyretin amyloidosis. 
N Engl J Med 379(1):22–31

	40.	 Adams D, Gonzalez-Duarte A, O’Riordan WD et al (2018) Pati-
siran, an RNAi therapeutic, for hereditary transthyretin amyloi-
dosis. N Engl J Med 379(1):11–21

	41.	 Planté-Bordeneuve V (2018) Transthyretin familial amyloid poly-
neuropathy: an update. J Neurol 265(4):976–983

	42.	 Stevens JE, Jones KL, Rayner CK, Horowitz M (2013) Patho-
physiology and pharmacotherapy of gastroparesis: current and 
future perspectives. Expert Opin Pharmacother 14(9):1171–1186

	43.	 Janssens J, Peeters TL, Vantrappen G et al (1990) Improvement 
of gastric emptying in diabetic gastroparesis by erythromycin. 
Preliminary studies. N Engl J Med 322(15):1028–1031

	44.	 Camilleri M, McCallum RW, Tack J, Spence SC, Gottesdiener K, 
Fiedorek FT (2017) Efficacy and safety of relamorelin in diabetics 
with symptoms of gastroparesis: a randomized, placebo-controlled 
study. Gastroenterology 153(5):1240–1250

	45.	 Omer A, Quigley EMM (2017) An update on prucalopride in 
the treatment of chronic constipation. Therap Adv Gastroenterol 
10(11):877–887

	46.	 Ito T, Sakakibara R, Ito S et al (2006) Mechanism of constipation 
in familial amyloid polyneuropathy: a case report. Intern Med 
45(20):1173–1175

	47.	 Rezaie A, Buresi M, Lembo A et al (2017) Hydrogen and meth-
ane-based breath testing in gastrointestinal disorders: the North-
American consensus. Am J Gastroenterol 112(5):775–784

	48.	 Feurle GE (1987) Pathophysiology of diarrhoea in patients with 
familial amyloid neuropathy. Digestion 36(1):13–17

	49.	 Suhr O, Danielsson A, Steen L (1992) Bile acid malabsorption 
caused by gastrointestinal motility dysfunction? An investigation 
of gastrointestinal disturbances in familial amyloidosis with poly-
neuropathy. Scand J Gastroenterol 27(3):201–207

	50.	 Steen LE, Ek BO (1984) Familial amyloidosis with polyneuropa-
thy. Aspects of the relationship between gastrointestinal symp-
toms, EMG findings, and malabsorption studies. Scand J Gastro-
enterol 19(4):480–486

	51.	 Suhr O, Danielsson A, Rydh A, Nyhlin N, Hietala SO, Steen L 
(1996) Impact of gastrointestinal dysfunction on survival after 
liver transplantation for familial amyloidotic polyneuropathy. Dig 
Dis Sci 41(10):1909–1914

	52.	 Fani B, Bertani L, Paglianiti I et al (2018) Pros and cons of 
the SeHCAT test in bile acid diarrhea: a more appropriate use 
of an old nuclear medicine technique. Gastroenterol Res Pract 
2018:2097359

	53.	 Rao SS, Rattanakovit K, Patcharatrakul T (2016) Diagnosis and 
management of chronic constipation in adults. Nat Rev Gastroen-
terol Hepatol 13(5):295–305

	54.	 Harris HA, Baffy N (2017) Modulation of the gut microbiota: a 
focus on treatments for irritable bowel syndrome. Postgrad Med 
129(8):872–888

	55.	 Lee SH, Joo NS, Kim KM, Kim KN (2018) The therapeutic effect 
of a multistrain probiotic on diarrhea-predominant irritable bowel 
syndrome: a pilot study. Gastroenterol Res Pract 2018:8791916

	56.	 Ponziani FR, Pecere S, Lopetuso L, Scaldaferri F, Cammarota 
G, Gasbarrini A (2016) Rifaximin for the treatment of irritable 
bowel syndrome-a drug safety evaluation. Expert Opin Drug Saf 
15(7):983–991

	57.	 Chang C (2018) Short-course therapy for diarrhea-predominant 
irritable bowel syndrome: understanding the mechanism, impact 
on gut microbiota, and safety and tolerability of rifaximin. Clin 
Exp Gastroenterol 11:335–345

	58.	 Collins M, Pellat A, Antoni G et al (2018) Somatostatin analogues 
for refractory diarrhoea in familial amyloid polyneuropathy. PLoS 
One 13(8):e0201869

	59.	 Russo M, Vita GL, Stancanelli C, Mazzeo A, Vita G, Messina S 
(2016) Parenteral nutrition improves nutritional status, autonomic 
symptoms and quality of life in transthyretin amyloid polyneu-
ropathy. Neuromuscul Disord 26(6):374–377

	60.	 Ek BO, Holmlund DE, Sjodin JG, Steen LE (1978) Enterostomy 
in patients with primary neuropathic amyloidosis. Am J Gastro-
enterol 70(4):365–370

https://doi.org/10.1007/s10286-018-0514-2

	Diagnosis and treatment of gastrointestinal dysfunction in hereditary TTR amyloidosis
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Case 1: a woman with recurrent vomiting and peripheral neuropathy
	Comments
	Pathophysiology of gastrointestinal disturbances
	Diagnosis and monitoring of upper GI dysfunction
	Management of symptoms

	Case 2: a young man with weight loss and diarrhoea
	Comments
	Diagnosis and monitoring of lower GI dysfunction
	Management of symptoms

	Conclusions
	References




