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The impact of the intestinal microbiome on bone health
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Summary

Intestinal microbial flora, known as the second gene pool of the human body, play an
important role in immune function, nutrient uptake, and various activities of host cells, as
well as in human disease. Intestinal microorganisms are involved in a variety of mechanisms
that affect bone health. Gut microbes are closely related to genetic variation, and gene
regulation plays an important part in the development of bone-related diseases such as
osteoporosis. Intestinal microorganisms can disrupt the balance between bone formation
and resorption by indirectly stimulating or inhibiting osteoblasts and osteoclasts. In addition,
intestinal microorganisms affect bone metabolism by regulating growth factors or altering
bone immune status and can also alter the metabolism of serotonin, cortisol, and sex
hormones, thereby affecting bone mass in mice. Moreover, probiotics, antibiotics, and diet can
change the composition of the intestinal microbial flora, thus affecting bone health and also
potentially helping to treat bone disease. Studying the relationship between intestinal flora
and osteoblasts, osteoclasts, and bone marrow mesenchymal stem cells may provide a basis
for preventing and treating bone diseases. This paper reviews recent advances in the study of

the relationship between intestinal microflora and bone disease.

Keywords: Intestinal microbial flora, hereditary bone disease, bone health, bone-related cells

1. Introduction

Microbial groups, which are symbiotic in the human
body or on the surface of the human body and cause
various diseases under certain conditions, are collectively
known as the human microbiome. This concept was first
proposed by Lederberg et al. (1). There are many types
of bacteria that populate the intestines of humans and
animals. For example, the number of microorganisms in
the body and the proportion of cells can reach a ratio of
10:1, and there are more than 10 trillion bacteria (2) that
encode 100-fold more genes than those in the human
genome (2). Thus, the intestinal microbial flora are
known as the "second gene pool" of the human body (2).
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Like human organs, human intestinal microflora
have significant effects on immune function, nutrient
uptake, and various life activities of host cells (3) as
well as on various diseases and conditions in the human
body. The microbial flora of the gut affect an organism
by changing the balance of bacteria and metabolites
(4), which can lead to changes in metabolic processes
and induce the development of various diseases such
as ulcerative colitis in inflammatory bowel disease
(5) and Crohn's disease (6). Microbial flora can also
cause many other common diseases including obesity
(7), diabetes (8), and other endocrine system diseases,
as well as cardiovascular diseases (9). Intestinal
flora also affect diseases such as immune system-
induced rheumatoid arthritis (/0) and systemic lupus
erythematosus (/0). A study on cancer found that
Bifidobacterium can improve anti-tumor immunity in
mice (/7). Conversely, Fusobacterium nucleatum can
promote colorectal cancer resistance chemotherapy in
cancer treatment (/2). In addition, changes in intestinal
microbial flora can induce inflammatory reactions in the
host and change neurotransmitter metabolism, resulting
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in neurological dysfunction (/3), depression, mental
decline, and other problems (/4,/5). An imbalance in
intestinal flora affects many diseases, whereas intestinal
flora in homeostasis can prevent diseases. For example,
intestinal microbial flora attach to the intestinal mucosa
to form a protective barrier to defend against invasion
by exotic pathogenic microorganisms (/0). Intestinal
flora can also stimulate an organism to produce an
immune response to microbial antigens and to produce
more lymphocytes (/6). The resulting immunoglobulin
G (IgG) antibodies can induce the organism to
eliminate pathogenic microorganisms by identifying
Gram-negative bacteria and neutralizing toxins and
viruses (/7), thereby promoting maturation of the
immune system. This protects against inflammation
and infection and improves immune function in the
host (6,17). The current review provides updated
information on the intestinal microbial flora and their
affect on bone health.

2. Intestinal microbial flora and bone disease
2.1. Intestinal microbial flora and genetic factors

The relationship between human intestinal microbes
and host genetic variation (/8-22) is one in which
the latter affects the composition of human intestinal
microbes (/9,20). A single-nucleotide polymorphism
(SNP) (C/T-13910) of the European lactase (LCT) gene
and SNPs (G/C-14010, T/G-13915, and C/G-13907)
in the African LCT gene are associated with the
abundance of Bifidobacterium in the gastrointestinal
tract. These SNPs were found to significantly enhance
transcription of the LCT gene promoter in vitro and to
facilitate the hydrolysis of lactose in the gastrointestinal
tract by lactase, thus directly affecting the persistence
of LCT (23). Bifidobacterium in the gastrointestinal
tract can also metabolize host lactose (24). LCT gene
mutations may indirectly regulate the abundance
of Bifidobacterium in the gastrointestinal tract by
altering its lactose levels. Ruminococcaceae and
Lachnospiraceae are the two main families of human
intestinal microorganisms and are more similar in
identical twins than in fraternal twins (25). The host
genotype can regulate the abundance of many microbial
flora.

Microbial diversity is controlled by both
environmental and host genetic factors and is related
to multiple diseases. Toll-like receptor (TLR) 5 gene-
deficient mice have signs of metabolic syndrome
including hyperlipidemia, hypertension, and obesity.
After intestinal microflora were transferred from
TLRS gene-deficient mice to wild-type aseptic mice,
the aseptic mice also exhibited the characteristics of
metabolic syndrome, which were related to changes
in microbial flora in the gut (26). Next-generation
sequencing of genes in the gastrointestinal tract and

quantitative trait loci (QTL) mapping have revealed that
some host genes can change gut immunological profiles
and modulate the balance between gut microbial
communities. For example, the interferon gene-
rich QTL region located on chromatin 4 modulates
Firmicutes and Bacteroidetes, which are dominant BXD
strains among gut microbes. Interleukin-1 receptor-
associated kinase (IRAK) 4 modulates Rikenellaceae
while TGF-B3 modulates Prevotellaceae (27).

Genetic variations in the genome may occur during
the process of adapting to the environment, causes
specific changes in microbial groups. Some loci can
control a single microbial species, the associated taxa
of certain microorganisms, and some of the associated
microbial populations that are presumed to be more
efficient and widely distributed (27). In addition, the
gut flora have certain effects on host gene mutations.
Some strains of Escherichia coli have a polyketide
synthase (PKS) gene island that induces DNA
mismatch repair in host intestinal epithelial cells by
encoding gene toxins that cause tumors (28). Moreover,
the superoxide anion produced by Enterococcus also
causes host DNA damage and genomic instability,
resulting in intestinal epithelial cell mutations that
trigger colorectal cancer (29).

2.2. Intestinal microbial flora and osteoporosis

Osteoporosis is a metabolic bone disease that results
in decreased bone mass and bone mineral density
and that induces changes in bone microstructure
(30). This disease is mainly influenced by heredity
and environmental factors, and many studies have
confirmed that there is a certain relationship between
intestinal microbial flora and osteoporosis (30).
An estrogen deficiency leads to bone loss-induced
osteoporosis, and the use of surgical ovarian resection
(OVX) or sexual hormone inhibition causes a lack of
estrogen in mice (3/). When OVX mice were treated
with Lactobacillus acidophilus, the level of bone
resorption markers decreased and osteoclast formation
was inhibited (37). In addition, the number of T
lymphocytes in OVX mice decreased and osteoclast
formation was inhibited by Lactobacillus reuteri (32).
Type I diabetes can also induce osteoporosis. A study
reported that L. reuteri can inhibit the expression of
tumor necrosis factor (TNF) and Wnt10b, preventing
bone loss and bone marrow adiposity in a mouse model
of type I diabetes (33).

Recent studies have found that intestinal microflora
can regulate growth factor insulin-like growth factor
(IGF)-1 levels, and thus regulate bone formation
and absorption in young and middle-aged mice. The
levels of IGF-1 decreased when antibiotics were used
to destroy intestinal microflora in young mice (34).
In addition, intestinal microbes were able to mediate
the regulation of bone metabolism by altering bone
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Figure 1. Mechanisms by which intestinal microbes affect bone health.

immune status (35). Sterile mice had a significant
increase in bone mass and a significant decrease in the
number of osteoclasts, the number of CD4+ T cells
derived from the bone marrow, and the number of
osteoclast precursor cells compared to normal mice.
While the number of osteoclasts, CD4+ T cells, and
osteoclast precursor cells returned to normal in 3-week-
old sterile mice treated with intestinal microbial flora
and the quality of bone trabecular and cortical bone
decreased, the expression of inflammatory cytokines in
bone decreased significantly (35).

Intestinal disorders can cause inflammatory bowel
disease (36), which can increase the risk of osteoporosis
and related brittle fractures (37). The reduction in bone
associated with inflammatory bowel disease is mainly
due to insufficient calcium absorption and a decrease in
the cycling levels of vitamins D and K (38). In addition,
the inflammatory reaction caused by the lack of sex
steroids can promote bone resorption, resulting in the
loss of trabecular bone. The probiotic Lactobacillus
rhamnosus GG (LGG) can reduce inflammation in the
intestine and bone, improve intestinal permeability, and
prevent bone loss (39,40).

When an imbalance of intestinal flora homeostasis
occurs during intestinal inflammation, the intestinal
absorption of vitamin D can help to treat enteritis,
thereby reducing intestinal permeability and avoiding
the impact of that imbalance on bone health (47).
Vitamin D has beneficial effects in bones (42). When
calcium supply is sufficient, the absorption of vitamin
D and its metabolites in the gut can maintain the
homeostasis of intestinal flora, thus improving the
calcium balance and promoting mineral deposition in
the bone matrix. In the absence of calcium, vitamin
D can enhance bone resorption while inhibiting
bone mineralization, thus maintaining blood calcium
homeostasis at the expense of bone mass. Therefore,

adding a proper amount of calcium to the diet can help
treat inflammation and maintain the homeostasis of
intestinal microbes to prevent osteoporosis mediated by
vitamin D (42,43).

3. The mechanism(s) by which intestinal microbes
affect bone health

3.1. Immune-mediated mechanisms

Intestinal microflora affect bone remodeling, bone mass
accumulation (44), and bone health in a variety of ways
(Figure 1). They can impact bone health via the immune
system (35), which regulates the development of bone
marrow cells and inflammatory cytokines. In germ-
free (GF) mice, the number of myeloid cell progenitors
decreased and the response to Listeria monocytogenes
was impaired. These defects were remedied by
transplantation of complex microbiota. Therefore, gut
bacteria mediate innate immune cell development by
increasing hematopoiesis (45). GF mice have fewer
granulocyte-monocyte progenitors (GMPs). GF mice
also have fewer CD11b" Ly6C" mononuclear cells and
CD11b"Ly6G" granulocytes in the bone marrow than
do specific pathogen-free (SPF) mice, but the formation
of bone marrow was improved by the administration of
serum isolated from SPF mice (46).

In addition, many studies have recently revealed
the close relationship between intestinal microflora and
regulatory T cells (Tregs) and helper T cells (Th cells)
(31,47-49). Clostridium colonization in gnotobiotic
mice resulted in preferential accumulation of Tregs in
colonic lamina propria (50). The presence of intestinal
bacteria might affect both the number and function of
Tregs. Transforming growth factor beta (TGF-f3), a key
regulator of Treg development, is abundant in the colon
in its active form. Similar findings were obtained with
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regard to other Treg-inducing molecules within the colon
(50). Moreover, the induction of interleukin (IL)10-
expressing Foxp3+ Tregs was specifically restricted in
Clostridium but not in other bacteria. In addition, CD4+,
CD25+, and Foxp3+Treg cells suppress macrophage
colony-stimulating factor and osteoclast formation.
This action is mainly through cytotoxic T-lymphocyte
associated protein 4, an anti-osteoclastogenic molecule
that binds osteoclast precursor cells and that inhibits its
differentiation (57-53).

The bacterial segment in the gut is the driving force
for Th17-assisted cell differentiation, which plays an
important role in bone loss induced by rheumatoid
arthritis (54,55). Intestinal flora disorders disrupt
the balance of the pro-osteoclastogenic pathway and
induce osteoclast-mediated bone loss in multiple
ways, including the differentiation and inhibition of
anti-osteoclastogenic Th1l, Th2, and Treg subsets.
This induces the differentiation of Th17 cells, which
produce and increase RANKL expression on stromal
cells, much like inflammatory cytokines (52,56-58). In
addition, the number of osteoclast precursor cells also
increases, thus promoting osteoclast differentiation (47).
Microbial populations affect B cell development as well
as bone resorption by osteoprotegerin, an inhibitor of
osteoclasts produced by B cells (59).

3.2. Endocrine-mediated mechanisms

Intestinal microflora as a virtual "endocrine organ" (60)
have certain effects on bone health. Sex hormones are
vital in maintaining bone homeostasis, and a lack of
these hormones can result in a decrease of microbial
flora in the gut, thus increasing bone loss and affecting
bone formation (40). In addition, a lack of sexual
hormones increases the activity of osteoclasts and
osteoblasts, although osteoclasts are more affected and
bone loss is significant (67).

Sex steroid deficiency increases intestinal
permeability and levels of the osteoclastogenic
cytokines TNF, RANKL, and IL-17 in a murine model
while GF mice were protected from bone loss (39).
Supplementing the indigenous microbiota with the
probiotic LGG prevents sex steroid-induced bone loss by
inhibiting intestinal permeability. However, ingestion of
nonprobiotic or mutant LGG eliminates this protective
action. These findings indicate that gut microbiota serve
as a dual role in sex steroid deficiency-induced bone
loss (39). Moreover, excess glucocorticoid reduces the
number of both osteoblasts and osteoclasts, it prolongs
the lifespan of osteoclasts, and promotes apoptosis of
osteoblasts and osteocytes (62,63).

3.3. Changes in intestinal flora affect bone health

Changes in intestinal microbial flora and their
metabolites affect bone health directly or indirectly

(47). The effects of microbial flora (64), probiotics (65),
antibiotics (66), and dietary nutrition (67) also affect
bone health. Probiotic dietary supplements containing
Bacillus licheniformis and B. subtilis increased the
diversity of intestinal flora, causing the tibial density in
chickens to significantly increase compared to chickens
fed a normal diet (68). Antibiotics can affect intestinal
flora, and these effects are related to age, sex, and
duration of treatment. The bone density of 3-week-old
weaning mice dramatically increased when they were
exposed to low doses of penicillin, chlortetracycline,
or vancomycin compared to 7-week-old weaning mice
(69). As a result of continuous treatment with low-dose
penicillin (LDP), bone mass decreased in all male mice,
regardless of whether or not they were exposed to LDP
post-weaning or if the pregnant mother was exposed.
These controversial results were replicated in several
types of female mice administered LDP. LDP treatment
in early life transiently disturbed the microbiota and
altered the composition of the microbial community
(66,69).

In addition, intestinal flora and different levels of
nutrition affect bone health. Several studies transplanted
the intestinal microflora of healthy and malnourished
infants into sterile mice and found that malnourished
infants with transplanted intestinal microorganisms had
delayed development and abnormal skeletal muscle
development (70). The effect of intestinal flora on bone
health can by mediated by metabolites. The intestinal
flora can digest soluble grain fiber in the diet into
short-chain fatty acids (SCFAs), which lower the pH
of the gut, contribute to calcium uptake, and inhibit the
formation of osteoclasts (7/). The G-protein-coupled
receptors GPR40 and GPR120 superficially bind
medium- and long-chain fatty acids, and a GPR40/120
agonist inhibits fatty acids in osteoclastogenesis.
GPR120 acts as a mediator of the anti-osteoclastogenic
action of C16 and C18 fatty acids (72).

4. Intestinal microbial groups and osteogenic/
osteoclasts and bone marrow mesenchymal cells

Bone marrow mesenchymal stem cells are pluripotent
stem cells that can differentiate into various mesodermal
lineages (73). Osteoblasts are the main cells that
promote bone development and bone remodeling
(74). Osteoblasts directly interact with bone cells,
osteoclasts, and hematopoietic stem cells (74), thereby
maintaining homeostasis between bone formation and
bone resorption (74,75).

Studies have described the interaction between
intestinal microflora and bone-related cells. Intestinal
microflora influence the expression of peripheral and
central serotonin (76). Peripheral serotonin is primarily
produced in the gut, and intestinal flora such as
indigenous spore-forming bacteria may play a catalytic
role in the production of serotonin (77). Peripheral
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serotonin functions as a hormone to inhibit osteoblast
proliferation through 5-hydroxytryptamine receptor 1B
(5-HT1BR) and cAMP response element binding protein
(CREB) (78), thereby reducing bone density and bone
formation. The level of serotonin expression is lower in
the intestinal tract of sterile mice and can be increased
by transplanting E. coli Nissle 1917 into ileal tissue ex
vivo, where it interacts with compounds secreted by host
tissues (79). The use of probiotics can improve intestinal
flora, reduce serotonin content, and alleviate bone disease
(65,80). Central serotonin acts as a neurotransmitter
to increase bone mass by calmodulin kinase (CaMK)-
dependent signaling involving CaMKKp and CaMKYV,
which are mediated by CREB (76).

Osteoclasts are functionally related to osteoblasts
and are involved in bone resorption (35). Intestinal
bone signaling pathways and microbial populations
play an important role in regulating bone health (64).
Decreases in estrogen in postmenopausal women result
in an increase in inflammatory factors and osteoclast
formation (87). In a model of osteoporosis in OVZ
rats, expression of the inflammatory cytokines TNFa
and IL-1 decreased, osteoprotegerin levels increased,
and osteoclast formation was inhibited (35) when
Lactobacillus strains and other probiotics were given to
OVZ rats (35).

A reduction in the diversity of the intestinal microbiota
has been noted and specific taxonomic preferences have
been identified in Crohn's disease and ulcerative colitis
(6). In a mouse model of ulcerative colitis induced with 2,
4, 6-trinitrobenzene sulfonic acid, bone marrow stromal
cells (BMSCs) were implanted in intestinal mucosa,
where they repaired damaged intestinal tissue. This may
be because BMSCs differentiate into colonic stromal
cells and express vascular endothelial growth factor
and TGF-B1 in the injured region (82,83). BMSCs also
have immune-regulatory effects on antigen-specific T
cells in Crohn's disease through direct cell-cell contact
(84), inhibiting allogeneic antigen-specific responses
and mitogen-induced proliferation (85), preventing
the production of cytotoxic T lymphocytes. In general,
there is growing evidence that BMSCs could be used to
treat inflammatory bowel disease caused by a disorder
in intestinal flora, but the precise molecules and
mechanisms responsible for immune regulation need to
be ascertained (86).

5. Conclusion

Understanding the correlation between intestinal
microbial flora and bone health paves the way for further
studies on the treatment of bone diseases by intestinal
microbes. Intestinal microbial flora influence bone
health through the immune system, endocrine system,
and various bone-related cells. An increasing number
of studies on osteoporosis have suggested the beneficial
effects of probiotics in terms of increasing bone mass.

This provides a basis for treating hereditary bone
diseases, which involve abnormal bone, cartilage, joint,
and other related tissues due to pathogenic mutations in
genes. The relationship between pathogenic mutations
that cause genetic bone diseases and intestinal microbial
flora remains unclear and needs to be studied further.
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Summary

The study aims to systematically review literature on the rare diseases information system
to identify architecture of this system from a data perspective. The search for relevant
English language articles, based on keywords in title, abstract, Mesh and Emtree terms,
was done in Pubmed and Embase (from 1980 to June 2017), Scopus, Science Direct and
Cochran (from 1980 to July 2017). Articles were selected if they addressed data architecture
of information systems with a focus on rare disease, and if at least one of their objectives
dealt with design, implementation, and development of rare diseases information systems.
Thirty-five studies met the inclusion criteria. The findings were categorized into six groups.
This first group addressed organizations acting as data generators, data users, and data
governors. The second group was related to data sources and databases. Datasets and
data elements formed the third group of findings, including common datasets, specific
datasets, and complementary datasets. The fourth group of findings was in relation to data
standards. Data sharing and interactions among relevant bodies included the fifth group
of the findings. The last group of findings was pertinent to procedures and criteria used for
checking the quality of data, as cross review checking was a main procedure assessing the
accuracy, consistency, and completeness of data. Design and development of an integrated
information system for rare diseases considering data architecture principles in practice
could help eliminating issues with management of rare diseases through facilitating sharing
information and experiences.

Keywords: Rare disease, information system, data architecture, registry, data set

1. Introduction

A rare disease is a health condition that affects a small
number of people in comparison with other common
diseases (/,2). In most definitions of rare diseases
suggested in various countries, a specific prevalence
threshold is assigned for these diseases considering
the population of countries and their requirements and
policies (2,3). The World Health Organization (WHO)
has suggested a frequency of less than 6.5 to 10 per
10,000 people to define rare diseases. In the European
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Union (EU), this definition is for less than 5 in 10,000
people (or 1 in 2,000). In the United States of America
(USA), a number fewer than 200,000 people has been
defined for rare diseases, but less than 50,000 in Japan
and less than 2,000 people in Australia (2,3). The
majority of countries have referred to the EU definition
as their national strategy for rare diseases (2).

In addition to disease prevalence, other criteria
common in rare diseases are considered in identifying
these diseases (2). For example, these diseases are
chronic, progressive, life threatening, body tissues
degenerative and causing disability, and there is no
curative and effective treatment for the majority of
them (2,4). These diseases have genetic origins in 80%
of the cases, 50-70% of the patients are children, 30%
of patients die before they reach the age of five (4,5).
So far, about 5,000 to 7,000 rare diseases have been
identified and new rare diseases are regularly reported
(2,4). Most of the known diseases are categorized

www.irdrjournal.com
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into several main groups including: metabolic
disorders, neuromuscular disorders, blood disorders,
cardiovascular and respiratory disorders, autoimmune
diseases, skin diseases and rare neoplasms (4).

There are challenges with the management of rare
diseases. These challenges include the geographical
dispersion of patients and rare diseases specialists,
limited number of specialists, the lack of consistency
and integrity of studies, limited access to credible
sources, and limited information and knowledge (4,6).
Development of an integrated information system for
rare diseases, for example, at a national level could
help to eliminate part of the challenges experienced
due to information restrictions (7,8).This issue was
emphasized in the main recommendations of the
European Union Council on rare diseases in 2013 (9,10).
A well-developed information system for rare diseases
requires addressing the principles of information systems
architecture in practice (7). A key aspect of information
systems architecture is data architecture (/1,12),
consisted of models, standards and methods that depict
various data types and the methods for data collection,
storage, processing, retrieval, and sharing (/2,13). In
relation to information system for rare diseases, the data
architecture provides an overview of the data that should
be available in the information system and provides a
concrete infrastructure for data flow and sharing (/4).

The main objective of this review is to identify the
data architecture of rare diseases information system in
the published studies addressing this system in terms
of data content and data interactions. By presenting the
current literature in rare diseases information systems,
it is hoped that this review could contribute to a better
understanding of the system data architecture.

2. Data Collection
The search for relevant English language articles, based

on keywords in title, abstract, Mesh and Emtree terms,
was done in Pubmed and Embase (from 1980 to June

A

2017), Scopus, Science Direct and Cochran (from 1980
to July 2017). Figure 1 shows the search strategy for
identifying the relevant articles. The first part (Part A)
included terms used for rare diseases. In the second part
(Part B), the keywords related to the data management
tools were used. The third part (Part C) contained
terms in relation to studies on information system
data architecture. The results of these three parts were
combined using the Boolean operator "and". Searching
was supplemented with checking the bibliographies of
identified articles.

Three reviewers examined independently the title
and abstracts of the identified articles. Articles were
selected if they address data architecture of information
systems with a focus on rare diseases, and if at least one
of their objectives dealt with design, implementation,
and development of rare diseases information systems,
and if they studied the network, databases, and registries
of these diseases at the regional, national or international
level. All studies that merely focused on the design and
evaluation of specific software, or data architecture with
no focus on rare diseases were excluded. The process
and the results of the literature search are illustrated in
Figure 2.

3. Data Analysis

Searching the online databases resulted in 3520 articles
from Pubmed, Embase, Scopus, Science Direct, and
Cochrane after removing duplicates. Initial screening
of titles and abstracts resulted in 145 articles, of which
113 articles were excluded because they did not address
data architecture in relation to rare diseases. Three
further articles were identified through checking the
bibliographies, leading to a total of 35 articles for full
text review (Figure 2).

Considering the geographical origins of the reviewed
studies, 20 studies conducted in Europe (8-10,12,15-30),
7 studies in USA (31-37), 4 studies in Australia (38-417)
and 4 studies were performed in Asia (42-45).

C

1. Rare diseases

5. Unknown diseases
6.1or2or~or5

OO WOWN -

. Information system

2. Orphan diseases . Registry
3. Neglected diseases . Data system
4. Complex diseases . Database

. Data management
.1or2or~orb

1. Architecture

2.Dataset

3. Common Data Elements
4. Data source

5.Data flow

6. Design

7. Model

8.1or2or~or7

Search query:A.6and B.6 andC. 8

Figure 1. Keywords, Emtree and MeSH terms (bold terms) used in the search strategy.
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Added by reviewing
bibliographies
(n=3)

Total studies for
analysis (n= 35)

Figure 2. Search flow diagram.

The main findings from the analysis of the studies
are categorized in the following six groups, including
organization in charge of rare diseases data generation,
adoption and governance (/0,15,17,18,20-24,27-41,43-
45); data sources (8-10,15-18,20-24,26-36,39,40,43,45),
datasets, (8-10,15-17,19,21-24,26,28-32,34,37-41) data
standards (8,9,16,19-22,24,27,29,32,36,37,43,45), data
sharing (15-18,20-22,27-29,31,33-35,38,40,43-45) and
data quality (/0,15-18,21-25,27,28,30-32,43,45).

3.1. Organizations involved in data generation,
adoption, and governance

Identifying the organizations that generate, adopt, and
govern data could help to lay the foundation for concrete
data architecture of information system for rare diseases.
According to the studies, organizations dealing with
rare disease information systems could be categorized
into three main groups: (i) data-producers (/0,17,18,20-
23,28,29,31-33,35,36,38-40,44,45), (ii) data users
(15,17,18,21-23,27-29,31-35,37-39,41,43-45), and (iii)
data coordinators and governors (10,15,17,18,20-24,27-
31,33,35-37,45).

Some of these organizations may belong to more than
one group. The most important organizations producing
rare disease data are clinics, reference centers for rare
diseases, hospitals, research consortia, universities and
academic centers (27,31,35).

Organizations considered as data-user included
research centers, specialized scientific associations,
physicians, universities, health managers and policy
makers, insurance companies, pharmaceutical companies
and medical equipment providers (/8,21,27,31,35,38).
The third group, i.e., coordinating and governing bodies,
are in charge of implementing laws and standards
and overseeing activities related to data generation,
processing, storage and use to ensure that data are
handled in safe and secure manner (/8). The Office
of Rare Diseases Research (ORDR) at the National
Institutes of Health (NIH) in USA (3/,35), and the NHS
National Institute of Health Research (NIHR) in England
(18) are examples of governing organizations.

3.2. Data Sources and Databases

The most significant data sources are the general and

www.irdrjournal.com



159 Intractable & Rare Diseases Research. 2018, 7(3):156-163.

Table 1. Identified common data sources in rare diseases information system and registration networks

Data source (Ref")

Frequency of studies

Reference centers or clinics (clinical and epidemiological data) (9,10,15-17,20-22,24,31,33,34,39,40,43)

Research centers and consortia (research data) (10,31,33,35,43,45)
Patient self -reported data (1/5-18,23,26,28,31-33,39)

Laboratory, genetics and imaging data (15,16,28,30,31,34,35,40,45)
Specific databases or registries for diseases (9,17,18,28,29,32,34,36,43)
Data from cohort studies (75,18,20,23,24,31)

Medical Records (Electronic Medical Records, Electronic Health Records, Primary Care Records) (8,9,17,18,20,24,32,34,36,43,45)

Biobanks and bio-specimen (29,32)
Drug registry (9,28,31,35)

Birth registry (8,9,21,22,40)

Death registry (9, 24)

Z G

SRRV NI B agite NIN-JAN-)

specialized rare diseases clinics and research centers,
which are the most important producers of clinical and
epidemiological data for these diseases. Furthermore,
data can be captured from hospitals, research centers,
bio-banks. In some systems, it is possible for patients or
their relatives to enter data related to disease progress,
the quality of their lives and other issues (/5,16,31,39).
A summary of the data sources is categorized in Table 1.

3.3. Datasets and data elements

Twenty three studies addressed datasets and their
related data elements. The datasets are categorized
into three main groups: a common dataset for rare
diseases, specific datasets, and complementary
or extended dataset. Common dataset and its data
elements were mentioned in 22 studies (8-70,15-
17,19,21-24,26,28-32,37-41). This dataset includes
data elements applied to a wide range of rare diseases,
such as patients’ demographic data, different types of
rare diseases, centers delivering services to patients,
medication history and medical records of patients,
family history, prenatal and neonatal records (Table 2).
Eight studies indicated the data elements required for a
specific dataset (8,10,17,19,21,26,34,39). This dataset
includes data specific to a particular rare disease and
is only applied for the same disease. The dataset for
Cystinosis, Nephronophytosis, Turner Syndrome and
Neonatal Diabetes (2/) are examples of this type of
dataset. The extended dataset includes data elements
that are not available in the two aforementioned groups,
but they add to, and improve, the knowledge about rare
diseases. This category includes high encouraged data
such as the experiences of patients and care givers,
and data from studies addressed a particular aspect and
conducted on an ad hoc basis (8,10,15,16,24,26).

3.4. Data standards

Fifteen studies showed the application of terminologies,
nomenclatures, and international classifications of
diseases including ICD 10, Systematized Nomenclature
of Medicine-Clinical Terms (SNOMED-CT), and

Logical Observation Identifiers Names and Codes
(LOINC), as well as information exchange standards
such as HL7 for data organization, developing datasets,
and data sharing. The most commonly used standards
are listed in Table 3. Classification systems such as ICD
10, Online Mendelian Inheritance in Man (OMIM) and
ORPHA-codes were the most used systems.

3.5. Data sharing

Nineteen studies indicated data sharing among different
bodies. Data sharing among parties such as scientific
and academic communities, clinics, and the national
database of rare diseases was reported in 12 studies (/5-
17,21,22,27-29,31,33-35). Data exchange of central
registry with the local databases or registries were
indicated in 12 studies (20-22,27-29,31,33,38,40,43,45).
Data interactions among academies, research
centers and clinics were reported in 10 studies (/8,20-
22,27,31,33,35,38,44). In addition, seven studies
indicated data sharing of patients or their relatives with
registries of rare diseases (/7,18,29,31,33,35,40).

3.6. Data quality control

The necessity of controlling the quality of
data generated in the information systems was
highlighted in 17 studies. In 14 studies, the data
producers were in charge of data quality control (75-
17,21,22,24,25,27,28,30-32,43,45); and in 8 studies,
data coordinators and governors took this responsibility
(10,15,16,18,24,27,31,45). In some studies, bodies such
as quality control committees or departments (/0,16,23)
and independent experts (/0,17,25,30,43) were in
charge of checking the quality of data.

Table 4 demonstrates a summary of the main data
quality control procedures together with criteria used in
this respect. Ten studies referred to cross review checking
as a routine for checking the quality of data through
applying measures including accuracy, consistency, and
completeness. Checking for duplications and missing
data were among the other approaches for controlling
data quality focusing mainly on the adequacy of data.
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Table 2. The main categories of Common Data Elements in rare diseases registration and information system

Core Data category Data Elements Instances Frequency of Studies Ref.
Demographic data - Sex 17 (8,9,15-17,21-24,26,30,32,37-41)
- Age (or date of birth)
- Education level
- Occupation
- City and country of birth
- City and country of residence
- Contact details
- Date of death
Diagnosis - Date of current diagnosis 15 (8,9,15-17,19,21-24,26,30,37,40,41)
- Status of diagnosis
- Proof of diagnosis
Care pathway - Type and name of treatment center 7 (8,16,17,26,30,37,39)
- Referring physician
- Center patient referred to
- Documented visits
- Date of contact
Medical history and medication - Date of first treatment 20 (8,9,15-17,19,21-24,26,28,30,32,36-41)
- Symptoms and date of onset of symptoms
- Birth and reproductive history
- Prenatal and neonatal information
- Physical examination
- Treatment strategy
- Orphan drug treatment
- Type of tests & results
Family history 9 (8,15-17,19,24,36,37,40)
Research and bio- banks data - Patient participation in trials 6 (8,16,24,26,28,43)
- Bio specimen storing in biobanks
Table 3. The most commonly used data standards
Category Standard Frequency of Studies Ref.
Terminology and classification
Code set LOINC 3 (8,36,37)
Diagnostic Classification Systems ICD 10 6 (9,16,20,27,29,43)
ICD-9-CM or ICD 9 2 9,27)
Specific International Classification systems 9 (9,16,20,27,29,32,36,37)
Nomenclature SNOMED-CT 7 (8,9,19,27,32,36,37)
Classification & Code Sets ORPHA-codes 9 (8,9,19-22,27,29,43)
Information interchange HL7 3 (8,32,36)
Gene codes set OMIM 10 (8,16,19-22,24,27,43,45)
Table 4. The most common procedures conducted for controlling data quality
Quality Control Procedure Data Quality Criteria Frequency of Studies Ref.
Predefined quality criteria for data - Completeness 5 (10,23,25,27,30)
- Accuracy
Cross review checking - Accuracy 10 (15-18,23-25,28,30,32)
- Consistency
- Completeness
Checking for missing data - Completeness 3 (15,23,31)
- Adequacy
Checking for duplications - Adequacy 5 (21,22,25,27,45)
- Accuracy
Unification of data format - Consistency 2 (23,43)
Double entry of partof all data -Accuracy 2 (23,25)
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Accuracy, as a data quality measure, was referred to in all
of the studies that remarked the necessity of controlling
data quality.

4. Discussion

Over the past two decades, there has been an increasing
attention to rare diseases and managing these diseases (6).
France, the United Kingdom (UK), and the United States
are viewed as pioneer countries in terms of legislation,
setting standards, developing of a network infrastructure
for rare diseases, and creating information systems for
these diseases (6,10,18,21,27,29-31,35,37).

4.1. Organizations involved in data generation and
governance

Different organizations are dealing with rare diseases
data. Continued monitoring and financial support by
coordinators and governors could help data producer
organizations to generate data considering data quality
requirements. Data producer organizations, in turn,
could feed governor organizations by high quality data
to set and update relevant policies. In addition, data user
organizations, such as research and care centers could
have improved performance when using high quality
data.

One of the main issues with management of rare
diseases data is collecting data by different organizations
in parallel resulted in data redundancy and duplication of
efforts. Organizations such as research centers, clinics
and hospitals may have their own exclusive databases
for data collection. Developed countries have design
and implemented a national integrated information
network for managing rare diseases data, in which
governing organizations play a coordinating role to avoid
duplication of data collection (37,32).

4.2. Data sources and datasets

As the findings showed, there are a variety of data
sources for a rare disease information system. Developing
a national rare disease information system with the
capability of data sharing with different data sources has
a key role to play in efficient data management (9,46).
Due to the diversity of data sources, it is very
challenging to determine a certain dataset for rare
diseases. Common and specific datasets are two main
datasets for rare diseases, in which the association
between the common and specific datasets could
be depicted in the form of a flower known as the
Petal model (/7). In this model, the common dataset
constitutes the central core of the flower and the specific
datasets of each rare disease make the petals and can be
gradually added to the core part (/7,27). In developed
countries, work groups and specialized consortia are in
charge of defining specific datasets for each of the rare

diseases groups (8,26,35,47).

The findings indicated the diversity of rare diseases
data and data sources causing difficulties with data
management. This issue could be eliminated through
developing an integrated information system and the
application of data standards.

4.3. Data standards

The use of standards could improve data quality
and the interoperability of systems (&). In relation
to the terminology and classification standards,
these standards could be used to report the results
of diagnostic tests (8,27,22), classify the conditions
and provided services for statistical analysis, and
reimburse of the costs (20,27,29). Since no standard
for diagnostic codes is yet created for the classification
of rare diseases, many countries have been using
ICD-10. However, this disease classification lacks
many of rare diseases and genetic disorders and does
not fully support the detailed classification of these
diseases (21,22,48). To overcome this issue, there have
been global efforts coordinated by the World Health
Organization to develop classification codes for rare
diseases (5,48). Currently, a greater compatibility with
the majority of genetic rare diseases is anticipated
in ICD 11. Therefore, it is highly recommended to
use ICD 11 and the ORPHA-codes simultaneously,
as a valid ontology for rare discases, although the
alignment of ORPHA codes with SNOMED-CT, ICD-
10 and OMIM is still in progress and requires further
development (5,17,48). Some European countries
such as France, use ORPHA codes rather than ICD-10
and SNOMED-CD (21,22), and this could be due the
ORPHA codes being more specific and allowing better
organization of rare diseases data.

4.4. Data sharing

With respect to data sharing, standards such as the HL7
support the exchange of data. This standard facilitates
data sharing among different organizations, such as
health and research centers, as well as policy making
organizations (8,37,35). As findings indicated, different
types of data could be shared among different bodies
(46). Data sharing of health and research centers
with the rare diseases registry is a main type of data
interaction. Knowing that the most of bodies involved
in data sharing are considered as both data producers
and data users, their interactions with rare diseases
registry is often two-dimensional, as they could send
clinical and epidemiological data to the registry and
receive information such as the relationship between
phenotype and genotype characteristics of any rare
disease (/8,27,46). Another important type of data
sharing could be seen between a central database or
registry and other databases or specialized registries. In
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this type of data sharing, the central registry acts as a
hub and interacts with other registries (20,43).

4.5. Data quality control

The other key aspect of data architecture for rare diseases
deals with laying the foundation for checking the quality
of data, as the use of standards could improve the
efficient use of the information system when data quality
is addressed. Therefore, applying data quality procedures
could help to ensure the quality of data.

5. Conclusion

To eliminate the challenges with the management of
rare diseases, development of an integrated information
system considering data architecture is crucial.
Identifying data sources, defining datasets and data
elements, and defining the interactions between data
sources could help to design an integrated rare disease
information system that could facilitate information
sharing and provide the opportunity for sharing
experiences at regional, national, and even transnational
levels.
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Summary Autosomal recessive spastic ataxia of Charlevoix-Saguenay (ARSACS) is a neuromuscular
disorder caused by the mutation of the SACS gene. Clinical symptoms of this disease include
progressive ataxia, spasticity, and peripheral neuropathy. Similar to other neuromuscular
disorders, these patients are prone to physical deconditioning which may lead to a loss of
functional capacity. This paper aims to evaluate the impact of a training program on the
physical fitness and the functional capacity of ARSACS patients. Twelve patients (age:
28.1 + 8.2 years) participated in this study. They followed an eight-week training program
including physical activities, strength-power and aerobic training. Compared to the initial
evaluation, measures of physical fitness and functional capacity were significantly improved
(p £ 0.05) for 11 of the 12 tests. Positive gains were also observed for fall frequency and
for upper-limb incoordination. This paper supports the importance of a training program
for ARSACS patients in order to improve their quality of life. Through these types of
interventions, it may be possible to slow down the progression of the disease and help

maintain functional capacity.

Keywords: ARSACS, Ataxia, exercise training, functional capacity, upper-limb incoordination

1. Introduction

Autosomal recessive spastic ataxia of Charlevoix-
Saguenay (ARSACS) is a rare disease which has been
documented for the first time by Bouchard et al. in
1978 (1). The discovery of the disease's etiology is
recent, and the pathology basis and the mechanical
physiopathology are not fully understood. Located on
chromosome 13, a mutation of the SACS gene hinders
the proper production of the sacsin protein (4,579-aa),
which is the cause of ARSACS. This disruption leads

Released online in J-STAGE as advance publication August 15,
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to an abnormal dendrite morphology which affects the
transfer of nerve impulses and consequently leads to
the death of Purkinje cells in the cerebellum (2). The
main clinical symptoms associated to this disease are
progressive ataxia, spasticity and peripheral neuropathy
(3). ARSACS is a hereditary disease that is specific to
the Charlevoix and Saguenay-Lac-Saint-Jean (CSLSJ)
regions (4,5). Like other recessive diseases, ARSACS
has a high prevalence in these regions while it is rare
worldwide. Nevertheless, some cases were observed in
countries like Japan, Italy, Tunisia and Turkey (6).

ARSACS, as with other neuromuscular/neurological
diseases, generally brings patients to be less active
and causes physical deconditioning (7,8). This could
result in an important decrease in functional capacity
and could even lead to a premature loss of autonomy.
Actual best practice management of ARSACS patients
is mostly palliative and is not sufficient to maintain
their quality of life.

Recent research demonstrated that physical activity
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and training have a positive impact on patients with
pathologies similar to ARSACS. More precisely,
results show a positive association between strength
training and certain symptoms of neuromuscular
disorder (NMD) and neurological conditions (9-21).
Furthermore, as demonstrated by several authors
(8,12,17,22-25), patients affected by certain NMD can
even improve their locomotor skills following specific
training programs. However, to our knowledge, the
impact of physical training has not yet been established
with ARSACS patients.

Thus, the objective of this paper is to evaluate the
impact of an exercise program on the physical fitness
and the functional capacity of patients affected by
ARSACS. Based on results from existing NMD studies,
our hypothesis is that the exercise program will have
a positive impact on ARSACS patients by increasing
their physical fitness level and, consequently, their
functional capacity.

2. Materials and Methods
2.1. Participants

Twelve early-onset ARSACS patients (5 males
and 7 females) aged between 17-45 years (28.1
+ 8.2 years) participated in this study. They were
recruited from a list provided by Muscular Dystrophy
Canada. Traditionally, the severity of the disease in
ARSACS patients is typically evaluated in clinic
based on walking mobility (3,26) rather than using
a standardized scale. While several ataxia severity
scales exist, such as the Scale for the Assessment
and Rating Ataxia - SARA (27) and the International
Cooperative Ataxia Rating Scale - ICARS (28), they
do not consider all three components of the disease
(pyramidal, cerebellar and neuropathic) in order to
provide a more complete picture. In addition, none
of these scales have been validated in patients with
ARSACS. Even though it is conceptually possible to
perform a combination of these severity scales, it is
not a viable option due to large number of items that
need to be evaluated. Participants were thus classified
by severity according to their ability to walk: light (n
=5, walking without aid), moderate (n = 3, walking
aid required) and severe (n = 4, wheelchair-bound).

All participants were at least sixteen years of age,
which is the legal age at which a person can give
their consent to participate in a study according to
the applicable local laws. To be included in the study,
participants must have been diagnosed with ARSACS
through genetic testing. The only exclusion criterion
was to have received medical contraindications for the
practice of physical activities. All participants gave
their informed written consent to participate in this
research, which was approved by the University Ethics
Committee Board (N0.602.381.01).

2.2. Testing protocol

During the first week, all participants were assessed
using 5 strength and 7 functional tests, for a total of 12
assessment tests. Assessments were separated into two
90-minute sessions to ensure optimal performance. There
were 12 stations, each corresponding to a different test,
and participants went through each one sequentially.
Between each station, there was a two-minute rest
period. This same procedure was also followed during
the last (ninth) week of the program.

2.3. Physical fitness tests

Assessment of physical fitness was performed using
conventional weight training equipment. During the
first week, a maximum strength test was administered
for each of the 5 strength exercises (Figure 1) identified
using the one-repetition maximal load (1RM). Since it
is difficult and time-consuming to precisely establish
the maximum load that can only be lifted once, the
maximum load was established from the 1RM table
suggested by Baechle et al. (29). In order to estimate the
IRM, the maximum number of repetitions accepted was
6 without which the participant had to start again with a
load increased by 20%.

To assess abdominal strength, the participant was
seated in front of the pulley and held the rope handle on
his chest. The aim is to lift the heaviest possible load by
bending the trunk forward to an angle of 90° (Figure 1A).

Upper-limb strength (bench press) was measured
while the participant was sitting. The arms are bent at
90° at shoulder height. The participant would then lift the
load with a complete extension of the arms (Figure 1B).

The biceps curl was assessed while the participant
was seated with elbows supported in extension (180°)
and hands in supine position. The participant would then
lift the load (flexion of the elbows) with both arms in
order to reach a vertical position with arms bent at 50°-
60° (Figure 1C).

Maximal muscle strength of the quadriceps was
measured on a knee extension device (Figure 1D). While
the participant was seated, their feet were placed under
the cushioned roll while the thigh-calf angle is at 90°.
The load was lifted with a full extension of the knees
which represents 180°.

Finally, pectoral strength was assessed using a
pectoral fly device (Figure 1E). In the sitting position,
the participant had their arms open so that they form an
angle of 180° while the elbows are bent at 90°. From this
position, the elbows were bent forward by a movement
towards the median plane (adduction).

2.4. Functional capacity tests

Functional capacity was evaluated using parts of the
testing protocol proposed by Kalinova and Leone (30)
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(D)

(E)

Figure 1. Pictures of the training devices used with ARSACS patients. (A) Abdominal strength; (B) Bench press; (C) Biceps

curls; (D) Knee extension; (E) Pectoral fly.

which include one-hand plate tapping, sit-and-stand,
six-minute walk test and the hand grip strength test
(Table 1). In addition, a Swiss ball was used to assess
trunk stability/balance, a bench press test was used
to evaluate muscular endurance of the upper-limbs, a
10m-walk test assessed the maximal walking speed and
a questionnaire was used to evaluate the frequency of
falls within the previous week.

The one-hand plate tapping test, which assesses
the speed of the upper-limbs, consisted of moving
laterally the dominant hand as quickly as possible by
touching alternatively each of the two circles which were
separated by a distance of 60 cm. The result is expressed
as the total number of hits within 20 seconds (nb-20s™).

The sit-and-stand test requires participants to sit and
rise from a standard chair without using their arms. The
test ended after 20 seconds during which the number of
sit-and-stand was counted (nb-20s™).

The bench press test allows for the measurement of
the participant's capacity to move a load that represents
40% of 1RM as many times as possible within 20
seconds (nb-20s™). The total number of repetitions was
noted.

Several reliable test batteries, such as the Berg

Table 1. Description of factors and variables used to assess
ARSACS patients for functional capacity and physical
fitness evaluations

Factors Variables

Functional capacity variables

Speed (upper limbs) 1- One-hand plate tapping (nb20s™)
Speed (lower limbs) 2- Sit-and-stand (nb-20s™)
Endurance (upper limbs) 3- Bench press (nb-20s™)

Balance 4- Swiss ball balance test (s)

Grip strength 5- Hand grip strength (kg)

Functional capacity to walk  6- Six-minute walk test (m)
Walking maximal speed 7- 10m-walk test (s)

Physical fitness variables
Maximum muscle strength 8- Abdominal strength (kg)

9- Bench press (kg)

10- Biceps curls (kg)

11- Knee extension (kg)

12- Pectoral fly (kg)

Number of repetitions (nb) ; Kilogram (kg); Second (s); Watts (w);
Meter (m).

balance scale, can be used to evaluate balance and/or
stability in the general population. However, since the
majority of the participants are either wheelchair bound
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Table 2. Specific parameters of the strength and the power training

Items Parameter Strength training Power training
Week 1 Initial evaluation - -
Week 2 Set 1 1

Repetition 3-6 6-8

Rest period 2 minutes 1 minute

Load 80% of 1 RM 40% of 1 RM
Weeks 3 to 8 Set 2 1

Repetition 3-6 6-8

Rest period 2 minutes 1 minute

Load 80% of | RM 40% of 1 RM
1 RM = One repetition maximum.
Table 3. Specific parameters of the aerobic training
Week Session 1 Session 2 Weekly volume (min)

Set x [minutes ran (r) and/or walked (w)] Set x [minutes ran (r) and/or walked (w)]

1 Initial evaluation Initial evaluation Initial evaluation
2 1 x (151) 1% (151) 30
3 3 x (41/1w) 8 x (1r/1w) 31
4 4 x (41/1w) 10 x (1r/1w) 40
5 1 x21r 11 % (1r/1w) 43
6 5 x (41/1w) 12 x (1r/1w) 49
7 4 x (51/1w) 13 x (1r/1w) 50
8 4 % (6r/1w) 13 x (1r/1w) 54

or require a walking aid, most items in the balance scale
would not be feasible. Therefore, the Swiss ball trunk
stability test with eyes open, proposed by Noehren and
colleagues, was used (37). This test determines the
participant's capacity to maintain their stability/balance
in a seated position while having one foot in contact
with the ground. The final score corresponds to the
length of time (s) that the participant was able to remain
seated on the Swiss ball without using their hands or
the free leg. The test can also end if the participant
succeeds to maintain balance for one minute.

The hand grip test (manual dynamometer; Takei
Kiki Kogyo model tk-1210, Japan) allows for the
measurement of the maximal strength developed by the
finger joints and the forearm. Two trials for each hand
were allowed and the sum of the best score for each
hand was noted (kg).

The six-minute walk test is a popular method of
assessing the walking ability of individuals affected by
different conditions. This test was administered according
to the procedure described by American Association of
Cardiovascular and Pulmonary Rehabilitation (32) for
patients who are able to walk with or without walking
aid. Wheelchair patients performed the test using their
own wheelchair. The results are expressed as the distance
(m) traveled in 6 minutes.

The 10m-walk test consists in traveling a distance
of 10m as fast as possible (33). The original procedure
was slightly modified by adjusting the distance to
10m instead of the more common typical 7.62 m
distance. Patients were allowed to use their wheelchairs

or walking aid when needed. The results of the test
correspond to the time (s) required to complete the total
10m distance.

In addition, upper-limb coordination was also
assessed using a computerized version of the
Archimedes spiral test (34). Results were extracted and
frequency analysis was performed in order to examine
smoothness of movement, which is a good indicator
of coordination. Finally, participants completed a
questionnaire aiming to assess, on a scale from 1 (never)
to 10 (very often), the impact of the program on the
frequency of their falls (pre vs. post-training).

The eight-week training program consists of two
90-minute sessions every week. The content of each
training session depends on the degree of severity of the
disease. For the lightly and moderately affected groups,
the sessions were divided into three parts: /) 30 minutes
of physical activities or sports (volleyball, badminton,
etc.); ii) 30 minutes of strength and power training using
resistance training devices; iif) 30 minutes of aecrobic
fitness training on an indoor track or an aerobic training
machine (treadmill, bicycle, rowing machine). The group
consisting of severely affected patients did not participate
in the physical activities and sports portion of the
training. Instead, their training only focused on strength
and power exercises (45 minutes) and aerobic fitness (45
minutes). This ensures that both groups have the same
training volume. The specific parameters of the training
program are presented in Table 2 (strength and power
exercises) and Table 3 (aerobic fitness). Each training
session was supervised by two qualified kinesiologists.
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Table 4. ARSACS patient performance on functional capacity evaluations

Variables Pre-training (n = 12) Post-training (n = 12) p-values Cohen's d Effect Size
1. Plate tapping (nb-20s™) 49.8 + 14.1 56.0+13.6 0.003 0.45
2. Sit-and-stand (nb20s™) 83+3.0 10.1£2.2 0.007 0.68
3. Bench press (nb20s™) 16.8+9.2 21.5+9.3 0.003 0.51
4. Swiss ball balance test (s) 43+58 6.7+7.9 0.003 0.35
5. Hand grip strength (kg) 54.8+20.8 60.1 £21.5 0.005 0.25
6. Six-minute walk test (m) 318.7+120.4 375.6£131.6 0.008 0.45
7. 10m-walk test (s) 9.1+64 8.1+4.6 0.117 0.18

Descriptive statistics are presented as means and standard deviation (mean + SD). Bold characters indicate statistical significance at p < 0.05.
Cohen's d coefficient: 0.20 small; 0.50 medium; 0.80 large. Number of repetitions (nb).

Table 5. ARSACS patient performance on physical fitness evaluations

Variables Pre-training (n = 13) Post-training (n = 13) p-values Cohen's d Effect Size
Physical fitness

1. Abdominal strength (kg) 314+79 44.1+£11.7 0.003 1.10

2. Bench press (kg) 56.0+27.4 76.1 +£41.7 0.003 0.58

3. Biceps curls (kg) 21.2+8.7 26.8+8.0 0.005 0.67

4. Knee extension (kg) 58.8+£20.9 75.5+26.9 0.002 0.69

5. Pectoral fly (kg) 41.2+184 49.8 +19.6 0.003 0.45
Fall frequency

1. Number of falls (nb/week) 29+1.7 1.7£0.8 0.015 0.90

Descriptive statistics are presented as means and standard deviation (mean + SD). Bold characters indicate statistical significance at p < 0.05.

Cohen's d coefficient: 0.20 small; 0.50 medium; 0.80 large.

2.5. Statistical analysis

Participants' physical fitness and functional capacity
measurements are reported as mean + standard deviation
(SD). Because of the small sample size and violation
of normality test assumptions, nonparametric paired-
samples Wilcoxon signed-rank tests were used to
analyze the differences between pre and post-training
evaluations. Cohen's d coefficients were calculated in
order to estimate the effect sizes (ES). All statistical
analyses were performed using SPSS version 24. Finally,
values of p <0.05 were established as significant.

3. Results
3.1. Functional capacity and physical fitness evaluations

Table 4 and Table 5 present the results of the physical
fitness and functional capacity tests. They show that
most tests (11 out of 12) display statistically significant
improvements between the initial and the final
evaluations. When considering functional capacity, 6
out of 7 tests showed significant differences (one-hand
plate tapping, sit-and-stand test, bench press (muscular
endurance), Swiss ball balance test, hand grip strength,
six-min walk test). The majority of functional tests
showed ES values ranging from moderate to large (Table
4). Results obtained for the 10m-walk test revealed
no significant improvement. With respect to physical
fitness evaluations, all 5 tests showed significant

differences between pre and post-training periods (Table
5). Their calculated ES ranged from moderate to very
high.

3.2. Questionnaire on the frequency of falls

Answers to the questionnaire on the frequency of falls
(Table 5) reveal that there is a significant difference
(p = 0.04) between pre-training scores (2.2) and post-
training scores (3.2). The calculated ES is considered
moderate (0.5).

3.3. Upper-limb coordination

Figures 2A, 2B and 2C show the superimposed spiral
traces drawn by all participants. Figure 2A shows the
results of spiral traces performed by ARSACS patients
before training whereas Figure 2B shows the results after
the eight-week program. For the purpose of comparison,
Figure 2C presents spiral traces produced by 36 healthy
age-matched participants. It shows a spiral shape of
a certain thickness that illustrates that even healthy
participants deviate a little from the reference.
Compared to Figure 2C, the spiral traces from
Figure 2A were markedly entangled. After an eight-
week training program, the spiral traces produced by
the participants became visibly less entangled (Figure
2B). Pre and post-training results of frequency analysis
were compared and p-values for each frequency are
plotted in Figure 2D. The figure indicates that frequency
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Figure 2. Comparison between ARSACS patients before (A) and after training (B); Spiral trace performed by healthy
participants (C); p values related to the statistical significance of differences between trained and untrained ARSACS
patients (D); ES coefficients related to the clinical differences between trained and untrained ARSACS patients (E).

components between 2.5 Hz and 4.7 Hz showed
significant changes after the exercise program. Figure
2D shows the result of the comparison (p value) for each
frequency between pre and post-training. Beyond the
statistical significance, the values of the ES coefficients
highlight the clinical importance of the changes in
the level of ataxia (Figure 2E). At f = 4.3 Hz, the ES
coefficients reached a maximum value of 0.85, indicating
a high clinical impact.

4. Discussion

Results of this study support the hypothesis that an
eight-week specific training program improves physical
fitness and functional capacity of ARSACS patients. This
demonstration is similar to what was observed in the
case of neuromuscular (9,18) or neurological conditions
(10,19). This study is, to our knowledge, the first one to
assess the impact of an exercise program on the physical
fitness and functional capacity of patients affected by
ARSACS.

4.1. Impact of resistance training on muscle strength
and functional capacity

The strength-power training program generated positive
adaptations in a number of muscular groups. In addition,
according to the evaluation, functional capacity was also
improved. This is interesting as there was no specific
exercise aimed at improving functional capacity. This
can be partially explained by Bohannon's theory (35)
which hypothesizes that a gain in strength improves
the neuronal condition between the agonist and the

antagonist muscles, which enhances the execution of
certain functional tasks.

4.2. Changes in walking ability and balance

The participants recruited in this study were initially
considered inactive. As the study progressed,
their walking ability improved possibly due to the
development of their aerobic capacity, lower limb
strength and balance. The results of the questionnaire
revealed that participants fell less often at the end of
the eight-week training program. This outcome may be
attributed to benefits obtained from the strength-power
training program. Indeed, strength and power have
often been associated to fall prevention and the results
from this study support those findings (36-38).

Comparison between pre and post-training for the
10m-walk test showed no significant differences. As
well, the ES value was also modest. Several reasons may
explain this result. The most likely explanation is that
this test was not well adapted to the chosen population.
In fact, ARSACS patients in our sample formed a very
heterogeneous group with some who are able to walk
and others who are wheelchair-bound. When the four
wheelchair patients were excluded from the analysis,
the 10m-walk test became statistically significant (p =
0.05). Despite this result, the ES values remain fairly
modest, with values below 0.25. Indeed, steady-state
aerobic training is not known to contribute to improve
the performance in a walking speed task. In addition,
strength and power training of leg muscles, without
specific sprint training, will likely not improve the
performance of the 10m-walk test.
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4.3. Impact of upper-limb strength training program on
movement incoordination

Upper-limb coordination of ARSACS patients, as
measured by the Archimedes spiral test, showed
statistical and clinical improvement after the eight-week
training program. These changes can be observed when
visually comparing the superimposed spiral traces pre
and post training. In addition, these visual differences
also reflect changes in frequency analysis results.
Indeed, analysis was performed on a large range of
frequencies and results showed significant differences
on certain frequency bands between pre and post-
training. These results support previous observations that
certain frequency bands are more sensitive than others
in evaluating incoordination (34). Indeed, the work of
Bui et al. has shown that frequency analysis is a very
sensitive tool to discriminate healthy participants from
ARSACS patients, particularly between 1.2 Hz and 1.7
Hz. In this study, after an eight-week training period, the
ARSACS patients significantly improved their frequency
analysis scores between frequency bands of 2.5 Hz and
4.7 Hz. This difference in frequency bands suggests
that the training program helps improve coordination,
as measured by the spiral test, but does not necessarily
improve frequency components that distinguish
ARSACS participants from healthy ones. While there
were no coordination-specific exercises performed
during the program, the authors believe that physical
fitness training was a major contributor in this positive
change. Indeed, a better stability of the shoulder, due to
improved shoulder girdle strength, may be responsible
for coordination gain and decreased symptoms of ataxia.

4.4. Study limitations

Due to the fact that ARSACS is a rare disease, the
number of participants was limited to twelve. While it
may seem like a small number, it is important to state
that there are only about 300 known cases of ARSACS
in the CSLSJ region. In addition, the problem with
limited participation is also common in others studies
with rare NMD (39). A second limitation of this study
is that the training period consisted of eight weeks and
that no conclusions can be drawn on its impact in the
long-term. Finally, the absence of a control group can
be considered a limitation. However, since the objective
of this study was to examine the response to physical
exercise, pre and post-training evaluations seem to
indicate promising results on their physical autonomy.

5. Conclusion

This study presents an eight-week exercise program and
its effect on the physical fitness and functional capacity
of people affected by ARSACS. To our knowledge, this
is the first study that evaluates the impact of training on

the ARSACS population. While this is still a preliminary
study, our results suggest that physical training does
not have a deleterious effect on their musculoskeletal
and/or cardiorespiratory functions. In fact, results of
pre and post-training assessments show that most tests
(11 out of 12) presented significant improvement.
For instance, maximal strength evaluations suggest
that muscular capacity can be improved following a
resistance training program. These results also seem
to contribute to improving functional capacity even
though no specific exercises were prescribed, which
is in accordance with Bohannon's theory. In addition,
since ES values range from moderate to high for
most variables studied, these changes seem to suggest
that important improvements can be obtained from a
patient's clinical perspective in day-to-day activities.
Indeed, as indicated by the significant reduction in the
frequency of falls and by the large value of the effect
size, these results can be seen as a global indicator of
the potential benefits of this type of intervention.

The overall positive change observed in these
patients provides an encouraging sign that it is possible
to help ARSACS patients maintain or regain their
autonomy. This can have a positive impact both on an
economic and a social level.
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Summary Elizabethkingia meningoseptica (E. meningoseptica) is a non-fermenting gram negative
organism that is commonly detected in the soil and water but is rarely reported to cause
human infection. However it is emerging as a nosocomial pathogen in patients admitted in
intensive care units (ICUs). Infections caused by this organism have a high mortality rate due
to lack of effective therapeutic regimens and its intrinsic resistance to multiple antibiotics.
We report our experience in managing Elizabethkingia meningoseptica (E. meningoseptica)
septicemia in our ICU patients with septic shock during prolonged intensive care management.
Over a two year period four cases were admitted into the polytrauma ICU developed sepsis
due to E. meningoseptica. All these patients were on mechanical ventilation, had central
venous catheter (CVC) and were exposed to various broad spectrum antibiotics. Of the four
patients, three died and one recovered. E. meningoseptica infection should be considered as a
possible etiological agent of sepsis in patients who do not respond to empirical therapy, as this
results in an inappropriate choice of antimicrobial therapy, leading to increased morbidity and
mortality of patients. Its unusual resistance pattern along with inherent resistance to colistin
makes this organism difficult to treat unless susceptibility patterns are available.

Keywords: Elizabethkingia meningoseptica (E. meningoseptica), septicaemia, Intensive Care
Unit (ICU), multi-drug resistance

1. Introduction

Elizabethkingia species are gram negative bacilli which
are aerobic, oxidase positive, indole positive, non-
motile bacilli and does not ferment glucose. They can
be found commonly in freshwater, saltwater, soil and
in hospital environments (/). They do not normally
exists in the human body, but have been reported to
cause various invasive infections like meningitis,
pneumonia, endocarditis, and bacteremia in adults and
neonates in association with severe underlying illness
(2). The risk factors associated with acquisition of
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this infection include immunosuppression, underlying
medical diseases, prolonged hospital stay, prior use of
higher antibiotics, indwelling central venous catheter
and other invasive devices (3). This organism is
resistant to many antibiotics like beta-lactam antibiotics,
aminoglycosides, tetracyclines, and chloramphenicol,
However, it is susceptible to some agents used to treat
Gram-positive bacteria like erythromycin, clindamycin,
rifampicin, trimethoprim-sulfamethoxazole, quinolones
and vancomycin (4). Selecting appropriate antimicrobial
agents for patients infected with E. meningoseptica
is difficult due to lack of data on clinical response
to different treatments and also due to multiple drug
resistance. In this report, we describe a series of four
cases with E. meningoseptica bacteraemia and septic
shock admitted to the ICUs of our level 1 Trauma Centre.

2. Patients and Methods

This is a retrospective study conducted over a two
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year period from June 2016 - May 2018 at our level
1 Trauma Centre. During the above time frame, four
cases admitted in the polytrauma ICU developed sepsis
due to Elizabethkingia meningoseptica. Blood cultures
of these patients grew E. meningoseptica which were
identified up to the species level by VITEK 2 GN
card (version 7.02, BioM¢érieux, Inc. Durham, USA).
Antimicrobial susceptibility testing was performed by
Kirby-Bauer disc diffusion method on Muller Hinton
agar and by Vitek 2 (BioMe rieux) system. The MICs
were interpreted based on the Clinical and Laboratory
Standard Institute (CLSI) criteria for other non-
Enterobacteriaceae. Patient's details and clinical data
included sex, age, diagnosis at admission, presence of
central venous catheter, dates and dosages of antibiotic
drug administration, dates of catheter removal, and
outcome of bacteraemia were recorded. The reports of
culture of other samples were also recorded.

2.1. Case 1

A 54 year old male patient admitted with history of
Road Traffic Accident (RTA), presented with loss of
consciousness during admission. On examination,
the patient was intubated from an outside hospital,
stable haemodynamically, the Glasgow Coma Scale
(GCS) being E4VTMS. The case was suspected to
have head injury with chest trauma, abdominal injury
and pelvic fracture along with fracture of long bones
(Polytrauma). On local examination of the right leg,
the patient had swelling, tenderness and deformity.
X-ray finding revealed intertrochantric fracture of
femur following which the patient was started on
intravenous (IV) augmentin 1.2 gram and injection
metrogyl 750mg IV stat and operated on an emergency
basis and was shifted to polytrauma ICU. On 3™ post-
operative day in the ICU, the patient developed high
grade fever along with pus from the operated site. The
pus culture grew Acinetobacter baumannii sensitive to
colistin and tigecycline. Based on the culture reports,

the patient was started on colistin 4.5 million [U IV BD
and meropenem lgram IV TDS for 14 days. Despite
two weeks of antibiotic treatment, the patient still had
persistent fever. The antibiotic was changed to IV
tigecycline 50 mg BD. Total leucocyte count (TLC) was
13,350 cells/mm’ (4,500 - 11,000), hemoglobin 9.5 g/
dL (13 - 15), sodium 136 meq/L (145 - 150), potassium
4.8 meq/L (3.5 - 5.5) and chlorides were 105 meq/
L (96 - 106). The symptoms persisted with increasing
TLC counts, thrombocytopenia and raised procalcitonin
levels 2.53 ng/mL (normal < 0.15) suggestive of sepsis.
Two sets of blood cultures were sent, one from central
line and one from peripheral line. Both the cultures
grew E. meningoseptica which was resistant to most
of the antibiotics. The MICs of various antibiotics
are shown in Table 1. The patient was started on IV
levofloxacin and inotropic support. Despite all possible
resuscitative measures the patient had a fatal outcome
on the 42™ day of hospitalization.

2.2. Case 2

A 30 year old female was admitted in our emergency
department following history of fall due to which she
had sustained injury on the right side of the hip. On
local examination there was tenderness, swelling,
painful and restricted movements. X-ray revealed
intertrochanteric fracture with proximal femoral nail
(PFNA) in situ. The patient was started on injection
cefoperazone/sulbactum 2 gm IV BD, injection
levofloxacin 750 gm IV OD. She was operated on
an elective basis and shifted to the orthopaedic ward.
During the 14" postoperative day, the patient developed
fever, hypotension, and generalised edema with
tachycardia and was shifted to the ICU. In the ICU, the
antibiotics were escalated to injection colistin 1 million
units IV TDS and injection meropenem 1 gm IV TDS.
Multiple blood cultures were sent. The blood culture
sent on the 13" day of ICU stay grew E. meningoseptica
sensitive to cefepime-tazobactum and piperacillin-

Table 1. Antimicrobial susceptibility profile of E. meningoseptica isolated from four cases

Minimum Inhibitory concentration (MIC)

Antibiotics

Isolate 1 Isolate 2 Isolate 3 Isolate 4
Amikacin > 64(R) > 64(R) > 64(R) >64(R)
Gentamicin >16(R) >16(R) > 16(R) >32(R)
Cefepime >64(R) >32(R) > 64(R) > 64(R)
Cefoperazone > 64(R) > 64(R) >32(D) > 64(R)
Ceftazidime >32(R) > 64(R) > 64(R) > 64(R)
Ciprofloxacin >4(R) >4(R) >4(R) 0.5(S)
Levofloxacin >4() >8(R) >8(R) 0.5(S)
Imipenem >16(R) >16(R) > 16(R) >16(R)
Meropenam >16(R) >16(R) >16(R) >16(R)
Piperacillin > 128(R) > 64(I) > 128(R) >128(R)
Piperacillin/Tazobactam >128(R) <16(S) >128(R) >128(R)
Ticarcillin/Clavulanic acid >128(R) >128(R) <16(S) >128(R)
Trimethoprim/Sulphamethoxazole >320(R) > 160(R) >160(R) <2(S)
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tazobactum. The antibiotic was changed to piperacillin-
tazobactum based on the susceptibility report. On the
19" day of ICU stay, the patient again had an episode of
fever, hypotension and also sustained a cardiac arrest.
The patient was started on multiple inotropes, but could
not be revived.

2.3. Case 3

A 76 year old female had a history of fall following
which she sustained injury to the left hip. She was
admitted to our emergency department. Local
examination revealed pain, swelling and deformity
of the left thigh. X-ray revealed sub trochanteric
fracture of left femur. The patient was a known case
of hypertension and Type 2 diabetes mellitus and had
deranged kidney and cardiac parameters and was
investigated for surgical clearance. Following surgical
clearance the patient was operated on and owing to high
risk and underlying illness, she was shifted to the ICU.
On the 5" postoperative day, she developed high grade
fever and the blood cultures grew Escherichia coli
sensitive to tigecycline and colistin. The patient was
started on the above antibiotics as per the culture report.
Despite these antibiotics the patient continued to have
fever and the blood cultures sent on the 15" day of ICU
stay grew Enterococcus faecium sensitive to ampicillin-
sulbactum, vancomycin, teicoplanin and linezolid.
The patient was started on linezolid 600 mg IV BD.
The patient still persisted to have fever on and off. The
blood cultures sent on the 31* day of hospitalisation
grew E. meningoseptica sensitive to cefepime-
tazobactum, cefoperazone-sulbactum, piperacillin-
tazobactum and ticarcillin-clavulanate. The patient was
started on cefepime-tazobactum. Despite all the efforts
the patient succumbed to death on the 47" day of ICU
stay.

2.4. Case 4

A 16 year old male was admitted with a history
of RTA following which he presented with loss of

consciousness and vomiting. He was suspected to have
head injury. The CT scan revealed left temporal and
occipital contusion with mass effect and midline shift.
The patient was started on augmentin 1.2 mg IV stat.
An emergency decompressive craniectomy was done
and he was shifted to the ICU. Post operatively, the
patient was started on injection cefoperazone-sulbactum
1 gm IV BD and injection netilmycin 200 mg IV OD
and was kept under observation in the ICU. On the 5"
postoperative day the patient developed fever along
with chest infiltrates, following which endotracheal
aspirate (ETA) sample was sent to the lab. The ETA
grew Pseudomonas aeruginosa which was sensitive
only to colistin. The patient was then started on IV
colistin. The patient still continued to have fever with
increasing TLC counts. Multiple blood culture samples
were sent. The blood sample sent on the 9" day of ICU
stay grew Elizabethkingia meningosepticum sensitive
to ciprofloxacin, levofloxacin and trimethoprim/
sulphamethoxazole. The MIC values of the antibiotics
are shown in Table 1. Prompt treatment with
ciprofloxacin led to improvement of the patient.

3. Results and Discussion

Four cases of E. meningoseptica infections were reported
in our ICU from June 2016 - May 2018. All four patients
blood samples grew E. meningoseptica. The colony
morphology of E.meningosepticum was smooth circular
1-2 mm colonies with entire edges and regular margins
with a slight yellow pigmentation on nutrient agar after
24 hours incubation. The growth on blood agar showed
1-2 mm smooth, circular, greyish-white non-hemolytic
colonies. There was no growth on MacConkey agar. All
isolates grew at a temperature of 37°C.

Among the four patients, three patients were
immunocompetent, one was immunocompromised
with underlying illness. The mean age of the patients
was 43.7 years. Two were males and two were females.
The median time from admission to isolation of E.
meningoseptica was 12 days range (10-25 days). Two
of them had long bone fracture, one had multiple rib

Tables 2. Summary of patients with Elizabethkingia meningoseptica infections

Underlying

Length

Previous antibiotic Antibiotic

Case  Age Sex  Diagnosis . Outcome
illness of stay exposure treatment

1 53 M Hemopneumothorax Nil Meropenam, Levofloxacin Death
with septic shock Tigecycline Colistin,

2 30 F Intertrochanteric fracture Nil Cefeperazone sulbactum, Piperazillin/ Death
femur with septic shock Levofloxacin, Tazobactum

Meropenam Colistin,

3 76 F Subtrochanteric fracture HT, Colistin Cefepime- Death
femur with sepsis Type 2 DM tazobactum

4 16 M Head Injury with sepsis Nil Cefeperazone-sulbactum, Ciprofloxacin Survived

Netilmicin
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fractures with hemopneumothorax, and one had head
injury with acute Extra Dural Haematoma (EDH).
Among the four, two of them underwent surgical
procedures for long bone fracture and one underwent
surgical evacuation of EDH. All four patients had
history of a recent hospitalization. At the time of
bacteremia, all four patients were in the ICU and
required mechanical ventilation. All four patients
had a central line at the time of bacteremia. All the
patients received combination therapy with two
or more antibiotics, which included cefeperazone-
sulbactum, meropenem, tigecycline and colistin. Of
the four patients, three died and one recovered. The
clinical features and risk factors of all the patients are
summarized in Table 2. Antimicrobial susceptibility
of all the isolates was performed and the minimum
inhibitory concentration (MICs) of the isolates are
shown in Table 1. All four isolates were resistant to
most of the antibiotics commonly use in the ICUs.
Among the four only one isolate tested was susceptible
to trimethoprim-sulfamethoxozole, ciprofloxacin, and
levofloxacin.

E. meningoseptica is capable of survival in hospital
environments. The source of the organism is most likely
from contaminated water supply (since it survives
chlorine treatment) or from hospital equipment and
other sources such as saline solutions used for flushing
procedures, disinfectants , hands of hospital staffs,
infant formulas etc. (5). The risk factors for infection
by this organism includes diabetes mellitus, steroid
use, malignancies, organ transplantation, neutropenia,
prolonged hospitalisation, prior exposure to multiple
antibiotics, immunocompromised host and chronic
haemodialysis (6). In our study, we observed that
prolonged hospital stay especially in the ICUs, presence
of central venous catheter (CVC), exposure to various
broad spectrum antibiotics, presence of shock and
recent surgery were the major risk factors. A similar
study conducted in Taiwan showed that 60% of the
infection were acquired in the ICUs (7). In our study
too, all four patients were in the ICUs with CVC in
place at the time of development of bacteraemia. One
of the patients had diabetes mellitus as an underlying
risk factor.

Elizabethkingia spp are known to be intrinsically
resistant to tigecycline and polymyxins due to the
production of both class A extended spectrum beta
lactamases (ESBL) and class B metallo-p-lactamases
(MBLs). The MBLs confer resistance to aztreonam and
carbapenems, the latter being the mainstay drugs for the
treatment of multidrug-resistant Gram negative bacteria
(8). A study conducted by Khan ef al. has shown that
previous exposure to Gram negative antibiotic cover is
known to predispose to hospital infections caused by
Elizabethkingia spp. (9). Our study also showed similar
findings where all four patients had received prolonged
gram negative antimicrobial cover in the ICUs.

Infections caused by Elizabethkingia spp. are
very difficult to treat and have a high mortality rate
especially in immunocompromised patients. A study
conducted by Boroda K et al. reported a 28 day
mortality rate of 41% for nosocomial infections and
9.1% for community acquired infections (/0).

We also observed a high mortality, where three
out of four cases had a fatal outcome. Presence of
shock and use of inappropriate antibiotics acted as
independent risk factors for mortality as seen in the
other studies (/7). Delay in the identification of the
organism may lead to treatment failure. Different AST
methods gives varied susceptibility results, further
complicating its management. The disc diffusion
methods are considered to be unreliable and broth micro
dilution is the preferred method. There are no standard
guidelines for empiric treatment of E. meningoseptica
infection and most authors suggest using antimicrobial
agents based on the minimal inhibitory concentration
results from properly performed susceptibility tests (12).

To conclude, Elizabethkingia meningoseptica is
an emerging pathogen in trauma victims who undergo
various surgical procedures. It is essential to keep a
high index of suspicion for this infection since failure
to start the appropriate antibiotic therapy may lead to
a fatal outcome. In the hospital setting, strict contact
isolation should be implemented to prevent colonisation
of individuals and outbreak.
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Summary

Chylous ascites is an uncommon entity and infectious etiology is the most common cause in
developing countries. However, recently, whether there is any change in trend of etiologies in
developing countries is not known. In this study, a retrospective analysis of the data of cases
of atraumatic chylous ascites was conducted. Twelve patients of atraumatic chylous ascites
with a mean age of 35 years were studied and 6 of them were males. The mean duration of
symptoms was 9.6 months and the clinical presentation was abdominal distension (12 cases),
pain abdomen (10 cases), loss of appetite and weight (9 cases), peripheral lymphadenopathy
(4 cases) and fever (3 cases). Etiologies were tuberculosis (3 cases), malignancy (2 cases),
radiotherapy related (2 cases), pancreatitis related (2 cases), lymphatic malformation (2
cases) and multifactorial (1 case). Eight improved with conservative measures, 2 were lost to
follow up and 2 died. Our outcomes found infectious etiology still as the most common cause
of atraumatic chylous ascites. Benign treatable causes could be managed successfully with
conservative measures while malignant etiology had a poor prognosis. Underlying etiology
determines the outcome in atraumatic chylous ascites.

Keywords: Ascites, chylous, tuberculosis, lymphatic malformation, lymphoscintigraphy

1. Introduction

Chylous ascites, an uncommon entity, is characterized
by presence of milky peritoneal fluid abundant in
triglycerides, nutrients and immunoglobulins resulting
from congenital or acquired abnormalities of abdominal
lymphatics. Although various etiologies have been
described that result in this clinical entity, v.i.z,
malignancy, infection, abdominal surgery, trauma,
cirrhosis among others, the condition is uncommon and
chylous ascites accounts for a very small number of
overall ascites cases and as per published literature the
current incidence is 1 case per 20,000 admissions (/).
Traditionally it has been taught that the most common
etiologies for atraumatic chylous ascites in developed
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countries are malignancy and cirrhosis and that in
developing countries it is due to infectious etiologies like
tuberculosis and filariasis (/). The data for atraumatic
chylous ascites is scant as can be seen from a systematic
review, which reported that only 21% of the studies in
their literature search reported on atraumatic chylous
ascites (2). Also the data of atraumatic chylous ascites
from India is scarce and we do not know whether the
trend of etiologies remains the same or has changed in
developing countries like India.

Here, we report our experience with patients who
presented with atraumatic chylous ascites from North
India and report about underlying causes, clinical
presentation and outcomes in these patients.

2. Patients and Methods

This is a retrospective analysis of our prospectively
maintained database of patients who presented with
chylous ascites over a period of 3 years from 2014 to
2017. We evaluated clinical presentation, etiologies,
treatment modalities used and the outcome. The
diagnosis was suspected in patients who had milky
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hue of the fluid and this was tested for triglyceride
level. The cut off triglyceride value to label the case as
chylous ascites was taken > 110 mg/dL. We present our
experience of these patients who had chylous ascites.

3. Results and Discussion
3.1. Clinical presentation

Over a period of 3 years, 12 patients who presented with
chylous ascites were seen (Table 1). The mean age was
35 years (range 15-72) and 6 (50%) were males. The
mean duration of symptoms was 9.6 months (range 0.5-
84 months). The presenting complaints in decreasing
order were abdominal distension in 12 cases (100%),
pain abdomen in 10 cases (83.3%), loss of weight and
appetite in 9 cases (75%), peripheral lymphadenopathy
in 4 cases (33.3%) and fever in 3 cases (25%) patients.
The mean triglyceride value was 507 mg/dL (range 130-
1,600 mg/dL).

3.2. Etiologies
3.2.1. Tuberculosis

Three patients had tuberculosis as the etiology of
chylous ascites. All 3 were young females aged between
25-26 years and presented with 2-6 months history of
abdominal distension along with loss of appetite and
weight and fever. While one of them, a 25-year-old, had
history of genitourinary tract tuberculosis and was a
defaulter and her ascitic fluid examination showed milky
fluid with triglycerides of 1,600 mg/dL with low serum

Table 1. Summary of the cases of atraumatic chylous ascites

ascites albumin gradient (SAAG) of 0.5 and high ADA
of 45 TU/L. She had peripheral lymphadenopathy and
the FNAC from retroperitoneal lymph nodes showed
granulomatous inflammation with AFB stain positive
and also was GenXpert positive for tuberculosis.
She was started on standard 4 drug antitubercular
therapy (ATT) along with octreotide and medial chain
triglyceride (MCT) based diet and at 6 months of
follow up she had gained weight and the ascites had
disappeared.

Another 25-year-old female had a ascitic fluid
triglyceride of 323 mg/dL with low SAAG of 0.3 and ADA
of 18 TU/L. She too had peripheral lymphadenopathy, and
chest x ray showed military shadows and abdominal CT
scan showed gross ascites with omental nodularity with
a sheet like lymph nodal mass encasing the inferior vena
cava with calcification. The FNAC from this lymph nodal
mass showed granulomatous inflammation with AFB stain
positive. She was started on standard 4 drug ATT with
MCT, however, subsequently she died of ATT induced
liver failure.

The third patient a 25 year old female presented with
above the complaints and ascitic fluid triglyceride was
400 mg/dL with low SAAG of 0.2 and high ADA of
74 TU/L. Her abdominal CT scan showed gross ascites
with multiple mesenteric lymph nodes. She had cervical
lymphadenopathy and its FNAC showed granulomatous
inflammation and AFB stain was positive. She was
started on standard 4 drug ATT with MCT based diet
and after completion of 6 months of ATT and a further
5 months follow up is doing fine with disappearance
of ascites and weight gain. All 3 patients were HIV
negative.

Characteristics Summary

Age mean (range) 35 years (15-72)

Males 6 cases

Mean duration of symptoms

Clinical presentation

9.6 months (range 0.5-84)

Abdominal distension: 12 cases (100%)

Pain abdomen: 10 cases (83.3%)
Loss of weight and appetite: 9 cases (75%)
Peripheral lymphadenopathy: 4 cases (33.3%)

Fever: 3 cases (25%)

Mean triglyceride value

507 mg/dL (range 130-1600)

Lymphatic malformation (Milroy disease and primary intestinal lympangiectasia): 2 cases

Etiologies Tuberculosis: 3 cases
Malignancy: 2 cases
Radiotherapy related: 2 cases
Pancreatitis related: 2 cases
Multifactorial: 1 case
Outcome

Died: 2 cases

Improved with conservative measures: 8
Lost to follow up: 2 cases
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3.2.2. Malignancy

Two patients had malignancy associated chylous
ascites. A 72-year-old female with history of diabetes
mellitus and coronary artery disease presented with a
1 % year history of loss of weight of around 25 kg and
abdominal pain and distension for 2 weeks. The CECT
abdomen showed a 1.2 x 1.3 ¢cm hypodense lesion in
the body of pancreas with multiple hypodense lesions
in both lobes of liver with gross ascites. The ascitic
fluid triglyceride was 130 mg/dL with high SAAG of
2.0, however, the malignant cytology was negative.
The FNAC from the pancreatic lesion showed features
of adenocarcinoma. She was discharged on MCT
based diet and asked to follow under the department of
radiotherapy, but was lost to follow up.

The second patient was a 16-year-old male
who presented with 3 months history of abdominal
distension, generalized weakness and weight loss of 10
kg. The ascitic fluid triglycerides were 241 mg/dL and
ascitic fluid malignant cytology was positive. He also
complained of nausea and postprandial vomiting. We did
an esophagogastroduodenoscopy that revealed thickened
gastric fold to the extent that the scope was not negotiable
beyond the antrum (Figure 1). The histopathology from
the stomach biopsy showed poorly differentiated signet
ring cell carcinoma. We advised MCT based diet and
explained the prognosis of this metastatic disease to the
family after which they took discharge and were lost to
follow up.

3.2.3. Radiation induced

Two patients developed radiation induced chylous
ascites. A 40-year-old female who was a known case of
carcinoma of the cervix had received chemo radiotherapy
for the disease. After completion of her radiotherapy
cycles she was asymptomatic for 4 months after which

she noticed gradually progressive abdominal distension
over a period of 6 months. Her ultrasound abdomen
showed gross ascites with fluid triglyceride of 600 mg/
dL, however, the malignant cytology was three times
negative. She was started on MCT based diet with
octreotide and improved with it.

Another patient a 39-year-old male had unresectable
carcinoma of the esophagus for which he received
radiotherapy, however, later developed constrictive
pericarditis and then presented with abdominal
distension and had gross ascites with fluid triglyceride
of 512 mg/dL. He was started on MCT based diet, but
developed recurrence of the primary malignancy and
later on succumbed to it.

3.2.4. Pancreatitis related

A 15-year-old male presented with abdominal pain
for 3 months and distension for 1 month. His Serum
amylase was 1,160 U/L and CT scan revealed dilated
main pancreatic duct (MPD) with gross ascites. Ascitic
fluid was milky with triglyceride of 281 mg/dL and
amylase of 7,000 U/L. All etiologic work up for chronic
pancreatic disease was negative so the case was labeled
as idiopathic chronic pancreatitis with pancreatic
chylous ascites and was started on MCT based diet
and octreotide, however ascites persisted so the patient
was taken up for ERCP which revealed hugely dilated,
tortuous MPD with contrast extravasation at the head
region of pancreas and a 5 F stent was placed across the
disruption. Patient showed clinical improvement and 4
weeks later a repeat CT scan revealed disappearance of
ascites with stent in situ.

Another patient a 35-year-old chronic alcoholic male
presented with abdominal pain and distension over 15
days and CT scan revealed non-enhancing pancreas with
gross ascites. The Fluid appeared milky with triglyceride
of 220 mg/dL and amylase of 19,950 U/L. The patient

Figure 1 showing unhealthy edematous gastric folds with
narrowing in the antral region with a food bolus.

Figure 2 showing granular edematous mucosal surface of
duodenum with scattered whitish specs throughout the
duodenum.
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was febrile with total leucocyte count of 23,600/dL so
was started on antibiotics and pigtail drainage was done
and was started on MCT based diet with octreotide and
improved with the above measures.

3.2.5. Lymphatic malformation

A 34-year-old male with prolonged history of bipedal
edema over 10 years presented with gradually progressive
abdominal distension over 2 months. The fluid triglyceride
was 206 mg/dL and MR lymphangiogram revealed
lymphatic channels absent above the ankle suggestive of
Milroy's disease. Patient was started on MCT based diet
and improved gradually with disappearance of ascites in 2
months.

Another patient a 42-year-old male with history
of diarrhea with malabsorption over 7 years presented
with abdominal distension over 3 months. Ascitic fluid
had low SAAG of 0.6 and triglyceride of 560 mg/dL
and esophagogastroduodenoscopy revealed a granular
edematous mucosal surface of duodenum with scattered
whitish specs throughout the duodenum (Figure 2). The
biopsy was suggestive of lymphangiectasia. Patient was
started on MCT based diet and improved.

3.2.6. Multifactorial

A 51-year-old female with previous co morbidities in
the form of hypertension and hypothyroidism presented
with progressive abdominal distension over 2 months.
Four years back she was diagnosed as a case of chronic
pancreatitis and had developed a symptomatic large
pseudocyst that required cystogastrostomy and also
had extrahepatic cholestasis due to common bile duct
stricture resulting from chronic pancreatitis and had
undergone choledochojejunostomy. This time along
with abdominal distension she had pedal edema,
pallor with hemoglobin of 8.2 gm % and deranged
renal function with creatinine of 6.2 mg/dL and 24-
hour urine protein of 7 gm. Her ultrasound abdomen
revealed a shrunken liver with irregular outline and
raised echotexture and esophagogastroduodenoscopy
revealed portal hypertensive gastropathy. Her ANA
titer was 1:80 and SMA titer 1:40. All other work up
for etiology of chronic liver disease was negative.
Ascitic fluid showed low SAAG 0.2 with triglycerides
of 1,010 mg/dL and the renal biopsy showed features
suggestive of membranous lupus nephritis. The etiology
of chylous ascites was thought to be multifactorial with
contributions from cirrhosis and lupus and she was
started on steroids with octreotide, MCT based diet and
diuretics and improved dramatically with disappearance
of ascites and improvement of renal function.

3.2.7. Discussion

Our series is a compilation of cases of atraumatic

chylous ascites seen in the medical gastroenterology
unit from 2014 till 2017. In our series infection due to
tuberculosis was the most common etiology suggesting
that the trend still has not changed and the traditional
teaching that malignancy and cirrhosis are the causes of
atraumatic chylous ascites in developed and infection
due to tuberculosis/filariasis in developing countries
still remains the same (/). Our study highlights the fact
that a benign treatable etiology for atraumatic chylous
ascites has good prognosis with most recovering with
conservative measures along with treatment of the
underlying etiology, however, malignancy will have a
poor prognosis as 1 of the 3 patients with malignancy
died (one who had constrictive pericarditis due to
radiotherapy ultimately died due to recurrence of the
primary esophageal malignancy) and the other 2 patients
who also had a disseminated malignancy were lost to
follow up but the prognosis in such a situation is expected
to be adverse. Two of our patients had lymphatic
malformation (Milroy disease and primary intestinal
lymphangiectasia) and both of them had resolution of the
chylous ascites with conservative measures suggesting
a good prognosis. In lymphatic malformations where
conservative measures fail one can get a pre-operative
lymphoscintigraphy which can show back flow and/or
a lymphangiography that can clearly show dysplastic
areas and sites of lymphatic leaks. Presence of localized
abdominal dysplasia, lymphatic blocks, evidence of
back flows, ectatic lymphatic vessels and tissue areas
and lymphangiomatosis can be dealt with surgery. The
lymphangiectasias and lymphangiomatosis are sclerosed
with polidocanol and then are surgically debulked. The
incompetent lymph vessels can be surgically ligated in a
"stair like" manner. The ectatic vessels with low degree
of dilatation can be welded with the help of a CO, laser.
In presence of proper chylous and lymphatic vessels,
Chylovenous or lymphovenous microsurgical shunts can
be performed in iliac or mesenteric areas (3).

None of our patients required surgery as most of our
patients had benign treatable causes and all resolved
with conservative therapy. The role of surgery comes
when we have refractory chylous ascites not responding
to the conservative measure in the form of low fat, high
protein, medium chain triglyceride based diet with or
without somatostatin or octreotide and diuretics and in
some cases total parenteral nutrition in which case a
pre-operative or intra operative lymphangiogram helps
to localize the leak and then a fistula closure or bowel
resection can be done (4). Where intervention radiology
facilities with expertise in lymphangiography and
embolization are available the need for surgery can be
circumvented with good results, however, sometimes
the conventional lymphangiography may not pick
up the leak in such cases an MR lymphangiogram
and recently balloon occluded retrograde abdominal
lymphangiography and embolization have been found
useful (5,6). The peritoneovenous shunt has been
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abandoned due to high rate of shunt block with repeated
replacement and also serious complications (7).

To conclude infective causes still lead the list of
etiology of atraumatic chylous ascites in developing
countries like India. A benign treatable cause in a
majority of cases recovers with conservative measures
with dietary modification with or without octreotide/
somatostatin and diuretics and treating the underlying
cause while malignancy portends a poor prognosis.
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Is it always cancer? A curious case of benign intracranial
hypertension in chronic myeloid leukemia
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Summary 28-year-old African American female with chronic myeloid leukemia (CML) presented
with blurry vision for 4-5 days prior to presentation associated with right-sided headaches.
Patient was on treatment for the CML but never had hematological remission. Patient
saw an ophthalmologist who told her that she has bilateral optic disc swelling and advised
her to get an MRI of the brain. She came to the ER due to worsening headache and
blurry vision. The funduscopic examination showed significant bilateral papilledema.
Laboratory evaluation revealed a leukocytosis of 240 x 10°/uL with platelet count of 1,202
x 10°. The white cell differential count showed 17% blasts along with myelocytes and
meta-myelocytes. MRI of brain revealed non-specific CSF flair signal. Lumbar puncture
(LP) showed significantly elevated opening pressures. The CSF composition was however
normal. The patient felt much relief of her symptoms following the LP. The papilledema
was thought to be due to benign intracranial hypertension (ICH), which was attributed to
poor CSF absorption due to resistance to flow of CSF caused by the high WBC count. She
received 2 cycles of leukopheresis which dropped her WBC count. She was also started on
acetazolamide for the benign ICH and her symptoms improved considerably. Patients with
CML can thus present with symptoms mimicking CNS involvement of the disease such as
headaches and blurry vision, but that could be attributed to the poor CSF resorption given
the leukocytosis rather than spread of the disease itself.

Keywords: Intracranial hypertension, chronic myeloid leukemia, papilledema

1. Introduction

Chronic myeloid leukemia (CML) is a myeloproliferative
disorder characterized by overproduction of myeloid
cells. CML accounts for approximately 15 to 20
percent of leukemias in adults (/). The median age at
presentation is 50 years of age. It commonly presents in
3 different clinical courses — chronic phase, accelerated
phase and blast crisis. CML in blast crisis has been
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shown to have a propensity for CNS involvement (2).
This can cause seeding of the leukemic cells in the CNS
especially with high WBC counts at presentation (3).

We present an interesting case of a young African
American lady with CML who presented with blurry
vision and headaches. She was found to have bilateral
optic disc edema secondary to increased intracranial
pressure.

2. Case Report

28-year-old African American female with history of
CML presented to JFK Medical Center in November
2017 with symptoms of blurred vision for 4-5 days
prior to presentation. Patient states the blurry vision
started insidiously and is worse in the right eye. It
gets worse with movement of her head. The blurry
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Figure 1 showing left (A) and right (B) optic disc edema visualized on the fundoscopic examination.

vision is associated with right sided headaches in the
frontal, temporal and occipital region which have
also been ongoing for 3-4 days prior to presentation.
The headaches were described as continuous, sharp
and relieved by OTC analgesics. The patient saw an
ophthalmologist 2 days prior to presentation due to the
blurry vision. She was told to get an MRI as there was
bilateral optic disc edema visualized on the fundoscopic
examination (Figure 1). Patient, however, was not able
to have the MRI done until the time of presentation.

The patient was diagnosed with CML in chronic
phase back in 2014. Since then she has received
multiple lines of therapy including Imatinib, Dasatinib
and Nilotinib. However, she never reached a durable
hematologic remission. More recently she was started
on Bosutinib.

At the time of arrival, patient was in mild to
moderate distress due to the headaches. She was
afebrile, with HR 92 and regular, BP- 138/68 mmHg
and saturating well at 98% on room air. The physical
examination was consistent with bilateral papilledema.
Her head and neck examination was within normal
limits, visual fields and remainder of neurologic exam
was intact.

Her laboratory evaluation revealed white cell count of
240 x 10°. The differential count showed 7% myelocytes,
12% meta-myelocytes and 17% blast cells. Her Hb was
8.7 g/dL and platelet count was 1,202 x 10°. MRI of the
brain showed non-specific abnormal specific CSF flair
which was questionable for early signs of meningitis.
This was followed by a lumbar puncture which showed
clear, colorless fluid with 0 white cells and 0 red blood
cells. The CSF analysis also showed normal protein and
glucose. The lumbar puncture was remarkably significant
for an elevated opening pressure of 65 cm H,O. The
patient felt much improvement of symptoms of
headache and blurry vision after the lumbar puncture.
MRA did not show any abnormality in the flow rate of

venous filling of the dural sinuses. MRI did not show
enlarged ventricles and the patient had no clinical
signs or symptoms of meningitis which was suspected
on the imaging. After multidisciplinary discussion
between Neurology, Oncology and the primary team,
the decision was made to start Acetazolamide to treat
for elevated intracranial hypertension. Leukopheresis
was initiated as well to reduce the white cell count.
She received 2 cycles of leukopheresis and her white
cell count steadily dropped to 27 x 10°. Her symptoms
of blurred vision and headaches also considerably
improved. Patient was discharged on acetazolamide
and Bosutinib. One month later she had a follow-up
with Neurology and Oncology and no recurrence of her
symptoms at that time.

3. Discussion

CML is a myeloproliferative neoplasm characterized by
the uncontrolled proliferation of mature and maturing
granulocytes. CML is associated with the fusion of
two genes: BCR (on chromosome 22) and ABL1 (on
chromosome 9) resulting in the BCR-ABL1 fusion
gene. This abnormal fusion typically results from
a reciprocal translocation between chromosomes
9 and 22, t (9;22) (q34; ql1), that gives rise to an
abnormal chromosome 22 called the Philadelphia (Ph)
chromosome. If untreated, CML can progress from a
chronic phase to an accelerated phase and then a blast
CTisis.

Blast phase of CML is defined by more than 20%
blasts in the blood/bone marrow or 5-10% blasts in the
extramedullary sites (3). Lymph nodes, skin and soft
tissues, bone, gastrointestinal and genitourinary tract
are the most common sites of extramedullary blast
crises. CNS involvement by extramedullary crises is
rare and involves systemic involvement.(3,4) Also,
CNS involvement is commonly seen in patients who are
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treated with Imatinib for several months. This is because
the drug is shown to have poor penetration into the CNS
and allows leukemic infiltration (4).

However, in CNS leukemia the CSF will show
evidence of increased WBC count as well as blasts which
is not the case in our patient. The MRI of our patient
did show some non-specific CSF flair but the CSF had
0 WBC count, which makes CNS infiltration by the
leukemia very unlikely. The most significant physical
examination finding in our patient was the bilateral optic
disc edema seen on funduscopic evaluation.

Optic disc swelling in leukemia may be due to
either direct leukemic infiltration of the optic nerve or
papilledema secondary to raised intracranial pressure
(ICP). Direct leukemic infiltration however is more
common in acute leukemias and the presentation is
usually asymmetric or unilateral (5,6). The appearance
of the disc is also very different in direct infiltration
as compared to papilledema. The disc is more opaque
and asymmetrically placed. Also, reducing the ICP
should reduce the papilledema, but will not affect the
disc appearance in direct leukemic infiltration. In our
patient, the optic discs were bilaterally edematous
and symmetrically enlarged. This also makes direct
involvement of the CML through infiltration of the optic
nerve very less likely.

Although it is possible to have CNS leukemia
without detection of leukemic cells in the CSF fluid, it
is extremely unlikely that our patient's presentation was
as a result of that. We believe that the bilateral optic disc
swelling was secondary to papilledema. This is consistent
with the initial CSF opening pressure of 65 cm H20 with
subsequent clinical course of reduction in papilledema
with the reduction in ICP. The mechanism of raised
ICP is most likely from obstruction to CSF outflow (7).
The obstruction to CSF flow could be seen as a result
of direct meningeal infiltration in CNS leukemia, with
cells proliferating in the arachnoid space. However,
the patient had no signs of a CNS leukemia on MRI or
lumbar puncture. A patient with raised ICP and normal
CSF composition and neuro-imaging, by definition, has
benign intracranial hypertension. Thrombosis of the
dural venous sinuses could result in raised ICP, however
our patient’s MRA showed no signs of thrombosis (8).

We therefore postulate that the increase in ICP was
due to poor absorption of CSF into the patent sinuses.
This is due to increased resistance to outflow secondary
to the very high WBC count (9). Borgesen et al. have
shown that there is a linear relationship between
resistance to CSF outflow and ICP (/0). Increased white
count causes increased viscosity which in turn can
lead to an increased resistance to flow of CSF from the
arachnoid villi into the sinuses. The rapid resolution of
papilledema with reduction of ICP after lumbar puncture

also favors this hypothesis.

Additionally, the patient benefited from leukopheresis
and her WBC count dropped considerably after two
rounds of treatment. Leukopheresis is known to be
an effective treatment modality, especially in cases of
hyperviscosity syndrome in patients with CML and is
able to achieve rapid cytoreduction (/7).

4. Conclusion

Papilledema in a patient with leukemia with normal
CSF and neuro-imaging is most likely due to benign
intracranial hypertension. The most likely pathogenesis
of the elevated ICP in such cases is that the elevated
white cell count in leukemia causes hyperviscosity
which decreases the absorption of CSF from the
arachnoid villi. This results in increased intracranial
pressures. It is significantly improved after reducing the
ICP by lumbar puncture.
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breast pain following cancer surgery: Management and review of
the literature
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Summary

Traumatic neuroma of the breast after cancer surgery is a very rare clinical entity with
only a few cases having been reported to date. We herein present a very rare case of
traumatic breast neuroma in a postmenopausal patient with a history of breast-conserving
surgery, who presented with a four-month history of intractable neuropathic breast pain.
Diagnostic evaluation and management are discussed along with a review of the literature.
Traumatic breast neuromas are very rare benign lesions that have been reported mainly after
mastectomy. Our literature review yielded only 35 cases of traumatic breast neuromas in
28 patients, reported so far. Although imaging features may be indicative of a benign lesion,
surgical excision is necessary to obtain a definitive diagnosis and to rule out a recurrent
breast cancer. Conservative treatment is feasible in properly selected cases with asymptomatic
neuromas after an accurate tissue sampling. The case presented herein underlines the
necessity to consider traumatic neuroma in the differential diagnosis in patients with a
history of breast surgery presenting with refractory neuropathic breast pain. A high index
of suspicion is required because the lesion may be too small and can be missed on imaging
investigations.

Keywords: Neuroma, breast, traumatic, neuropathic, pain

1. Introduction

Traumatic neuroma (TN) is a nonneoplastic reactive
proliferation of the proximal end of a partially transected
or severed nerve as a result of trauma or surgery (/,2).
It is a disorganized tangled mass of axons, Schwann
cells and perineural fibroblasts that is formed as a result
of a failed attempt to reestablish axonal continuity
following disruption of neuronal axons (3). Although
TN is a well-established finding in patients who have
undergone amputation (4), it, however, may occur
in almost any anatomical site of the body and may
resemble a peripheral nerve sheath tumor on imaging (5).
Histologically, TN is characterized by a nonencapsulated,
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disordered proliferation of small nerve fascicles,
composed of axons, Schwann cells, endoneurial and
perineurial cells, embedded in dense fibrous stroma
(6,7). TN may produce severe refractory neuropathic
pain, functional impairment, and phycological distress
thus decreasing the quality of life (8,9). TN of the
breast following cancer surgery is a very rare clinical
entity with only a few cases reported in the literature
so far. We herein present a very rare case of traumatic
breast neuroma in a postmenopausal patient with a
history of breast-conserving cancer surgery followed by
radiotherapy, who presented with a four-month history
of severe neuropathic refractory breast pain. Diagnostic
evaluation and management are discussed along with a
review of the literature.

2. Case Report

A 65-year old woman presented with a four-month
history of left breast pain. She stated that the pain was
severe and constant, with paroxysms of burning and
electrical shock-like sensations, was exacerbated with
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Figure 1. Specimen radiography showing clustered
microcalcifications (arrow), along with a small area of
architectural distortion (star).

pressure and was refractory to analgesics.

Her medical history was significant for a breast-
conserving surgery, due to a ductal carcinoma in situ
(DCIS) two years ago, followed by adjuvant radiation
therapy and hormonal treatment with tamoxifen.

Clinical examination revealed severe left breast
tenderness that was exacerbating with pressure
over the area of the surgical scar. The mammogram
revealed clustered microcalcifications in the area of
the previously resected DCIS, along with a small
area of architectural distortion. Ultrasonography was
unremarkable.

In order to exclude the possibility of a recurrent
DCIS a complete surgical excision of the mammographic
lesions after wire localization was performed. Specimen
radiography confirmed that the mammographic lesions
were entirely removed (Figure 1). Immediately after
surgery, the patient experienced complete pain relief.

The histopathological findings were consistent
with fat necrosis and confluent microcalcifications.
In addition, a small eosinophilic tumor measuring
0.2 cm was detected in the area of the architectural
distortion. The tumor consisted of haphazardly arranged,
eosinophilic cells with oval to spindle nuclei, without
atypia, necrosis or mitosis. The periphery of the nodule
was composed of perineural cells, while the inside
consisted of proliferated Schwann cells (Figure 2). No
evidence of malignancy was noted. The histological
findings, in correlation with the clinical history and
the complete relief of the breast pain immediately after
surgery, indicated the diagnosis of traumatic breast
neuroma.

The patient is completely asymptomatic, without

Figure 2. Histopathological findings of traumatic breast
neuroma. (A) The tumor consists of haphazardly arranged,
eosinophilic cells with oval to spindle nuclei, without atypia,
necrosis or mitosis. (Hematoxylin and Eosin x400); (B)
Tangles of small and medium, well circumscribed nerve fiber
bundles, that do not invade the surrounding fibroadiposal
tissue.(Hematoxylin and Eosin x100); (C) High power
photomicrograph, of eosinophilic cells, with bubbly cytoplasm,
bland, oval to spindle nuclei, without significant atypia. The
periphery of the nodule is composed of perineural cells, while
the inside consists of proliferated Swann cells. (Hematoxylin
and Eosin x400).

any suspicious mammographic findings four years after
surgery.

3. Discussion

TN is not a true tumor but a reactive proliferation of
nerve tissue of the proximal end of a severed nerve in
an unsuccessful attempt to reestablish axonal continuity
(7). TNs are divided into two major categories: spindle
neuromas that are focal swellings caused by chronic
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irritation to an injured but non severed nerve and
terminal neuromas that have a bulbous-end morphology
as a result of a partial disruption or total transection of
the nerve as a result of surgery (5,7,10).

The exact pathogenesis of TN has not been
clearly defined. Foltan et al. (11), suggested that the
development of a TN may be divided into five phases
and caused by simultaneous regeneration of nerve fibers
and excessive fibrous tissue proliferation which results
in contraction of nerve fibers within the scar tissue and
the establishment of a chronic defensive proliferation
process involving nerve fibers and scar fibrous tissue.

TN may develop 1-12 months after transection or
injury secondary to a variety of surgical procedures such
as radical neck dissections, abdominal surgery, limb
amputations, orthognathic surgery, parotidectomy and
tooth extractions (//). TN most commonly occurs in
the lower extremities followed by head and neck, radial
nerve and brachial plexus (7). In an early study by Tapas
et al. (12), involving 67 cancer patients with TN the
most frequently reported sites were radically dissected
necks followed by upper and lower extremities.

TN typically presents as a firm, slowly growing
painful or tender nodule not larger than 2 cm (3,11).
Pain may be evoked by palpation or tapping over the
lesion (Tinel sign) and may be associated with burning,
stabbing or gnawing sensations (7,9).

Postoperative breast pain is a frequent issue
reported in up to 60% of patients undergoing breast
surgery (/3-15) and may interfere with sexual activity,
exercise, social activity and employment (/3). Severe
postoperative pain persists for 1 month and for 6-12
months in 25% and 10% of the breast surgery patients
respectively (/4).

Chronic post mastectomy pain is a chronic pain
affecting the anterior chest wall, axilla and the upper
half of the arm that begins after mastectomy or
quadrantectomy and persists for more than three months
after surgery (/6). Although its exact pathogenesis is
unclear, it is however believed, that an injury of the
intercostobrachial nerve is the most common cause.
The most common distribution of pain is the axilla and
the arm (20-60%) followed by pain in the surgical scar
(23-49%) (16). Pain can be experienced as a burning
sensation or tenderness with paroxysms of lancinating
shock-like pain, is exacerbated by pressure or movement
and may be associated with discomfort or paresthesia
(16). Neuromas trapped in the scar tissue may cause
chronic neuropathic pain (15).

Jung et al. (8), classified chronic neuropathic pain
following breast surgery into four categories: I phantom
breast pain, Il intercostobrachial neuralgia as a result
of injury to the intercostobrachial nerve, associated
with sensory changes in the distribution of the
intercostobrachial nerve, III neuroma pain in the region
of scar of the breast that is provoked or exacerbated by
percussion, and IV other nerve injury pain secondary

to injury to medial or lateral pectoral, long thoracic or
thoracodorsal nerves. Neuroma pain has been more
frequently encountered following lumpectomy plus
radiotherapy than mastectomy (8).

In a retrospective review of 57 patients with
postsurgical chronic breast pain Ducic et al. (13),
described five zones of nerve injury. The lateral zone
was the most commonly injured area (79%) followed
by inferior (10.5%), medial (5%), central (3.5%) and
superior (2%) zones.

Traumatic neuroma of the breast (TBN) following
cancer surgery is a very rare clinical entity (/8,21).
The first case was reported in 2000 (/7). Our literature
review yielded only 35 TBNs in 28 patients reported so
far (1,2,4,6,10,14-24) (Table 1).

In a retrospective review Al Sharif et al. (6), reported
a 0.09% incidence of TBN among 9,293 ultrasound-
guided breast biopsies performed over a 10 year period.
TBN can occur either after mastectomy or lumpectomy
(8) and may develop 2-22 years after surgery (6).

Clinically TBN may present as a palpable mass
or may be identified incidentally (7,6,10). It is most
commonly encountered in the upper outer quadrant of
the breast (6,70). Although in some cases the mass is
painless (/8,21), however, persistent chronic pain has
been reported (/9,24). In all six cases presented by Sung
et al. (10), the TBN was located within the pectoralis
major muscle near the mastectomy scar. TBN may be
occult on mammogram (6, 18).

On ultrasonography, TBN may appear as a
homogenous well circumscribed hypoechoic mass with
no internal vascular flow on color Doppler imaging
(6,18,20,21). In some cases, however, TBN may appear
as an irregularly shaped mass with indistinct margins
and nonparallel orientation (/0,23). A tail sign on
ultrasonography has been reported in 50% of the cases
reported by Al Sharif et al. (6). In the same study, 40%
of the cases were occult on MRI evaluation. The most
common MRI finding in the remaining cases was an
isointense foci on T1 weighted images with a benign
type I enhancement curve (2). On positron emission
tomography (PET) computed tomography (CT) scan
no fluorodeoxyglucose (FDG) focal uptake of TBN has
been reported (10,20).

TBN should always be distinguished from recurrent
breast cancer (2/,23). Clinically, the location of TBN
in the pectoral muscle layer may be helpful in the
differential diagnosis, since a recurrent breast cancer
is most commonly detected in the subcutaneous fat
layer of the chest wall (/0,20). The definitive diagnosis
of TBN is, however, obtained by histopathological
evaluation (/,4,18,21,23).

Treatment approaches for TBN include conservative
management or surgery. The conservative approach,
which has been reported to be successful in 50% of the
cases, includes injection of a long-acting local anesthetic,
corticosteroids, anti-inflammatory and antidepressant
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medications, opioids, acupuncture, physical therapy and
electrical stimulation (2,6,7,9,16,18,24).

An image-guided percutaneous biopsy is the
standard of care for TBN (2,4,6,19). The procedure
may be associated with severe pain despite generous
local anesthesia (6). If a correct diagnosis is established,
there is no need for further treatment, unless the TBN
is painful (/8). Sonographic surveillance is, however,
indicated (2,6). Fine needle aspiration (FNA) cytology of
TBN may be inconclusive (2,4,17).

Surgical treatment should be considered in cases not
responding to conservative management presenting with
chronic neuropathic pain (9,78,24). Surgical treatment
includes resection of the neuroma, neurorrhaphy, and
implantation of the nerve stump into adjacent muscles
(6,9) and can result in complete pain relief (24), as in our
case.

Long-standing traumatic neuromas may undergo
osseous metaplasia (/9), or granular cell changes thus
constituting a granular cell traumatic neuroma (/7). The
latter should be differentiated from malignant tumors
such as apocrine carcinoma and alveolar soft part
sarcoma. Kos et al. (3), reported a malignant peripheral
nerve sheath tumor that arose within a long-standing
traumatic neuroma.

In our case, similarly to the cases reported in the
literature the neuroma was detected in the area of the
surgical scar. The lesion was diagnosed 20 months after
the primary surgery, while the reported cases have been
reported to occur 24 months to 22 years after surgery.
The size of the neuroma in our case was too small and
was not detected on ultrasonography but was only seen
as a small architectural distortion on mammography.
Another different aspect in our case was the fact that the
lesion was non palpable and provoked neuropathic breast
pain refractory to analgesics, while in the literature most
neuromas refer to palpable and painless nodules (/8,27).
In addition, a characteristic feature in our case was that
our patient experienced complete relief of the breast pain
immediately after surgery.

In conclusion, traumatic neuroma after breast cancer
surgery is a very rare clinical entity with only a few
cases reported in the literature so far. It should always
be considered as a potential diagnosis in patients with a
history of breast cancer surgery presenting with refractory
neuropathic breast pain. Although the imaging features
may be suggestive of a benign lesion, surgical excision is
necessary to obtain a definitive diagnosis and to exclude
a recurrent breast cancer. Conservative treatment is
feasible in properly selected cases with asymptomatic
neuromas after an accurate tissue sampling.
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Summary

We report on Gomez-Lopez-Hernandez syndrome (GLHS) in a Caucasian patient,
Georgian, 36 months, male, only child born to non-consanguineous parents. There
were no similar cases in the family and among close relatives. MRI study confirmed
rhombencephalosynapsis (fusion of cerebellar hemispheres in combination with the
agenesis of cerebellar vermis) and mild dilation of the lateral ventricles. Other main
findings are bilateral parieto-temporal alopecia and brachiturricephaly (broad skull shape
and tower-like elongation of the cranium in the vertical axis), low-set posteriorly retracted
ears, strabismus (in the right eye), hypotonia (Beighton scale score — 6) and ataxia (trouble
maintaining balance). Patient has no signs of trigeminal anesthesia, no recurrent, painless
eye infections, corneal opacities and ulcerated wounds on the facial skin and buccal mucosa
were observed. Based on the scientific literature we suggest a finding of brachiturricephaly
in addition to rhombencephalosynapsis and bilateral alopecia sufficient to put a diagnosis
of GLHS. Patient did not speak, disregarded guardians and clinician addressing him, did
not make eye contact, was restless and occasionally displayed aggression and self-injurious
behavior. These symptoms confirm the earlier diagnosis of Autism Spectrum Disorder
(ASD). Therefore, the current study describes a case of co-occurrence of GLHS and ASD.

Keywords: Rhombencephalosynapsis, alopecia, brachiturricephaly, Gomez-Lopez-Hernandez
syndrome, autism

1. Introduction

Gomez-Lopez-Hernandez syndrome (GLHS)
is characterized by so called "GLHS triad" -
rhombencephalosynapsis, trigeminal anesthesia and partial
bilateral alopecia of the scalp. Rhombencephalosynapsis
denotes brain malformation, mainly expressed in
agenesis of cerebellar vermis and fusion of the cerebellar
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hemispheres. Rhombencephalosynapsis is observed
not only in the case of GLHS, but as an isolated
phenomenon as well as in combination with other brain
malformations (/). Symptoms, concomitant to GLHS
triad, are hydrocephalus, craniosynostosis, midfacial
hypoplasia and low set ears, as well as bilateral corneal
opacities, ocular hypertelorism-telecanthus, strabismus,
clinodactyly of fifth fingers, short stature and intellectual
impairment (2-15).

The studies of GLHS are limited in number. To
our knowledge, a total of 36 cases of GLHS have
been described since the first reports of this clinical
condition by Gomez (/2) and Lopez-Hernandez (/4).
Symptomatology of GLHS varies from patient to
patient (2-15) and further case studies are important to
complete the clinical description of this disease.
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2. Case Report

Anamnesis: Patient, J.K. (initials are changed),
male, Georgian, Caucasian, only child born to non-
consanguineous parents. Parents are in good health and
there were no similar cases in the family nor among
close relatives. Parents do not confirm the incidence of
marriage between relatives in their ancestors. J.K. was
delivered via Caesarean section, planed beforehand on
the mother's demand. Weight at birth — 3.360 kg, length
— 52 cm, head circumference - 37 cm. Bilateral parieto-
temporal alopecia and brachiturricephalic dismorphism
as well as low-set ears were observed in the first months
after birth (Figure 1). Congenital mild hydronephrosis,
open foramen ovale and mild deficiency of the tricuspid
valve, as well as strabismus were diagnosed one week
after birth. J.K. was treated for hydronephrosis. Second
examination at the age of 12 months confirmed cessation
of cardiological and nephrological complications. At
the age of three months J.K. was surgically treated for
inguinal hernia. At the age of 5 months, he started to
display involuntary head shaking, mainly in posterior
direction and increased tension of lower shoulder
muscles. EEG examination did not reveal signs of
epileptiform activity. EEG parameters were found to fall
into age standards. Transfontanel ultrasound revealed
dilation of lateral ventricles and longitudinal fissure.
At the age of 32 months, J.K. was diagnosed as having
Autism Spectrum Disorder (ASD). Diagnostic procedure
was performed according to DSM-V criteria and with
the use of ADOS-2 and M-CHAT-R™ as additional
instruments for completing ASD diagnosis.

The current study: In May 2018, at the age of 36
months J.K. was admitted to the clinic. Weight at the
day of admission - 15.300 kg, height - 87 cm and head
circumference 48.2 cm. Patient underwent clinical and
MRI examination. MRI was performed on 3T scanner
(Magnetom Verio, Siemens): T2-(tse), T1-(fl), FLAR,
EPI). Pulse sequences in the axial, sagittal and coronal
plane were used. Motor development, sensitivity of
trigeminal nerve as well as behavior displayed in the
clinic were evaluated.

We did not mention any changes in the clinical status
of J.K. in the follow up study (June-July 2018). Behavior
of J.K. remained unchanged as well.

Parents signed informed consent for publication
of the photographs of J.K. in a scientific periodical.
Study was conducted in accordance with Declaration
of Helsinki principles and has approved by the Ethic
Commission of the Georgian Association of Child
Neurologists and Neurosurgeons, Tbilisi, Georgia. The
results obtained in the current study are summarized in
Table 1.

3. Discussion

Absence of cerebellar vermis and fusion of cerebellar

hemispheres, as well as bilateral scalp alopecia are
described in all 36 cases of GLHS (see for review
2,9). The current study provides one more description
of rombencephalosynapsis and bilateral alopecia
in a GLHS sufferer. This is another argument that
rombencephalosynapsis and bilateral alopecia represent
obligatory symptoms of GLHS. Since it is principal
to decide if the presence of trigeminal anesthesia is
obligatory for GLHS diagnosis, the data of the literature
concerning this issue is summarized in the Table 2.

Authors propose the presence of trigeminal anesthesia
and/or bilateral alopecia to complete the diagnosis of
GLHS (4). Trigeminal anesthesia, however, was not
present in some studies of GLHS. For example, out of
four patients only one was found to display trigeminal
numbness in (7), one patient out of two was diagnosed as
having trigeminal numbness in (3), no signs of trigeminal
anesthesia have been revealed in five patients with
GLHS () and we report on another case of the absence
of trigeminal anesthesia in GLHS.

According to (7) "Rhombencephalosynapsis and
scalp alopecia are considered obligate criteria for
diagnosing GLHS, while trigeminal anesthesia in
conjunction with the two obligate criteria represents
a diagnosis of GLHS and as such should stand
alone as a separate criterion". At the same time,
the finding of brachiturricephaly in addition to
rhombencephalosynapsis and bilateral alopecia is
considered sufficient to make a diagnosis of GLHS
(7). Skull malformation, mainly brachiturricephaly, is
described in most cases of GLHS (see for example 2,7-
9). The current study reports on another case of the
tower-like deformation of the skull of brachiturricephalic
character. In our opinion, taken together, the data suggest
trigeminal anesthesia is not obligatory for diagnosing
GLHS in the case of combined rhombencephalosynapsis,
alopecia and brachiturricephaly.

Malformation of the corpus callosum in GLHS
is an inconsistent finding: dysgenesis of the corpus
callosum in GLHS sufferers is described in (8), thin
corpus callosum was revealed in one case of GLHS (6),
while other studies do not report on abnormality of this
structure in the case of GLHS (4,17). Corpus callosum
in J.K. is of normal size and thickness. Arching of the
truncus of the corpus callosum (see Figure 1) should
be due to the overall cranial and cerebral dismorphism.
The finding of the dilation of the lateral ventricle in
the current study confirms the presence of ventricular
enlargement in GLHS (3). Other brain malformations,
described in GLHS sufferers are absence of the septum
pellucidum and a thin cortex (3), but not observable in
the current study.

As for the law set years, this symptom does not
seem obligatory for GLHS, as it is not apparent in some
patients with GLHS. For example, authors (5) observed
displacement of ears in four out of six patients with
GHLS. Strabismus represents a symptom, concomitant
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Table 1. Symptoms, observed in the clinical and MRI examination

Symptoms observed

Comments

Craniofacial features:
Brachiturricephaly
Alopecia
Displaced ears
Strabismus

MRI examination
Rhombencephalosynapsis

Other MRI findings

Neurodevelopment:
Hypotonia
Ataxia
Trigeminal sensitivity

Behavior, observed in the clinic

Broad skull shape and tower-like elongation in vertical axis (Figure 2)
Bilateral parieto-temporal patch of alopecia (Figure 2)
Low set, posteriorly retracted ears (Figure 2)

Agenesis of cerebellar vermis and fusion of the cerebellar hemispheres (Figure 3)

Ventriculomegaly- mild dilatation of the lateral ventricles

Beighton scale score - 6

J.K. experiences trouble maintaining balance

Temperature and touch sensation of the facial skin were found preserved. No recurrent, painless
eye infections, corneal opacities and ulcerated wounds on the facial skin and buccal mucosa were
observed

J.K. does not speak, disregards guardians and clinician addressing him, does not keep instructions
and makes no eye contact. J.K. is restless, wanders around the room, from time to time grabs the
newspapers from the table and rips them. J.K. occasionally displays aggression and self-injurious
behavior

Figure 1. (A), The lack of hair (alopecia) in the left parieto-temporal area; (B), The lack of hair (alopecia) in the right parieto-
temporal area, the head alongated in the vertical axis and the low-set ears; (C), The head elongated in the vertical axis and
deformed corpus callosum - CC (MRI, sagittal plane). CC deformation is expressed in arching of the middle part of the CC.

Figure 2. (A), The lack of hair (alopecia) in the right Figure 3. Fusion of the cerebellar hemispheres and agenesis
parieto-temporal area and low-set, posteriorly-retracted of the cerebellar vermis. (A), MRI, T2-weighted image,
ears; (B), The lack of hair (alopecia) in the left parieto- coronal plane; (B), MRI, T2-weighted image, axial plane.

temporal area.

Table 2. GLHS triad as it is described in the current study and in previous reports on GLHS

Symptoms observed In the current study References

Alopecia observed observed in 2-15

Rhombencephalosynapsis observed observed in 2-15

Trigeminal anesthesia not observed not observed in 3,5-7,15; observed in 2,4,7,9, 10,12,14-16.

Digits stand for the number of the manuscript, given in references
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to GLHS (2,4,5,7,8,12), however this symptom is not
observable in all cases of GLHS (for review see 7,9) and
is considered minor craniofacial criteria for diagnosing
GLHS (7). We did not observe ptosis in J.K., however
it is described in the literature in a few cases of GLHS
(5). Similar to the case of J.K., hypotonia and ataxia are
mentioned in several reports of GHLS. For example,
according to the earlier review of the literature (7)
ataxia was described in 73% of patients with GHLS and
hypotonia in 77% of GHLS sufferers, while according to
a contemporary review (/3) the percentage of reports on
the presence of ataxia and hypotonia in GHLS patients is
82%.

Cognitive impairment is found in most previously
reported patients with GLHS. However, in some cases,
cognitive functions are found preserved (for review see
5). Motor restlessness of the GLHS sufferer under our
examination is not a new finding since it is observed
in other studies of GLHS (4,10). Authors report on
psychiatric problems such as hyperactivity, depression,
self-injurious behavior and bipolar disorder in patients
with GLHS (3,10,15). Co-occurrence of schizophrenia
with GLHS is reported as well (/7). J.K. was diagnosed
as having ASD. On the one hand, we did not find
reports on the co-occurrence of ASD and GLHS in the
available literature. On the other hand, there are some
neurodevelopmental and genetic disorders, which GLHS
and ASD may have in common. Cerebellar malformation
deserves special attention in this respect. Neocerebellar
vermal lobules VI and VII were found to be significantly
smaller in patients with autism spectrum disorder (/7,18)
and atrophy of the vermis is observed in autism sufferers
(20). Malformation of cerebellar structures is believed to
play a role in intellectual impairment in autism sufferers
(18,20,21). Autism was diagnosed in a patient with
partial rhombencephalosynapsis (22). Chromosomal
mutations in particular cases of rhombencephalosynapsis
are associated with autism (23). Evidently, cerebellar
malformation is responsible for autistic symptomatology.
In our opinion, the current case study suggests
rombencephalosynapsis in GLHS is a structural reason
for the development of Autistic Spectrum Disorder in
Gomez-Lopez-Hernandez syndrome sufferers.

The genetic background for GHLS is not clear
(for review see 4). Similar to some GLHS sufferers
(3,4,13,15) and in contrast to some other GLHS patients
(3,8,9), J.K. is born to nonconsaguineous parents. At the
same time, his parents do not have genetic abnormalities
and they do not have witness to a case of marriage
between relatives in their ancestors. We hope that these
facts may be helpful in further consideration of the role
of inheritance in the development of GLHS.

4. Conclusion

Clinical and MRI examination of the patient, male, 36
months, born to non-consanguineous parents revealed

rhombencephalosynapsis, bilateral parieto-temporal
alopecia and brachiturricephaly. The patient has no signs
of trigeminal anesthesia. Based on the scientific literature
we suggest a finding of brachiturricephaly in addition to
rhombencephalosynapsis and bilateral alopecia sufficient
for a diagnosis of GLHS. Concomitant symptoms are
dilation of the lateral ventricles, low-set posteriorly
retracted ears, strabismus, ataxia and hypotonia. Patient
was diagnosed to have severe symptoms of ASD.
Therefore, the current study describes a case of co-
occurrence of GLHS and ASD.
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Summary

Gastrointestinal (GI) arteriovenous malformations (AVMs) are a well-known source of
bleeding with colon being the most common site, but they can also occur in rare locations
like the esophagus which may present with life threatening bleeding. We report the case of
a 51-year-old male with end stage renal disease (ESRD) presenting with hematemesis and
acute on chronic anemia. Further investigation showed an esophageal AVM which is an
unusual location and it was successfully treated with an endoscopic clip instead of argon
plasma coagulation (APC) due to its challenging location and esophageal wall motion from
breathing. The patient continued to be asymptomatic without any upper and lower GI
bleeding during his 20 months follow up period after the endoscopic management. Review
of literature showed only 10 cases of AVMs involving esophagus and the average age of
presentation was 52 years with a male predominance. We also provide an overview of those
cases in the discussion section below.

Keywords: Arteriovenous malformation, esophagus, ESRD, upper GI bleeding

1. Introduction

AVMs of the GI tract were first visualized endoscopically
in 1939 by Renshaw and in 1945 by Grossman (/). The
overall prevalence of GI AVMs is unknown. They are
more common in patients with certain risk factors like
chronic kidney disease (CKD). AVMs are responsible
for 2-5% of the cases of upper GI bleeding and 3% of
lower GI bleeding (2,3). The colon is the most common
location (4), where they are most often found in the
cecum and ascending colon (5). The small intestine
(jejunum> duodenum> ileum) and stomach are the next
most common sites of AVMs in the GI tract (4), with
esophagus being a rare location.
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An analysis of 218 patients with arteriographically
documented AVMs by Myers et al. reported only one
case of esophageal AVM (0.5%) (4). Another study
evaluating the distribution of GI angioectasias in a
western population by Bollinger et al. reported that
none of the patients in their study had AVMs in the
esophagus (6). Even though only a handful of cases are
available in the literature, it is important to consider
esophageal AVMs in the differential diagnosis when a
patient presents with an upper GI bleed. We describe a
case of significant upper GI bleeding due to an isolated
esophageal AVM and its challenges in the endoscopic
management.

2. Case Report

A 51-year-old African American man presented to the
emergency department (ED) in September of 2016
after having three episodes of gross hematemesis.
He described the vomitus as large in quantity with
fresh blood and clots. The patient had mild abdominal
discomfort before the onset of hematemesis that was
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relieved by vomiting. He denied having melena or
hematochezia. He had a history of gastroesophageal
reflux disease (GERD), chronic hepatitis B without
cirrhosis controlled with lamivudine, hypertension,
and ESRD treated with peritoneal dialysis after
having a kidney transplant rejection. He denied
taking non-steroidal anti-inflammatory drugs
(NSAIDs), anticoagulants or antiplatelet drugs. There
was no prior history of hematemesis, peptic ulcer
disease (PUD), or any known bleeding disorder. An
esophagogastroduodenoscopy (EGD), done 7 years
before the current admission, was unremarkable, and a
colonoscopy, 2 years prior to admission, showed mild
colonic diverticulosis.

On admission, the blood pressure was 162/70 mmHg,
heart rate was 85 beats/minute, respiration rate was 16
breaths/min and temperature was 36.7°C. The abdominal
examination was normal, and the digital rectal exam
showed brown stool with a negative occult blood test.
Hemoglobin (Hg) 55 g/L with a mean corpuscular
volume of 76 FL, white blood cell counts 9.5 x 10°/L,
and platelets 244 x 10°/L. His baseline Hg prior to this
presentation was 9-10 g/dL due to anemia of chronic
disease. The last Hg value, two months before the current
admission, was 10.3 gm/dL. Prothrombin time and
activated partial thromboplastin time were within normal
limits. The patient received 1 unit of packed red blood
cells (pRBC) transfusion and was started on a continuous
infusion of pantoprazole. Hematemesis resolved after the
admission, but he required two more units of pRBC to
maintain a Hg > 70 g/L. On day two after admission, he
had an esophagogastroduodenoscopy (EGD) performed
by general surgery for the evaluation of hematemesis
which revealed an AVM in the mid-esophagus that was
not cauterized due to the location. They recommended
the patient be seen by gastroenterology for therapeutic
endoscopy. As a complication of the EGD, the patient
developed aspiration pneumonia that was evident the day
after the procedure, and he was started on antibiotics.

A second EGD procedure was done on day 4
by gastroenterology which revealed a 4 mm mid-
esophageal AVM with a small central clean-based ulcer
(Figure 1) without active bleeding. Further examination
of gastroesophageal junction, gastric and duodenal
mucosa was normal. No other source of bleeding was
identified. Given the difficult location and esophageal
wall motion from breathing, argon plasma coagulation
(APC) was not considered to be feasible. A complete
obliteration of the AVM was done with a single
endoscopic clip. Post application, mucosal anchoring,
and obliteration of the lesion was satisfactory (Figure
2). The patient was switched to an oral pantoprazole
and was treated for two more days in the hospital
for aspiration pneumonia. No further bleeding was
reported, Hg remained stable and he was discharged
home on histamine H2-receptor antagonists for GERD
and oral antibiotics continued for pneumonia. On

Figure 1. Mid esophageal AVM. A 4 mm mid esophageal
arteriovenous malformation with a central clean based ulcer
and no stigmata of bleeding at the time of EGD.

Figure 2. AVM after endoscopic clip placement. A complete
obliteration of the mid esophageal arteriovenous malformation
after successful application of an endoscopic hemoclip with
satisfactory positioning.

further follow up at periodic intervals after discharge
until May of 2018 the patient reported no further
episodes of hematemesis, melena or hematochezia. His
Hg returned to his usual of 90-100 g/L.

3. Discussion

AVMs are associated with various conditions like
CKD, aortic stenosis, Von Willebrand's disease,
CREST (calcinosis, Raynaud phenomenon, esophageal
dysmotility, sclerodactyly, and telangiectasia)
syndrome, and rare conditions like hereditary
hemorrhagic telangiectasia (HHT), and Fabry's disease
(3,7). A study done by Zuckerman et al. evaluating the
etiology of upper GI bleed (UGIB) showed AVM (53%)
as the leading cause in CKD patients and PUD (51%)
as the most common cause in patients without renal
failure (8).

The underlying pathology of AVM formation is
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not well understood. Various hypotheses have been
proposed. One suggested possible vascular degeneration
promoted by hypo-oxygenation of the mucosa due to
atherosclerosis of the vessels (9). Other theories suggest
increased pressure in the venous system could lead to
the formation of the AVMs (10).

Clinical presentations of AVM include hematemesis,
melena, bleeding per rectum, unexplained iron
deficiency and anemia (4, /7). Diagnosis is usually made
by endoscopy, however, in some cases, angiography
or surgery may be required to make the diagnosis.
Endoscopic therapy with APC is the most successful
method of treatment (/2). Bipolar coagulation can also
be used in the treatment of AVM. However, APC is more
commonly used due to its ease of use, low cost, and the
lower rate of complications. Hemostasis with clips can
be used in cases where lesions are localized or APC is
difficult to be performed as described in this case.

The PubMed literature search query returned a
total of 10 cases of esophageal AVMs reported in
combination with AVMs at other locations or as a part
of a syndrome (/,7,13-19). A brief description of the
patients' characteristics of the published case reports
is mentioned above in Table 1. Details regarding one
of the patients were not available. The most common
presentation was hematemesis followed by anemia as it
was in the current case. AVMs were seen predominantly
in males (8/10) compared to females (2/10) with age
ranging from 22-76 years and the average age of
presentation was found to be 52. Out of ten patients,
only 3 cases of isolated esophageal AVMs were reported
(13-15), and to the best of our knowledge, the case
described here will likely represent the 4th case in that
group with its unique challenges in the management
and successful hemostasis with an endoscopic clip.

4. Conclusion

Despite its rarity in clinical practice, the case described
here provides evidence that esophageal AVMs can
cause life threatening upper GI bleeding. They should
be considered in the differential in a patient with
upper GI bleeding especially in the background of risk
factor such as ESRD, and timely intervention could be
lifesaving.
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Summary

Spontaneous bilateral chylothorax and chylous ascites rarely develop in conjunction
with systemic venous thrombosis, and the most common cause of non-traumatic chylous
effusion is a malignancy. A 23-year-old immunocompetent female presented with a fever
of 5 months' duration associated with progressive shortness of breath and abdominal
distension. Evaluation revealed bilateral chylothorax, chylous ascites, and multiple venous
thrombosis. Anti-tubercular drugs were initiated on the basis of a lymph node biopsy and
computed tomography findings, but her symptoms worsened, and she developed massive
bilateral pleural effusions with type 2 respiratory failure requiring invasive mechanical
ventilation. She was managed with anti-tubercular drugs, chest tube drainage, octreotide,
anticoagulants, and other supportive treatments. A multipronged approach to the
management of chylous effusions and addition of octreotide led to resolution of symptoms.

The challenges faced in diagnosing and managing this case are discussed in this report.

Keywords: Chylothorax, chylous ascites, tuberculosis, hypercoagulability, octreotide

1. Introduction

Chylothorax and chylous ascites are characterized by
accumulation of chyle in the pleural and peritoneal
cavities produced by obstruction and disruption of the
lymphatic channels. Chylothorax and chylous ascites are
commonly caused by direct injury to the thoracic duct
after surgery or by infiltration of the lymphatic system
secondary to a malignant disease (/,2). The reported
incidence of the combined occurrence of chylothorax
and chylous ascites has varied from 9% to 55% in cases
of chylous effusions (3,4). Tuberculosis (TB) and its
association with a hypercoagulable state are seldom
recognized as causes of chylothorax and chylous ascites.
Presented here is the case of a young immunocompetent
female with recurrent bilateral chylothorax and chylous
ascites and venous thrombosis in major central veins of
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the body. These conditions were all attributed to TB, a
common infection. The challenges faced in diagnosing
and managing this case are discussed in this report.

2. Case Report

A 23-year-old female with no prior comorbidities
presented with a low-grade fever (documented 100-
101°F) of 5 months' duration associated with loss
of appetite and weight loss. She also complained of
progressive shortness of breath and abdominal distension
for 3 months prior. An examination at a local hospital
revealed bilateral chylothorax and chylous ascites. The
woman was admitted there for the same complaints
twice. There, she underwent multiple pleurocenteses,
followed by bilateral intercostal tube insertion. A cervical
lymph node was biopsied, revealing multiple well-
defined caseating granulomas with necrosis. Contrast-
enhanced computed tomography (CECT) of the chest and
abdomen suggested a tubercular etiology, and category
1 anti-tubercular therapy was initiated. The woman was
then discharged. Ten days later, her symptoms worsened,
so she was referred to this Hospital. An interview
indicated that she had a fever for 5 months with weight
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loss, shortness of breath and abdominal distension for
3 months that worsened over the previous 10 days, and
altered sensorium for 5 days. There was no history of
coughing with expectoration, hemoptysis, or abnormal
bowel movements.

Table 1. Routine hematological and biochemical profile

Items At admission At discharge
Hb (gm/dL) 10.9 9.6
Platelet count (/mm’) 591 x 10° 587 x 10°
TLC (/mm’) 10,300 10,000
Urea (mg/dL) 16 19
Creatinine (mg/dL) 0.2 0.4
Na (mEq/L) 139 136

K (mEqg/L) 4.4 43
Total bilirubin (mg/dL) 1.0 1.1
Total protein (g/dL) 5.7 6.2
Albumin (g/dL) 2.5 2.8
Globulin (g/dL) 32 3.4
AST (IU/L) 38 20
ALT (IU/L) 18 8
ALP (IU/L) 245 204
ESR (mm/hr) 52 34

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; ESR, erythrocyte sedimentation rate; Hb,
hemoglobin; TLC, total leucocyte count.

Figure 1. Serial chest radiographs. (A) At admission showing
bilateral partially opaque hemithoraces and patchy opacities in
bilateral lung fields; (B) Showing a reduction in bilateral lung
field opacities with fluid along the bilateral costophrenic angles
and right horizontal fissure; (C) Follow-up radiograph showing
minimal residual opacities in the bilateral lower lung fields and
costophrenic angles.

Table 2. Analysis of pleural fluid at different time points

On examination, she was drowsy (10 on the Glasgow
Coma Scale) and had stable vital signs. Pallor was
present. A respiratory examination revealed a dull
percussion note and absence of breath sounds in the
bilateral inframammary, infra axillary, and infra scapular
regions. There was no shifting dullness or organomegaly
on abdominal examination. The rest of the general and
systemic examination was normal.

A routine hematological and biochemical profile
revealed normocytic normochromic anaemia, an elevated
erythrocyte sedimentation rate (ESR), and reversal of
the albumin:globulin ratio (Table 1). A chest radiograph
revealed bilateral massive pleural effusions (Figure 1
A and 1B). An intercostal tube was placed on the right
side, and it drained chylous fluid with an uninterrupted
flow. As her condition progressively worsened, another
intercostal tube was placed on the left side. She
required intubation on day 2 of hospitalization due to
worsening type 2 respiratory failure. A chest radiograph
was repeated to rule out consolidation, and a two-
dimensional (2D)-echocardiography was performed to
rule out massive pulmonary embolism as a cause of the
sudden worsening of the patient's condition that required
mechanical ventilation. Chylous fluid was exudative
in nature and predominantly consisted of lymphocytes.
Triglycerides were elevated, and results of a
microbiological (Gram staining, acid-fast bacilli staining/
GeneXpert/fungal staining) and a cytological evaluation
were negative (Table 2). There was no evidence of
ascites in an ultrasound of the abdomen. CECT of the
chest and abdomen suggested bilateral pleural effusion
with enlarged mediastinal and retroperitoneal lymph
nodes and ileo-cecal thickening (Figure 2). CECT also
revealed partial thrombosis of the right internal jugular
vein, left brachiocephalic vein, and right iliac vein.
Coagulation and autoimmune profiles were normal (Table
3). Since the patient was on mechanical ventilation,
invasive sampling of the mediastinal lymph nodes was

Items Sample 1 Sample 2 (on octreotide )
TLC (/mm’) 350 160

DLC L60P40 L80P20

VLDL (mg/dL) 30 21
Triglycerides (mg/dL) 733 154
Cholesterol (mg/dL) 63 179
LDL/HDL 2.7 4.1

LDL (mg/dL) 24 127

Amylase (IU/L) 1.5 1.6

Albumin (g/dL) 1.2 1.8

Glucose (mg/dL) 55 60

Protein (g/dL) 2.3 2.9

Gram staining/bacterial culture No organism/Negative No organism/Negative
KOH staining/fungal culture No organism/Negative No organism/Negative
AFB staining Negative Negative
GeneXpert Negative Negative
Malignant cytology Negative Negative

AFB, acid-fast bacilli; DLC, differential leucocyte count; L, lymphocytes; LDL, low-density lipoprotein; P, polymorphs; TLC, total leucocyte

count; VLDL, very-low-density lipoprotein.
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Figure 2. Axial CT images. Mediastinal windows (A, B)
showing enlarged right paratracheal and aorto-pulmonary
window lymph nodes with minimal bilateral pleural
effusion. Lung window images (C, D) showing right-sided
pneumothorax with areas of consolidation in the right lower
lobe. There are centrilobular nodules with a tree-in-bud
appearance in the right upper lobe.

Table 3. Results of a work-up for coagulation abnormalities

Parameter Value
Prothrombin time (sec) 14.5
INR 1.5
aPTT (sec) 34
Anti-cardiolipin antibody Negative
Lupus anticoagulant Negative

aPTT, activated partial thromboplastin time; INR, international
normalized ratio.

not attempted, and anti-tubercular therapy was continued.
To rule out an underlying malignancy, 18F-fluoro-deoxy-
glucose positron emission tomography with computed
tomography (18F-FDG-PET/CT) was performed. PET/
CT revealed an increased FDG uptake in bilateral pleural
(mediastinal and retroperitoneal) lymph nodes. A CT-
guided biopsy of the retroperitoneal lymph nodes was
negative according to GeneXpert, and histopathology
indicated predominant necrosis and few epitheloid
cells. Lymphangiography was performed starting at the
retroperitoneal lymph nodes and lymphoscintigraphy was
performed to identify the source of lymphatic leakage,
but those examinations revealed no leakage. In light of
the patient's symptomatic recurrent chylous effusions,
she was started on intravenous octreotide 100 mcg three
times a day. This was gradually reduced as the drain
output decreased. The patient was gradually weaned off
of the ventilator, and the intercostal tubes were removed.
She was started on a medium-chain triglyceride-rich diet.
Anticoagulation with heparin was started and coincided
with warfarin as the patient's coagulation profile was
monitored. The patient was hemodynamically stable, so
she was discharged. Her condition was satisfactory at a
follow-up 4 months after discharge (Figure 1C).

3. Discussion

The current patient presented with recurrent bilateral

chylothorax and chylous ascites due to TB, that also
caused a systemic hypercoagulable state. Chylothorax
(chylous effusion) is defined as accumulation of chyle
in the pleural space due to disruption or obstruction of
the thoracic duct (4). The hallmark of chylous effusion
is the presence of chylomicrons in the fluid. Objective
diagnostic criteria include a pleural fluid triglyceride
level > 110 mg/dL and a ratio of pleural fluid to serum
triglyceride level of > 1.0. Both criteria were fulfilled in
the current case.

The most common cause of non-traumatic chylous
effusion is a malignancy, such as lymphoma or metastatic
carcinoma (J,06). Other causes of non-traumatic chylous
effusion include idiopathic chylous effusion, a congenital
anomaly, protein-losing enteropathy, and TB (6,7).
The current patient denied any history of trauma, CT
scans of the chest and abdomen revealed no evidence
of a malignancy, and repeated cytologic examinations
of pleural effusion revealed no malignant cells. A CT
scan showed multiple necrotic lymph nodes in the
abdominal cavity and centrilobular nodules with a tree-
in-bud appearance in the right lung suggestive of TB,
but a fluid examination was negative for acid-fast bacilli,
negative according to GeneXpert, and fluid contained
low levels of adenosine deaminase. Acid-fast staining
and GeneXpert testing of pleural fluid have low levels of
sensitivity, and their role in examining chylous fluid has
seldom been reported (8).

A possible mechanism for tuberculous lymphadenitis
causing chylothorax is presumably enlarged mediastinal
and hilar lymph nodes obstructing lymph flow, thereby
facilitating lymphovenous communication between the
thoracic duct and the azygos and intercostal veins by
placing pressure on the thoracic duct and cisterna chyli
(9-11). Methods used to find the site of a chylous leak
like lymphangiography are not viable due to difficulty
in visualizing the entire length of the thoracic duct
because of the poor mix of oily contrast medium and
chyle. A detailed examination of the lymphatic system
was accomplished via lymphoscintigraphy, which
has a sensitivity of 88% and a specificity of 100%
(12,13). However, it lacks sufficient spatial resolution
to outline morphologic details. In the current case,
lymphoscintigraphy was performed after the patient
was stabilized, and it revealed no leaks. Non-contrast
magnetic resonance lymphangiography allows detailed
visualization of the entire thoracic duct, but its role has
only been described in a few case series.

TB is associated with a systemic pro-coagulant
state, as indicated by enhanced coagulation activation
(increased plasma levels of thrombin-antithrombin
complexes, D-dimer, and fibrinogen) along with
impaired anticoagulant mechanisms like low plasma
levels of antithrombin (/4). Disease results in the
production of pro-inflammatory cytokines that make
the vascular endothelium more thrombogenic, in turn
increasing the synthesis of coagulation proteins by the
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liver. TB can cause thrombosis by various mechanisms
such as local invasion, venous compression, or by
producing a transitory hypercoagulable state (/5-17).
Although TB is widely prevalent in India, data on its
association with a hypercoagulable state are limited.
Whether anticoagulation is needed and its duration have
yet to be standardized, so carefully conducted clinical
trials need to be conducted to answer these questions.
Moreover, oral anticoagulation must be carefully
monitored because of hepatic enzyme induction by anti-
TB drugs (10-12).

Treatment of chylothorax requires a multi-
pronged approach. Conservative treatment involves
supplementation of medium-chain triglycerides, total
parenteral nutrition, and thoracentesis. Octreotide
has been successfully used to treat chylothorax even
though its dose and duration have not been clearly
specified. In retrospective studies of the effectiveness of
octreotide in treating chylothorax, the consensus view
was that conservative treatment with octreotide should
be instituted for 1 week before considering surgery
(18,19). In the current case, treatment with octreotide
and low-molecular-weight heparin was used and chylous
drainage gradually subsided. The patient was weaned off
of ventilatory support and chest drains were removed.
Further imaging suggested resolution of the effusion,
so she was discharged. The patient's condition was
satisfactory at follow up after 4 months.

In conclusion, chylous effusions with venous
thrombosis can be caused by TB, although traumatic
injury and malignancy are more common etiologies.
Treatment of chylous effusions requires a multipronged
approach, and octreotide is a useful treatment for those
effusions.
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Successful treatment of acute-on-chronic liver failure and hemolytic
anemia with hepato-protective drugs in combination with
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Summary

Both acute-on-chronic liver failure (ACLF) and autoimmune hemolytic anemia (AIHA) are
common causes of jaundice. A co-occurrence of ACLF and ATHA is rare in clinical practice.
This report describes a male elderly patient who developed persistently increased levels of
total bilirubin and ascites after endoscopic retrograde cholangiopancreatography for the
successful treatment of common bile duct stones. Eventually, he was diagnosed with ACLF
and AIHA according to current diagnostic criteria. The patient was given conventional
hepato-protective drugs, human albumin, and diuretics in combination with immune ozone
without steroids, and he responded well. The therapeutic role of immune ozone in this case is
also discussed. When immune ozone was given, total bilirubin gradually decreased; however,
no change in total bilirubin was observed after immune ozone was stopped. Notably, when
immune ozone was re-initiated, total bilirubin decreased again.

Keywords: Acute-on-chronic liver failure, hemolytic anemia, liver cirrhosis, jaundice, immune

0ozone

1. Introduction

Acute-on-chronic liver failure (ACLF) is potentially
life-threatening (/). According to the guidelines of the
Asia Pacific Association of Liver Diseases (APASL),
ACLF is diagnosed if a patient with previously
diagnosed or undiagnosed chronic liver disease/cirrhosis
has the following symptoms: jaundice (serum total
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bilirubin (TBIL) > 5 mg/dL [85 umol/L]), coagulopathy
(international standardization ratio (INR) > 1.5 or
prothrombin activity < 40%), and development of ascites
and/or encephalopathy within 4 weeks (/). Treatment
of ACLF mainly includes comprehensive medical
treatment, artificial extracorporeal liver support, and liver
transplantation (2).

Autoimmune hemolytic anemia (AIHA) is
an acquired heterogeneous autoimmune disease
characterized by autoantibodies attacking antigens
on autologous red blood cells (RBCs), resulting in
destruction of RBCs (3). AIHA is a relatively rare
disorder, with an estimated incidence of 1 to 3 cases in
100,000 persons per year (4). AIHA can occur at any
age, but its risk increases with age, and particularly so
after the age of 40 (5). Diagnostic criteria for AIHA
include: 7) anemia defined as a decreased hemoglobin
level; i) the presence of erythrocyte autoantibodies; and
iii) at least one of the following conditions: a percentage
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of reticulocytes > 4% or an absolute value > 120 x 10°/
L, along with a globin level < 100 mg/L, and TBIL >
17.1 umol/L (mainly an increase in indirect bilirubin
[IBIL]) (6). Treatment of AIHA mainly includes blood
transfusions, glucocorticoid therapy, splenectomy,
administration of rituximab, and administration of
cytotoxic immunosuppressive agents (6).

Immune ozone, also known as ozonated autologous
blood therapy, has been used for nearly 40 years.
Ozone therapy is widely used for cardiovascular,
gastrointestinal, genitourinary, central nervous, head
and neck, musculoskeletal, subcutaneous tissue,
and peripheral vascular diseases (7). Ozone may be
effective for the management of some vascular diseases
(8). However, it has not been accepted as a standard
therapeutic modality or by orthodox medicine (9). Bocci
pointed out that ozonated blood can readily maintain the
lifespan of RBCs in the circulatory system (10).

The current report describes an elderly male patient
with ACLF and ATHA who responded well to hepato-
protective drugs combined with immune ozone.

2. Case Report

On February 2018, an 81-year-old male presented
with abdominal pain and a fever and was treated with
traditional Chinese medicine at a local hospital. On
March 2018, he developed abdominal pain and a fever
again. Abdominal computed tomography (CT) showed
abnormal morphology of the pancreas (Figure 1).
Magnetic resonance cholangiopancreatography (MRCP)
showed choledocholithiasis (Figure 2). He received
conservative treatment at a local hospital, and his
symptoms abated.

On April 2, 2018, he developed abdominal pain and
a fever after diarrhea with a yellowing of the skin and
eyes and was admitted to the Emergency Department
at this Hospital. Abdominal CT scans showed liver
cirrhosis, abnormal morphology of the pancreas,

Figure 1. Abdominal CT was performed at a local hospital
on March 2018 and showed abnormal morphology of the
pancreas.

ascites, and choledocholithiasis (Figure 3). Laboratory
results indicated that serum TBIL was 79.0 umol/L
(reference range: 5.1-22.2 umol/L), direct bilirubin
(DBIL) was 60.8 umol/L (reference range: 0-8.6 umol/
L), serum amylase (AMY) was 1,840.00 U/L (reference
range: 30-110 U/L), and serum lipase (LIPA) was >
6000 U/L (reference range: 23-300 U/L).

On April 4, 2018, the patient underwent endoscopic
retrograde cholangiopancreatography (ERCP) in
Hepatobiliary Surgery at this Hospital. A stone 0.6
x 0.5 cm in size was removed from the common
bile duct. Abdominal pain was greatly alleviated.
However, jaundice worsened, and TBIL and DBIL
levels continued to increase (Figure 4). In addition,
gross ascites developed and gradually worsened. On
April 8, 2018, the patient underwent a cholangiography
via a naso-biliary drainage catheter that suggested the
patency of the common bile duct. On April 13, 2018,
the patient underwent laboratory tests for hepatitis A,
hepatitis E, hepatitis B, hemolysis, immunity-related
liver diseases, and tumor markers. Viral hepatitis
and immunity-related liver diseases were ruled out.
Hemolysis tests indicated that erythrocyte osmotic
fragility (primary dissolution) was 0.35% (reference
range: 0.40-0.45%), erythrocyte osmotic fragility
(completely soluble) was 0.30% (reference range: 0.35-
0.40%), and the Coombs test was positive.

On April 16, 2018, the patient was transferred to
Gastroenterology at this Hospital. His disease history
was reviewed in detail. He suffered from intractable
insomnia in 1998 and took alprazolam tablets for more
than 10 years. He had no history of hypertension.
He had never smoked nor drunk alcohol. Laboratory
results indicated that the RBC count was 2.58 x 10"/
L (reference range: 4.0-5.5 x 10'*/L), hemoglobin
(Hb) was 96 g/L (reference range: 110-150 g/L), the
percentage of reticulocytes was 4.71% (reference
range: 0.5-2.0%), the reticulocyte count was 0.122
x 10°/L (reference range: 0.015-0.1 x 10°/L), TBIL

Figure 2. Magnetic resonance cholangiopancreatography
was performed at a local hospital on March 2018 and
showed an enlarged gallbladder and a stone at the end of
the common bile duct.
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Figure 3. Abdominal CT scans at this Hospital on April 2, 2018 showing liver cirrhosis, abnormal morphology of the

pancreas, ascites, and choledocholithiasis.
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Figure 4. Changes in TBIL and DBIL after ERCP in Hepatobiliary Surgery at this Hospital.

was 186.5 umol/L, DBIL was 140.1 umol/L, alanine
amino-transaminase (ALT) was 53.84 U/L (reference
range: 9-50 U/L), aspartate amino-transaminase (AST)
was 90.5 U/L (reference range: 15-40 U/L), alkaline
phosphatase (AKP) was 161.78 U/L (reference range:
45-125 U/L), y-glutamyl transpeptidase (GGT) was
106.49 U/L (reference range: 10-60 U/L), albumin
(ALB) was 25.9 g/L (reference range: 40-55 g/L),
prothrombin time (PT) was 21.5 s (reference range:
11.5-14.5 s), INR was 1.8, serum immunoglobulin (IgG)
was 24.77 g/L (reference range: 6-16 g/L), and serum
immunoglobulin (IgA) was 4.84 g/L (reference range:
0.71-3.35 g/L). He was diagnosed with liver cirrhosis
and ACLF. His Child-Pugh score was 13 points. A

consultation with a hematologist also suggested a
diagnosis of AIHA. Since the patient had a fever and a
potential infection, steroids were ruled out. Adenosine
methionine, glutathione, isoglycyrrhizinate, folate
tablets, vitamin B12, furosemide, spironolactone, and
human albumin were given. In addition, intravenous
immune ozone was prescribed as an adjuvant therapy.
On April 24, 2018, laboratory results indicated that
ALT was 53.67 U/L, AST was 91.09 U/L, GGT was
96.10 U/L, AKP was 154.58 U/L, TBIL was 121.2
umol/L, DBIL was 101.7 umol/L, ALB was 28.2 g/
L, PT was 20.0 s, serum AMY was 82.00 U/L, and
serum LIPA was 228.0 U/L. At this time, the patient
refused intravenous immune ozone due to the potential
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Figure 5. Changes in TBIL and DBIL in Gastroenterology at this Hospital.

invasiveness of the procedure.

On May 1, 2018, laboratory results indicated that
ALT was 79.25 U/L, AST was 123.15 U/L, AKP was
154.68 U/L, GGT was 110.65 U/L, TBIL was 121.3
umol/L, DBIL was 97.4 umol/L, ALB was 34.3 g/
L, PT was 17.3 s, serum AMY was 107.00 U/L, and
serum LIPA was 222.0 U/L. Heeding the advice of his
physician, the patient agreed to initiate immune ozone
again.

On May 10, 2018, laboratory results indicated that
ALT was 64.3 U/L, AST was 94.08 U/L, AKP was
139.03 U/L, GGT was 112.53 U/L, TBIL was 77.9
umol/L, DBIL was 58.8 umol/L, ALB was 34.1 g/L, PT
was 16.1 s, serum AMY was 113.00 U/L, and serum
LIPA was 244.0 U/L.

On May 16, 2018, laboratory results indicated
that ALT was 59.64/L, AST was 92.55 U/L, AKP was
140.23 U/L, GGT was 106.15 U/L, TBIL was 58.4
umol/L, DBIL was 49.2 umol/L, and ALB was 32.5 g/
L (Figure 5). Hemolysis tests were performed again.
Erythrocyte osmotic fragility (primary dissolution)
was 0.45%, erythrocyte osmotic fragility (completely
soluble) was 0.40%, and the Coombs test was negative.
Ascites was not evident on ultrasound. Thus, the patient
was discharged. Oral polyene phosphatidylcholine
capsules and silymarin tablets were prescribed.

On May 24, 2018, laboratory tests were performed
again. The RBC count was 3.78 x 10"*/L, Hb was 129
g/L, TBIL was 54.2 umol/L, DBIL was 43.5 umol/L,
ALT was 54.31 U/L, AST was 72.21 U/L, AKP was
124.73 U/L, GGT was 82.05 U/L, ALB was 35 g/L, PT
was 15.9 s, and INR was 1.28.

On June 27, 2018, laboratory tests were performed
again. The RBC count was 3.78 x 10'"*/L, Hb was 138
g/L, TBIL was 29.8 umol/L, DBIL was 16.6 umol/L,
ALT was 48.44 U/L, AST was 55.22 U/L, AKP was
138.35 U/L, GGT was 49.14 U/L, and ALB was 32 g/
L. The patient is in satisfactory condition without any
complaints.

3. Discussion

An interesting aspect of this case is that the TBIL level
successively increased to more than 200 umol/L after a
common bile duct obstruction was relieved following
ERCP. Thus, the causes of jaundice needed to be
examined. First, viral hepatitis, autoimmune hepatitis,
and tumor markers were negative. Second, since the
patient had a prior history of taking medication, drug-
related liver injury was suspected. However, the patient
had a RUCAM (/) score of 2 points. Thus, drug-
induced liver injury was unlikely. Third, since the patient
had a high serum IgG antibody titer, IgG4-related
cholangitis was suspected. However, this possibility
was ruled out based on the diagnostic criteria for IgG4-
related cholangitis (/2) and the IgG4 level. Fourth,
the patient's WBC and GR% gradually increased after
ERCP, indicating that the patient might have a biliary
infection. Thus, the rise in TBIL and DBIL levels
after ERCP might have been caused by a persistent
biliary infection. Notably, the patient’s inflammatory
indices returned to normal after the administration of
antibiotics, but his TBIL and DBIL levels continued to
rise. Thus, the possibility that TBIL and DBIL increased
due to biliary tract infection alone was ruled out.
Fifth, CT scans performed at this Hospital suggested a
diagnosis of liver cirrhosis. However, the etiology of
liver cirrhosis in this patient was unclear. In China, the
most common etiological factors are viral hepatitis and
alcohol consumption. However, viral hepatitis and a
history of alcohol consumption were not evident in this
patient. Given his medical history, the possible causes
of cirrhosis may have included schistosomiasis, chronic
use of drugs, and long-term cholestasis. However, a
liver biopsy was not performed, so a definite etiology of
liver cirrhosis could not be determined. In addition, the
patient said that his schistosomiasis had been cured and
that he had stopped taking some drugs. In this patient,
repeated episodes of cholestasis may have constituted
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the true etiology of liver disease. Sixth, according to the
diagnostic criteria for ACLF of the APASL, the patient
was diagnosed with ACLF. Seventh, the patient had a
gradually decreased level of Hb, an elevated percentage
of reticulocytes, and a positive Coombs test, so he was
also diagnosed with ATHA (6).

The treatment strategy in this case should also be
examined. Intravenous ademetionine, glutathione,
isoglycyrrhizinate, and albumin infusions were effective
in treating ACLF. Blood transfusions are a potentially
risky treatment for AIHA because the presence of
autoantibodies may increase the difficulty of cross-
matching and the risk of hemolytic transfusion reactions
(6). Since the patient had only mild anemia, blood
transfusions were not given. In addition, the use of
steroids was initially considered in this case. At the time,
however, the patient suddenly developed a fever. After
balancing the risk and benefits of steroids, the patient
and his family members decided to continue following a
wait-and-see strategy and they refused steroids.

Another interesting finding is that immune ozone
might have alleviated jaundice in this case. Ozone can be
dissolved in the aqueous components of plasma, thereby
triggering oxidative stress in the body and producing
antioxidants, such as superoxide dismutase, glutathione
peroxidase, and glutathione S-transferase, catalase, heme
oxygenase-1, heat shock protein, and phase II drug-
metabolizing enzymes, which are free radical scavengers
(13). Treatment with ozone is effective in reducing the
levels of anti-erythrocyte and anti-leukocyte antibodies
and other antibodies (/4). Notably, after discontinuing
the immune ozone, the TBIL level plateaued for nearly
a week. In contrast, once immune ozone was initiated
again, the TBIL level began to decline again (Figure 5).

In conclusion, a patient with ACLF and ATHA
responded well to hepato-protective drugs combined with
immune ozone. Naturally, the effectiveness and safety of
immune ozone in such patients should be further verified
in large-scale randomized controlled trials.
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A catastrophic nightmare of the interventional cardiologist:
Iatrogenic left main artery dissection and longitudinal stent
deformation
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Summary

Iatrogenic left main coronary artery dissection is a rare but potentially life-threatening
complication of invasive coronary procedures. The newer generation drug eluting stents
have shown a greater safety and efficacy compared to first generation drug eluting stents.
We report a 60-year-old woman with iatrogenic left main coronary artery dissection who
failed bailout stenting and underwent coronary artery bypass grafting. The strategy for
managing left main coronary artery dissection is variable and depends upon the mechanism,
the comorbidities of the patient and degree of hemodynamic stability. Longitudinal stent
deformation is a rarely encountered complication but can be seen in complex lesions such as
ostial, bifurcation and left main coronary artery lesions. The interventionists must be aware
of this complication.

Keywords: Left main coronary artery dissection, longitudinal stent deformation, drug eluting

stents

1. Introduction

latrogenic left main coronary artery (LMCA) dissection
is a rare but potentially life-threatening complication of
invasive coronary procedures with a reported incidence
of less than 0.1% (/). Timely recognition of the
dissection and construction of a proper treatment plan
based on the type of the dissection and the clinical status
of the patient is needed to overcome this potentially fatal
complication. Treatment consists of conservative therapy,
salvage percutaneous coronary intervention (PCI) or
urgent coronary artery bypass graft (CABG) surgery.
The newer generation drug eluting stents (DES)
have shown greater safety and efficacy compared to first
generation DES, because of thinner struts, nondurable
polymers and coating with better anti-proliferative drugs
(2,3). Though, the current stent design of thin struts and
cobalt alloy has improved the technical performance
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of various stents in terms of tractability, conformability
and flexibility; and their poor longitudinal axial strength
makes them susceptible to longitudinal stent deformation
(LSD) (4). Herein we report a case of iatrogenic LMCA
dissection that failed bailout stenting and underwent
CABG.

2. Case Report

A 60-year-old female patient with a history of
hyperlipidemia and smoking was referred to the
cardiology clinic following complaints of chest pain
and dyspnea for the last 24 hours. It was also noted that
she had been suffering from a cough for the past one
week as a result of an upper respiratory tract infection.
Physical examination was unremarkable, with BP
136/88 mmHg and HR 95 beats per minute, regular.
Electrocardiography revealed sinus rhythm with new
T-wave inversions in leads V1-V4. The echocardiogram
showed hypokinesia of the inferior, inferior-septal and
lateral left ventricular walls with an ejection fraction of
40%. On cannulation of the left coronary artery ostium
using a 6 French Judkins Left-4 diagnostic catheter,
the left circumflex coronary artery (LCx) was found
tortuous and totally occluded (Figure 1A). Therefore,
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Figure 1. Coronary angiogram images of the lesions during the procedure. (A), Angiogram revealing a completely occluded
left circumflex artery; (B), Angiogram showing restoration of thrombolysis in myocardial infarction (TIMI) grade 3 flow in the
left circumflex artery after stenting; (C), Left main coronary Artery dissection (arrow), extending to LCx artery in the antero-
posterior caudal view; (D), Deployment of a PROMUS 4.5 x 12 mm stent into left main coronary artery; (E), Normal angiographic
appearance of the left main coronary artery following stent implantation in left anterior oblique caudal view.

we scheduled to perform PCI to the LCx artery. The
LMCA was selectively cannulated without difficulty
with a 7 French Judkin's Left-4 guiding catheter (Cordis
J&J, Miami, FL). The lesion was crossed by a 0.014
inch soft-tip floppy wire (BMW, Abbott Vascular,
Santa Clara, CA, USA) and predilated with 2.0 x 12
mm compliant balloon at 12 atm. After predilation, a
3.0 x 28 mm PROMUS (Boston Scientific Co., Natick,
MA, USA) DES was uneventfully deployed across the
lesion (Figure 1B). Because of stent under expansion
at the site of the tight lesion we successfully performed
post dilation with use of a 3.5 x 15 mm noncompliant
balloon. Subsequent angiography revealed persistent
contrast staining outside the coronary lumen at the site
of the LMCA ostium, which was compatible with a
type C coronary dissection that extended anterogradely
to involve the LCx artery (Figure 1C). The patient
was pain free and hemodynamically stable without
electrocardiographic evidence of ischemia. A 4.5 x 12
mm PROMUS (Boston Scientific Co., Natick, MA,
USA) DES was deployed at 14 atm into left main
coronary artery (Figure 1D). Post dilation was carried
out with a 5.0 x 10 mm noncompliant balloon and final
angiography showed complete sealing of the LMCA
dissection flap (Figure 1E), but residual dissection
flap remained between LMCA and LCx artery. Within
same day new intervention was established because
of a persistent dissection segment (Figure 2). Left
main cannulated with extra-support 7 Fr., 3.5 EBU
coronary-guide catheter (Medtronic Inc., Minneapolis,
Minnesota) and floppy guidewire was appropriately
located in distal position of LCx artery. A decision
was taken to attempt to balloon inflations and stent

"';J

Figure 2. Dissection imaging. Residual dissection between
LMCA and LCx viewed in an LAO caudal projection.

deployment at dissected segment, however, multiple
attempts failed due to proximal tortuosity of LCx.
Deep engagement of guiding catheter compressed the
proximal stent struts and resulted in longitudinal stent
deformation (Figure 3). Due to deteriorating coronary
flow and enlargement of the dissected lumen it was
decided to shift the patient for emergency surgical
intervention. Successful surgery was performed
and patient was discharged from ICU on the 5th
postoperative day without any complications.

3. Discussion

Catheter-induced LMCA dissection is a rare but well-
recognized life-threatening complication of coronary
angiography and angioplasty. Unusual LMCA anatomy
or location, presence of LMCA atherosclerosis,
operator experience, vigorous hand injection of contrast
medium, selection of catheter type (left Amplatz
guiding catheters are associated with a higher risk of

www.irdrjournal.com



211 Intractable & Rare Diseases Research. 2018, 7(3):209-212.

Figure 3.The progression of longitudinal deformation. (A), Noncontrast angiogram after LMCA stent deployment; (B),
Longitudinal deformation and shortening of the LMCA stent (black arrow pointing at the proximal deformed edge of the stent); (C),
Angiogram revealed progressive enlargement of the dissected lumen and deteriorating coronary flow.

dissection), inappropriate positioning of the catheter
in co-axial alignment with LMCA and subintimal
passage of the guidewire (especially stiffer and less
manageable guide wires) have all been associated with
an increased risk of iatrogenic LMCA dissection (5-7).
latrogenic LMCA dissection is twice as likely to occur
during coronary intervention compared to diagnostic
angiography (8) and deep engagement of guiding
catheters while the angioplasty balloon is withdrawn is
often suggested to be responsible for iatrogenic LMCA
dissection (/).

LSD has been described as longitudinal distortion
or shortening of the stent in the longitudinal axis (4).
The literature states that Promus Element stent has
commonly been associated with LSD (9). LSD is more
frequent in LMCA, ostial, bifurcation and complex
lesions, in terms of procedural characteristics, LSD is
related to the use of extra-support guiding catheters,
extra-support guidewires, use of more than one stent
and post-dilatation, and lower stent inflation pressure
(10). The treatment of LSD includes dilatation of
a deformed segment with appropriate sized non-
compliant balloon and if required, another stent for
optimal end results Although rare, the LSD can lead to
potential complications such as predisposing to stent
thrombosis (4). In rare cases, percutaneous management
of stent deformation might become difficult, such that,
surgery becomes necessary in such situations.

The strategy for managing of LMCA dissection
is variable and depends upon the mechanism, the
comorbidities of the patient and degree of hemodynamic
stability. Hemodynamically unstable patients are most
likely to undergo percutaneous coronary intervention
(PCI), because PCI (bailout stenting) of LMCA can
be performed rapidly shortly after iatrogenic LMCA

dissection occurred and has high technical success.
Coronary artery bypass grafting (CABG) is particularly
valuable in a hemodynamically stable patient with
extensive iatrogenic LMCA dissection (antegrade or
retrograde extension into the aortic root) and multivessel
disease.

In conclusion, we hereby report a case of iatrogenic
LMCA dissection in which bailout stenting failed due to
LSD. LSD is a rarely encountered complication but can
be seen in complex lesions such as ostial, bifurcation
and LMCA lesions. To prevent LSD, aggressive catheter
manipulation and deep engagement of catheter during
withdrawal of stent balloons, post-dilatation balloons
or adjunctive imaging devices should be avoided. The
interventionists must be aware of this complication and
must recognize and manage it carefully.
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whr08_en.pdf (accessed September 23, 2010).

Tables: All tables should be prepared in
Microsoft Word or Excel and should be
arranged at the end of the manuscript after
the References section. Please note that tables
should not in image format. All tables should
have a concise title and should be numbered
consecutively with Arabic numerals. If
necessary, additional information should be
given below the table.

Figure Legend: The figure legend should
be typed on a separate page of the main
manuscript and should include a short title
and explanation. The legend should be
concise but comprehensive and should be
understood without referring to the text.
Symbols used in figures must be explained.

Figure Preparation: All figures should be
clear and cited in numerical order in the text.
Figures must fit a one- or two-column format
on the journal page: 8.3 cm (3.3 in.) wide for
a single column, 17.3 cm (6.8 in.) wide for
a double column; maximum height: 24.0 cm
(9.5 in.). Please make sure that artwork files
are in an acceptable format (TIFF or JPEG) at
minimum resolution (600 dpi for illustrations,
graphs, and annotated artwork, and 300 dpi
for micrographs and photographs). Please
provide all figures as separate files. Please
note that low-resolution images are one of
the leading causes of article resubmission
and schedule delays. All color figures will be
reproduced in full color in the online edition
of the journal at no cost to authors.

Units and Symbols: Units and symbols
conforming to the International System of
Units (SI) should be used for physicochemical
quantities. Solidus notation (e.g. mg/kg, mg/
mL, mol/mm*/min) should be used. Please
refer to the SI Guide www.bipm.org/en/si/ for
standard units.

Supplemental data: Supplemental data
might be useful for supporting and enhancing
your scientific research and Intractable
& Rare Diseases Research accepts the
submission of these materials which
will be only published online alongside
the electronic version of your article.
Supplemental files (figures, tables, and other
text materials) should be prepared according
to the above guidelines, numbered in Arabic
numerals (e.g., Figure S1, Figure S2, and
Table S1, Table S2) and referred to in the
text. All figures and tables should have titles
and legends. All figure legends, tables and
supplemental text materials should be placed
at the end of the paper. Please note all of
these supplemental data should be provided
at the time of initial submission and note that
the editors reserve the right to limit the size
and length of Supplemental Data.

5. Submission Checklist

The Submission Checklist will be useful
during the final checking of a manuscript
prior to sending it to Intractable & Rare
Discases Research for review. Please
visit Download Centre and download the
Submission Checklist file.

6. Online submission

Manuscripts should be submitted to
Intractable & Rare Diseases Research
online at http://www.irdrjournal.com. The
manuscript file should be smaller than 5
MB in size. If for any reason you are unable
to submit a file online, please contact
the Editorial Office by e-mail at office@
irdrjournal.com

7. Accepted manuscripts

Proofs: Galley proofs in PDF format will be
sent to the corresponding author via e-mail.
Corrections must be returned to the editor
(office@irdrjournal.com) within 3 working
days.

Offprints: Authors will be provided with
electronic offprints of their article. Paper
offprints can be ordered at prices quoted on
the order form that accompanies the proofs.

Page Charge: No page charges will be
levied to authord for the publication of their
article except for reprints.

(As of February 2013)
Editorial and Head Office:

Pearl City Koishikawa 603
2-4-5 Kasuga, Bunkyo-ku
Tokyo 112-0003, Japan

Tel: +81-3-5840-9968

Fax: +81-3-5840-9969

E-mail: office@irdrjournal.com
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