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ABSTRACT

Background & Aims: Amyloidosis is a group of systemic disorders caused by extracellular deposition of
misfolded serum proteins. Gastrointestinal (GI) involvement is associated with a higher risk of GI bleeding,
especially if mucosal lesions are present. Our study aims to evaluate the frequency of GI manifestations
in patients with amyloidosis, to clinically characterize these patients and to describe the endoscopic and
histopathologic findings in GI amyloidosis.

Methods: A retrospective, single-center study of all patients admitted with amyloidosis and GI manifestations
was conducted at a German University Hospital between July 2003 and June 2023. Clinical, endoscopic, and
histopathological data was retrieved from medical records.

Results: Between July 2003 and June 2023, 63 patients with different types of amyloidosis were included into
the study. Twenty-three (36,5%) were diagnosed with GI involvement of amyloidosis (60.9% male, median
age 62 * 18.28 years). The distribution of the types of amyloidosis were amyloid light chain (AL) at 52.5%,
transthyretin (ATTR) at 21.7%, amyloid A (AA) at 13.0%, and unknown at 18%. Initial GI symptoms were
present in 78.3% of the patients and included mainly diarrhea (34.8%), and abdominal pain (30.4%) Affected
GI organs were primarily the colon (60,8%) and the stomach (39.1%). Endoscopic findings were ulcerations
(47.8%), mucosal inflammation (43.5%), polyps (26.1%), erosions (13.0%), vascular malformation, polypoid
protrusion, submucosal hematoma, erythema, metaplasia, and diverticulum. Histopathological findings
included vascular wall thickening, (peri-)vascular and interstitial amyloid deposition. Gastrointestinal bleeding
occurred in 39.1% of the patients. The mortality rate 5 years after diagnosis was 47.8%.

Conclusions: Gastrointestinal amyloidosis can present with multiple symptoms and endoscopic findings,
rendering diagnosis a challenge. Of clinical relevance, GI bleeding was a frequent event in our patient cohort.
Therefore, clinicians must be aware of GI bleeding as a manifestation of amyloidosis and definite diagnosis
should be achieved based on biopsy results.

Key words: gastrointestinal amyloidosis — amyloid deposition — gastrointestinal bleeding — orphan disease.

Abbreviations: AA: amyloid A; AATR: transthyretin; AL: amyloid light chain; GI: gastrointestinal.

INTRODUCTION

Amyloidosis is a generic term
for extracellular tissue deposition
of insoluble aggregates of
amyloid fibrils composed of low
molecular weight subunits of a
variety of primarily misfolded
serum proteins [1, 2]. Amyloid
deposition can be confined to a
single organ, which is referred
to as localized amyloidosis [3-6]
or can cause a systemic disorder
with the appearance of deposits

distant from the synthesizing location [7-9], resulting in
multiple organ dysfunction. Often, underlying predisposing
conditions become apparent before the diagnosis of amyloidosis
is established. Clinically relevant examples are multiple
myeloma [10], monoclonal gammopathy of undetermined
significance [11-13], Waldenstrom macroglobulinemia [14,
15], and chronic uncontrolled inflammatory diseases such
as inflammatory bowel disease [16, 17], rheumatoid arthritis
[8, 18, 19], familial Mediterranean fever [20, 21], and tumor
necrosis factor-associated periodic syndrome [22]. The
clinical manifestations of amyloidosis are determined by the
type of precursor protein involved as well as the amount and
the location of the amyloid deposits [2]. Frequent systemic
forms of amyloidosis are primary amyloid light chain (AL),
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secondary serum-amyloid A (AA) and senile/hereditary
transthyretin (ATTR) amyloidosis [3, 23, 24]. In patients with
AA and AL amyloidosis, nephropathy is common [7], while
ATTR amyloidosis is mainly associated with cardiomyopathy
and neuropathy in the form of carpal tunnel syndrome [8].
AL amyloidosis can also manifest with cardiomyopathy,
hepatomegaly, and neurological disorders [7, 25-27].
Gastrointestinal (GI) involvement is common in AL amyloidosis
and can be present in AA and ATTR amyloidosis [24, 28]. In
some cases of AT'TR amyloidosis GI manifestations are present
even before the onset of polyneuropathy [29]. However,
GI amyloidosis with biopsy verification is rare. Associated
manifestations are GI bleeding [24, 30-32], malabsorption
[33-35], protein-losing enteropathy [36, 37], and motility
disorders [23, 24, 38, 39], presenting as gastroparesis, nausea
or vomiting, diarrhea, bacterial overgrowth, constipation, or
chronic intestinal pseudo-obstruction. Ischemia, infarction
or mucosal lesions such as erosions, erythema, ulcerations,
nodularity, polypoid protrusions and submucosal hematomas
are possible endoscopic findings [23, 39, 40] and may constitute
causes of GI bleeding [23, 30, 41, 42]. In cases of vascular or
hepatic amyloid deposition, vascular friability and impaired
liver function may occur, increasing the risk of GI bleeding
[43, 44]. Patients with AA amyloidosis frequently present
with diarrhea and malabsorption, whereas patients with AL
amyloidosis typically present with mechanical obstruction or
intestinal pseudo-obstruction [45]. Although amyloidosis can
be clinically suspected, performing a biopsy with the detection
of amyloid deposition is mandatory to establish the diagnosis
[29, 46]. In cases of suspected amyloidosis of the GI tract,
rectal or duodenal mucosal biopsies are preferred [24, 40].
Characteristic histopathologic findings include extracellular
hyaline deposits with distinct Congo red staining and apple-
green birefringence in polarized light [7, 23, 47]. For the
most part, GI manifestation results from either mucosal or
neuromuscular amyloid infiltration [48]. Sites of mucosal
infiltration include tongue, esophagus, stomach, small intestine,
and the colorectum [24, 40]. Neuromuscular deposition
can lead to uncoordinated, low or high amplitude smooth
muscle contractions, which can either generate a prolonged
or accelerated transit time [48]. A study with amyloidosis
patients and clinical signs of intestinal pseudo-obstruction
revealed extensive amyloid deposition in the muscularis
propria, especially in the small intestine, in AL amyloidosis
patients, whereas in AA amyloidosis patients, amyloid deposits
were primarily localized in the myenteric plexus [49]. Hence,
the localization of amyloid depositions is dependent on the
precursor protein but can lead to similar symptoms. In wild-
type AT'TR amyloidosis, deposits are usually discovered in the
veins of the subserosa of the large and small intestine [50, 51].
Survival rates differ between the types of amyloidosis. In AL
amyloidosis, the 4-year survival rate is reported to be between
40% and 60% [52] with an overall survival increasing steadily
within the last 4 decades to a median value of 4.6 years [53].
In patients with wild-type ATTR cardiac amyloidosis, the
median survival time was demonstrated to be 3.6 years after
the diagnosis [54]. In a study among AA amyloidosis patients,
the estimated 5-year survival rate was 31.3% in patients with
cardiac involvement and 63.3% in patients without cardiac
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involvement [55]. In AL amyloidosis with hepatic involvement,
the median survival was 8.5 months [27], and in patients with
GI involvement 10 months [33]. In another study, the 3-year
survival rate of patients with gastric amyloidosis was reported
to be 60% independent of the type of amyloidosis [39].

Our study aims to evaluate the frequency of GI manifestation
in patients with amyloidosis. In addition, we investigate the
clinical, endoscopic, and histopathological characteristics and
outcomes of patients with amyloidosis and GI manifestations.

METHODS

Statement of Ethics

This study was reviewed and approved by the Ethics
Committee of the University of Regensburg, Regensburg,
Germany (22-3044-104). This is a retrospective study. All
patient-related data was acquired from our hospital databases
and was subsequently pseudonymized. Due to the retrospective
character of the study, written informed consent was not
required.

Clinical Data

Clinical data was retrieved from the medical records of the
hospital information system. This included age at diagnosis,
gender, type of amyloidosis, underlying predisposing disease,
affected organs, initial gastrointestinal symptoms, endoscopic
and histopathological findings as well as outcome parameters
such as the occurrence of GI bleeding and mortality.

Statistical Analysis
The data was analyzed using the descriptive statistics
techniques in IBM SPSS Statistics (version 28.0.1.1.).

Histopathological Analysis

Histopathological samples were fixed in formalin and
embedded in paraffin for vertical microcuts (4 um thickness).
The cuts were mounted on glass slides, deparaftined with xylene
and ethanol and stained with hematoxylin-eosin (HE) and
Congo Red according to standard protocols.

RESULTS

Study Design and Patient Characteristics

This is a retrospective, 20-year single-center study of
patients with GI amyloidosis. Patients with known GI
manifestation of amyloidosis or a typical finding of amyloid
deposition in the GI tract were included. All patients were
treated at the department of Internal Medicine I of the
University Hospital Regensburg, Regensburg, Germany
between July 2003 and June 2023. Overall, 63 patients with
diagnosed amyloidosis were identified. Most of the patients
had AL amyloidosis (20 patients, 31.7%), followed by ATTR
amyloidosis (19 patients, 30.1%), AA amyloidosis (12 patients,
19.0%) and wild-type TTR (1 patient, 1.5%). In 11 patients
the type of amyloidosis was not documented. Twenty-three
(36.5%) patients had proven GI depositions of amyloid. The
clinical characteristics, outcome, GI amyloid localization
and other organ manifestation in the patient cohort are
summarized in the Supplementary file (Table I).
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Table I. Clinical characteristics of study population (n=23)
N (%)
62 +18.28 (10-87)

Clinical characteristics

Age at diagnosis [years], median + SD (range)

Gender, n (%)

Female 9(39.1)
Male 14 (60.9)
Type of amyloidosis, n (%)
AL amyloidosis 12 (52.5)
TTR amyloidosis 5(21.5)
AA amyloidosis 3(13.0)
Unknown 3(13.0)
Underlying predisposing disease, n (%)
MGUS 8(34.8)
Plasmacytoma 4(17.3)
Multiple myeloma 1(4.3)
RA and B-cell NHL 1(4.3)
Vasculitis 1(4.3)
None 8 (34.7)
Results of initial endoscopy available, n (%) 20 (87.0)
Clinical outcomes, n (%)
GI bleeding 9(39.1)
Upper 5(21.7)
Lower 4(17.4)
Death during study period 16 (69.5)
Mortality 6 months after diagnosis 8 (34.7)
Mortality 5 years after diagnosis 11 (47.8)
Cause of death
Cardiovascular 3(18.7)
Multiple organ failure 3(18.7)
Pneumonia 1(6.2)
Liver failure 1(6.2)
SIRS 1(6.2)
Amyloidosis-associated 7 (43.7)

SD: standard deviation; AL: amyloid light chain; AA: serum-amyloid A;
TTR: transthyretin; MGUS: monoclonal gammopathy of undetermined
significance; RA: rheumatoid arthritis, NHL: non-Hodgkin’s lymphoma:
SIRS: systemic inflammatory response syndrome.

Patients with Gastrointestinal Amiloidosis

Twenty-three patients (36.5%) had a GI manifestation
of their amyloidosis and were further characterized (Table
I). The median age of the patients with amyloidosis and GI
manifestation at the time of diagnosis was 62+18.28 years.
Two-thirds of the study population were male (14 patients,
60.9%). Twelve patients (52.5%) had AL amyloidosis. Five
patients (21.5%) had ATTR amyloidosis, 3 patients (13%)
had AA amyloidosis, and in another 3 cases (13%) the type of
amyloidosis was unknown. 12 of 20 patients (60.0%) with AL
amyloidosis showed GI involvement, whereas in ATTR and
AA patients, only 5 of 19 patients (26.3%) and 3 of 12 patients
(25%), presented with GI involvement, respectively. Out of
the 23 patients with GI involvement, 15 patients (65.2%) had
an underlying predisposing disease, with MGUS being the
most common (8 patients, 34.8%), followed by plasmacytoma
(4 patients, 17.3%). One patient had rheumatoid arthritis,
and B-cell non-Hodgkins lymphoma, and one patient had
vasculitis. Another patient suffered from multiple myeloma.
During the study period, 16 patients (69.5%) died. The 5-year
mortality rate was 47.8%. The leading cause of death was
cardiovascular or multiple organ failure (3 patients, 18.7%
respectively). In 7 cases (43.7%) the cause of death was found
to be amyloidosis-associated. One patient died of septic
shock due to pneumonia, one due to liver failure, one due to

systemic inflammatory response syndrome and one due to
gastric ischemia.

Initial Clinical Presentation

The data regarding GI symptoms is summarized in Table
II. In 78.3% of the patients, GI symptoms at the time of first
presentation were documented. The symptoms included
diarrhea (34.8%), abdominal pain (30.4%), weight loss (26.1%),
nausea/vomiting (21.7%), loss of appetite (21.7%), abdominal
distension (8.7%) and GI bleeding (8.7%). In cases where no GI
symptoms were documented, we classified patients as having
“no initial GI symptoms”

Table II. Initial gastrointestinal symptoms (n=23)

N, %

Diarrhea 8 (34.8)
Abdominal pain 7 (30.4)
Weight loss 6(26.1)
Nausea/ vomiting 5(21.7)
Loss of appetite 5(21.7)
Abdominal distension 2(8.7)
Gastrointestinal bleedingNone 2(8.7)

5(21.7)

Organ System Involvement

Affected organs are listed in Table III. The main GI
localization in the study cohort was the colon with 60.8%,
followed by the stomach (39.1%), duodenum (21.7%),
jejunum and ileum (each 17.3%), and rectum (13%). In 19
of the 23 patients, multiple GI manifestations were present.
Other affected organs included primarily the heart and the
kidneys (60.8%, respectively 43.4%), followed by the liver
(17.4%), nervous system (17.4%), spleen (4.3%), skin (4.3%),
omentum (4.3), and gallbladder (4.3%). The defined category
“nervous system” included two patients with involvement of
the peripheral nervous system, one patient with the autonomic
nervous system involved and one patient with amyloid
depositions in the brain.

Table III. Organ system involvement (n=23)

Affected organs Total study population (n=23)
GI tract 23 (100)
Colon 14 (60.8)
Stomach 9(39.1)
Duodenum 5(21.7)
Tleum 4(17.3)
Jejunum 4(17.3)
Rectum 3(13.0)
Heart 14 (60.8)
Kidney 10 (43.4)
Liver 4(17.4)
Nervous system 4(17.4)
Spleen 1(4.3)
Omentum 1(4.3)
Gallbladder 1(4.3)
Skin 1(4.3)

Endoscopic Findings

Twenty-one (91,3%) of the 23 patients showed GI lesions
in the performed endoscopy. Detailed data is given in Table I'V.
The most common lesions were ulcerations with 47.8% (Fig. 1).
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Table I'V. Endoscopic and histopathological findings (n-23)

N, (%)
Gastrointestinal lesions, n (%)
Ulcerations 11 (47.8)
Mucosal inflammation 10 (43.5)
Polyp 6(26.1)
Erosions 3(13.0)
Vascular malformation 2(8.7)
Polypoid protrusion 2(8.7)
Submucosal hematoma 2(8.7)
Erythema 1(4.3)
Metaplasia 1(4.3)
Diverticulum 1(4.3)
Histopathological findings, n (%)
Vascular wall thickening 6(26.1)
(Peri-)Vascular amyloid deposition 18 (78.3)
Interstitial amyloid deposition 10 (43.5)
Polyp with amyloid deposition 1(4.3)
Congo red stain positive 22(95.7)
Green birefringence 16 (69.6)

Data of Congo red stain only available for 22 patients.

Fig. 1. Ulcer in the duodenal bulb in a patient with
AL amyloidosis.

Mucosal inflammation (43.5%), polyps (26.1%), and erosions
(13.0%) were also frequent. Less common were vascular
malformation (8.7%), polypoid protrusion (8.7%, Fig. 2), and
submucosal hematoma (8.7%, Fig. 3), as well as erythema

(4.3%), metaplasia (4.3%), diverticulum (4.3%), and ischemia
(4.3%, Fig. 4). Furthermore, and of clinical importance, GI
hemorrhage occurred in 39.1 % of the patients during the
course of the disease. Endoscopic investigations showed diffuse
bleeding due to mucosal friability, ulcerations, and submucosal
hematoma (Figs. 1, 3 and 5).

Fig. 3. Gastric submucosal hematoma in a patient
with AL amyloidosis and severe gastrointestinal
hemorrhage.

Gastrointestinal Bleeding

Gastrointestinal bleeding occurred in 9 patients (39.1%)
during the course of the disease, with upper GI bleeding being
slightly more frequent than bleeding in the lower GI tract (5
patients, 55.5%). In most of the patients (7 cases, 77.7%), the
GI bleeding was mild and did not necessitate admission to
the intensive care unit. However, 2 female patients (22.2%)
needed emergency admission to the intensive care unit due
to hematemesis, arterial hypotension, and low hemoglobin
value. For airway protection both patients were endotracheally
intubated. Also, both patients required vasopressor therapy
and red blood cells concentrates for achieving hemodynamic
stability. In one patient endoscopy revealed ulceration in the
duodenal bulb, gastric submucosal hematoma, and polypoid
structures with amyloid deposits (Figs. 1-3). The patient
could be safely extubated after biopsy was taken to diagnose
GI amyloidosis and discharged from the hospital one week

Fig. 2. Polypoid structures with amyloid deposits in the stomach.
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after the bleeding episode. The second case presenting with
hematemesis and arterial hypotension was a 66-year-old
female with previously unknown GI amyloidosis. The initial
gastroscopy showed diffuse gastric bleeding (Fig. 5). Upon
increasing lactate another gastroscopy was immediately
performed. This gastroscopy revealed an extensive gastric
ischemia (Fig. 4). The patient underwent gastrectomy, but
despite surgical and intensive care efforts the patient did not
survive. The histopathological report revealed a pronounced
gastric amyloidosis.

Histopathological Diagnosis

Histopathological findings of GI amyloidosis included
peri- or vascular amyloid deposition in 78.3% of the cases, with
vascular wall thickening in 26.1%, whereas interstitial amyloid
deposition was demonstrated in 43.5%. Positive Congo red
stain was found in 95.7% of the patients with typical apple-
green birefringence in polarized light in 69.6% (Figs. 6 and 7).

DISCUSSION

Amyloidosis of the GI tract is an orphan disease. During our
study period over 20 years, 23 patients out of 63, corresponding
to 36.5% of all amyloidosis patients treated at our institution
with a definite diagnosis of GI amyloidosis, were identified.
Furthermore, we performed a literature search in view of the
paucity of data on GI involvement of amyloidosis.

po » 0

Regarding the prevalence of a GI involvement in patients
with amyloidosis, a previous retrospective 13-year single-
center analysis found a smaller percentage of only 3.2% of their
amyloidosis patients to have biopsy-proven GI involvement
[56]. Another review reported a series of 445 patients with AL
amyloidosis, with 7% of the patients having GI involvement [1].

Amyloidosis can involve multiple organs, including the
kidney, heart, and nervous system [7, 8, 25-27], but rarely
presents with primarily GI symptoms [57]. In a study with 20
patients with AL amyloidosis and GI involvement, primarily
the heart, followed by the peripheral nervous system, kidney,
and autonomic nervous system were listed as involved organs
[58]. Similarly, our analysis revealed the heart, but also the
kidneys as additionally involved organs, followed by the liver,
nervous system, spleen, skin, omentum, and gallbladder.

Regarding the GI localization of amyloidosis, we identified
the colon as the major manifestation site in 60.8% of the
patients. The second most common localization site was the
stomach (39.1%), and the third most common being the
duodenum (21.7%). Less common were the ileum, the jejunum,
and the rectum. A prospective study with 37 patients suffering
from amyloidosis with systematically performed biopsies of
the esophagus, stomach, duodenum, and colorectum detected
amyloid deposition primarily in the duodenum within 100%
of the patients, whereas amyloid deposition in the colon and
rectum were found in 91% of the patients [59]. The frequency
of depositions in the stomach and esophagus was 95 and 72%,

Fig. 5. Endoscopic images of diffuse gastric bleeding in a patient with AL amyloidosis.
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Fig. 6. A) Gastric mucosa with extensive hyaline deposits in the interstitium (HE stain); B) Amyloid deposits showing
Congo red staining; C) Apple green birefringence in polarised light (magnification: 100x).

respectively. In this context, the duodenum was the main site
of GI involvement. Several other studies also assessed the
distribution of amyloid deposition in the GI tract, but the
results differed significantly from each other. For patients
with systemic AL amyloidosis, the frequency of amyloid
deposition in the biopsy specimens was reported at 50% in
the small intestine, 44% in the stomach, and 32% in the colon
in one study [56]. Other authors detected amyloid deposition
in only 5% in the small intestine, 55% in the stomach, and
45% in the colon and 35% in the rectum [58]. Freudenthaler
et al. [60] found a distribution of 38% in the colon, followed
by the stomach (23%), rectum (17%), duodenum (16%), and

jejunum/ileum (6%). But comparable to our study, due to
the retrospective design of these three studies, no systematic
biopsy regimen was conducted. Yilmaz et al. [61] investigated
36 patients with AA amyloidosis confirmed by renal biopsy and
performed upper and lower GI endoscopies to obtain biopsies
from the gingiva, esophagus, antrum, duodenum, and rectum.
Duodenal, antral, rectal, esophageal, and gingival amyloidosis
was present in 97%, 76%, 76%, 59%, and 32%, respectively.
An early autopsy study by Briggs [62] reviewed cases
of 53 patients with secondary amyloidosis, and 20 patients
with primary amyloidosis. His findings indicate a frequency
distribution of 57% in the tongue, 43% in the small bowel,

Fig. 7. A) Congo red staining of a gallbladder wall with hyaline deposits in the interstitium and vascular walls. B)
Apple green birefringence in polarised light (magnification: 40x).
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Table V. Existing studies regarding gastrointestinal amyloidosis

Study name Authors, Year, reference Study period/ patient Described features
cohort
Clinical features and outcomes of systemic Young Lim et al., 2015 [58] 18 years / 24 patients Clinical findings and outcomes

amyloidosis with gastrointestinal involvement: a
single-center experience

Clinical and endoscopic findings in gastrointestinal
amyloidosis: a single-center experience

Gastrointestinal amyloidosis in Australian
indigenous patients

Amyloidosis of the gastrointestinal tract: a 13-year,
single-center, referral experience

Clinical implications of gastrointestinal symptoms in
systemic amyloidosis

Gastrointestinal amyloidosis: radiologic features by
chemical types

Clinical recognition of Al type amyloidosis of the
luminal gastrointestinal tract

Intestinal involvement in amyloidosis is a sequential
process [71]

Endoscopic and biopsy findings of the upper
digestive tract in patients with amyloidosis

Amyloid in biopsies of the gastrointestinal tract - a
retrospective observational study on 542 patients

Primary systemic amyloidosis: a cause of
malabsorption syndrome

Gastric amyloidosis: clinicopathological

correlations in 79 cases from a single institution

Clinical outcome and survival of secondary (AA)
amyloidosis
Primary (AL) amyloidosis with gastrointestinal

involvement

Gastrointestinal manifestations in hereditary
transthyretin amyloidosis associated with Glu89GIn
Mutation

Gastrointestinal manifestations in hereditary
transthyretin amyloidosis: a single-centre experience

Dias et al., 2022, [67]
Frommer et al., 2014, [68]
Cowan et al., 2013, [56]
Yen et al., 2017, [57]
Tada et al., 1994, [69]

James et al., 2007, [70]

den Braber-Ymker et al., 2018
Tada et al., 1990, [59]
Freudenthaler et al., 2016, [60]

Hayman et al., 2001, [35]

Said et al., 2015, [39]
Tanaka et al., 2003, 55]
Madsen et al., 2009 [33]

Nakov et al., 2019, [63]

Luigetti et al., 2020 [64]

10 years / 11 patients Clinical, and endoscopic findings

4 years / 9 patients Clinical findings, outcomes, and

histopathological findings

Clinical, endoscopic, and
histopathological findings

13 years / 76 patients
9 years / 37 patients Clinical findings

Radiologic and histopathological
findings

14 years / 49 patients

14 years / 19 patients Clinical, endoscopic, and
histopathological findings (only AL

amyloidosis)

Autopsy study / 14
patients

Histopathological findings

10 years / 37 patients Endoscopic and histopathological

findings

10 years / 542 patients ~ Demographical and histopathological
findings

38 years / 19 patients Clinical findings

6 years / 79 patients Clinical and histopathological

findings
18 years / 42 patients Clinical findings and outcomes
6 years / 11 patients Clinical findings
6.5 years/ 78 patients Clinical findings
39 patients Clinical findings

41% in the esophagus, 30% in the large bowel and 23% in the
stomach. But the author emphasized that the actual frequency
distribution among the organs might have been different in
reality because of the insufficient number of organs examined
in many cases. The tongue, for instance, was only examined
in 7 of the 73 patients. A more recent study by Iida et al. [40]
described the frequency of amyloid deposition in different
parts of the GI tract for 36 of their patients. They further
evaluated the differences in the biopsy results in the presence or
absence of endoscopic findings. They found that the percentage
of positive biopsy results in the stomach and colon were
significantly higher than in those without endoscopic findings,
with 80% versus 44%, and 88% versus 42%, respectively. On the
contrary, the yield of positive biopsy results in the duodenum
and rectum was high regardless of endoscopic findings, with
89% versus 90%, and 88% versus 78%, respectively.

In our study cohort, the majority of patients with GI
involvement had AL amyloidosis. Even though the percentage
of AL patients was also the highest among all treated 63 patients,

the proportion of Gl involvement was also considerably higher
within the AL patients compared to the ATTR and AA patients.
In line with our findings, Cowan et al. [56] reported AL to
be the most frequent type of amyloidosis in patients with GI
involvement.

Diarrhea and weight loss were two of the most frequent
GI symptoms in our study population. This observation is
in accordance with prior reports [33, 35, 56, 58, 63, 64]. In
addition, our patients presented with abdominal pain as the
second most frequent symptom. GI bleeding as an initial
symptom was only present in two patients but occurred
in 9 cases (39.1%) of the patients with GI manifestation of
amyloidosis in the further course of the disease.

Our endoscopic findings were comparable to previous
studies [40, 48] and included mostly ulcers, mucosal
inflammation, polyps, and erosions. Tada et al. [59] suggested
that the most characteristic endoscopic features of GI
amyloidosis might be a fine granular appearance and polypoid
protrusions since those two findings remained unchanged
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during the follow-up period of their patients, and biopsy
specimens revealed marked deposits of amyloid in the mucosa
and submucosa of the duodenum. However, in our patients,
fine granular appearances were not described, and polypoid
protrusions were only found in two patients.

Histopathologic findings showed vascular amyloid
deposition in the majority of our patients, with vascular
wall thickening in about a quarter of the study population.
Interstitial amyloid deposition was observed in about two-fifths
of the patients. The Congo red stain was positive in all patients
except one. In this patient, there was no data available regarding
Congo red staining, but amyloid deposition was described in
the histopathological report. Moreover, in approximately 70%
of the patients, typical apple-green birefringence was described.
Characteristic green birefringence under cross-polarized
light following Congo red staining is the gold standard for
confirming the diagnosis of amyloidosis [7, 65, 66].

Among our patients, the overall 5-year survival rate was
38.1% irrespectively of the type of amyloidosis. Here is to
mention that two patients were diagnosed with GI amyloidosis
13 and 36 months before the end of the follow-up period and
are still alive. These two patients were excluded from this
analysis. Previous studies showed 3 years survival rates for
patients with gastric amyloidosis up to 60% [39]. Another study
showed a 5-year survival among patients with AA amyloidosis
and without cardiac involvement of 60% [55]. In AL patients
with GI involvement, however, others found that 50 % of the
patients only lived 10 months on average after the diagnosis
was established [33]. In accordance with that, another study
with primarily AL patients with GI amyloidosis reported a
median survival of approximately 8 months [58]. As common
causes of death, we observed mostly cardiovascular events or
multiple organ failure, whereas GI complications seem to be
rarely the cause of death in these patients. In our study, none
of the patients died due to GI bleeding. This is consistent with
previous clinical data [23].

Compared to the existing literature, our study is one
of the longest studies on GI amyloidosis with 20 years of
observation. There is only one study by Hayman et al. [35]
with 38 years of observation. However, only clinical findings
were described in this study. Our study is one of the few to
have investigated all three aspects namely clinical, endoscopic,
and histological findings in the same cohort of patients.
Furthermore, our study includes critically ill patients, who
suffered from direct complications of GI amyloidosis like
severe GI bleeding or gastric ischemia requiring intensive care
treatment. Not only that we report the clinical, endoscopic,
and histopathologic findings in these critically ill patients but
also, we describe the intensive care treatment steps as well as
the outcomes.

An overview of existing literature on GI amyloidosis is
given by Table V.

The retrospective character may have limited our study.
Due to the retrospective character, the sites of performed
biopsies to establish the diagnosis of amyloidosis were not
standardized. Therefore, the frequency distribution of GI
localizations might be biased by preferred sampling sites and
Gl involvement might be underdiagnosed. Furthermore, there
was no standardized questionnaire that explicitly asked for GI
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symptoms on admission like it could have been provided in
a prospective study. Consequently, documented data on GI
symptoms was limited to medical history.

CONCLUSIONS

We report the clinical, endoscopic, and histopathological
characteristics of 23 patients with amyloidosis and GI
involvement within a time span of 20 years. To our knowledge,
this is the longest study analyzing clinical, endoscopic, and
histopathological aspects as well as patient outcome of GI
amyloidosis. Furthermore, based on our information, this is
the first study characterizing also critically ill patients with
complications of GI amyloidosis. The gold standard to diagnose
GI amyloidosis is endoscopic biopsy and histopathological
examination.
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