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Abstract
Exosomes are nanovesicles secreted from various types of cells and can be
isolated from various bodily fluids, such as blood and urine. The number and
molecular contents, including proteins and RNA of exosomes, have been shown
to reflect their parental cell origins, characteristics and biological behaviors. An
increasing number of studies have demonstrated that exosomes play a role in the
course of tumorigenesis, diagnosis, treatment and prognosis, although its precise
functions in tumors are still unclear. Moreover, owing to a lack of a standard
approach, exosomes and its contents have not yet been put into clinical practice
successfully. This review aims to summarize the current knowledge on exosomes
and its contents in esophageal cancer as well as the current
limitations/challenges in its clinical application, which may provide a basis for
an all-around understanding of the implementation of exosomes and exosomal
contents in the surveillance and therapy of esophageal cancer.

Key words: Exosome; Esophageal cancer; Tumorigenesis; Biomarker; Therapeutic
potential
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Core tip: The exosome is a popular area of current research. Numerous studies have
shown that exosomes may play an important role in the progression of esophageal
cancer, but have not yet been applied to the clinic. This review systemically summarized
the current knowledge on exosomes and its contents in esophageal cancer and pointed
out the current limitations in its clinical application. This paper may provide a basis for
an all-around understanding of the implementation of exosomes in esophageal cancer.
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INTRODUCTION
Exosomes  were  first  discovered  by  Johnstone  and  Pan  while  studying  the
transformation  from  reticulocyte  to  mature  red  blood  cells  in  1987.  Originally,
exosomes were considered a form of waste discharge in the process of reticulocytes
differentiating into mature red blood cells. Interestingly, further studies found that
exosomes from intracellular multivesicular bodies that fuse with cell membranes and
then released into the extracellular matrix are membrane nanoscale vesicles with a
diameter of 50-150 nm and have a lipid bilayer membrane structure[1].  Moreover,
studies have found that exosomes can be secreted from a variety of cells including red
blood  cells,  T  cells,  B  cells,  dendritic  cells  and  tumor  cells[2-5]  and  are  widely
distributed in various body fluids, such as blood, urine, saliva and milk.

Exosomes  contain  various  types  of  biologically  active  substances,  including
proteins, lipids, DNA fragments and RNA, such as microRNA (miR), circular RNAs
(circRNAs),  long  non-coding  RNA  and  mRNA[6].  Researchers  found  that  these
biologically active substances contained within the exosomes may participate in the
immune response, antigen presentation, intercellular communication, transport of
proteins  and RNA and many other  physiological  processes[7-9].  It  suggested that
exosomes  are  a  crucial  intercellular  organelle  and communication  media.  Thus,
exosomes may play a pivotal role in the diagnosis and therapy of various diseases
including tumors.

There were 455800 newly diagnosed esophageal cancer (EC) patients and 400200
deaths worldwide in 2012[10]. Just in China, there were approximately 477900 new
cases and 375000 deaths in 2015[11]. Recent studies have shown that exosomes secreted
from various cells including tumor cells,  irradiated T cells[12]  or tumor associated
fibroblasts[13] and exosomal contents may play important roles in EC development.
Therefore,  exosomes  may  be  of  value  as  a  diagnostic/prognostic  tool  and  as  a
therapeutic target in EC (Figure 1).

PubMed, MEDLINE advanced search builder and Geenmedical was used for this
review’s literature search.  The terms searched were “exosome” and “esophageal
cancer,”  and the  time period was restricted from 2008 to  2018.  Then we further
screened the  retrieved  articles  according  to  (1)  the  formation  and regulation  of
exosomes and (2) the research progress of exosomes in EC. Cross references were also
screened for papers relevant to this paper. Here we reviewed relevant articles from
the  last  10  years  with  the  aim  of  summarizing  the  function  of  exosomes  in
tumorigenesis, diagnosis and treatment of EC (Table 1).

EXOSOME AND ESOPHAGEAL CANCER TUMORIGENESIS
Recent studies found that exosomes derived from many cancer cell types, including
glioblastoma[14], tongue cancer[15], thyroid carcinoma[15], breast cancer[17], EC[18], etc, may
play a crucial part in the course of tumor formation and cancer metastasis by transfer
of exo-miRNA, exo-circRNA, exo-DNA and exo-protein.

Promotion of tumor proliferation
Researchers  have  found  that  exosomes  are  involved  in  tumor  proliferation  by
transferring exo-microRNA. MiR-93-5p[18] can be transferred between EC9706 cells by
exosomes and may downregulate the expression of p21 and Cyclin D1 through the
PTEN/PI3K/Akt pathway to promote the proliferation of EC cells. Ke et al[19] found
that  the  overexpression  of  miR-25  and  miR-210  in  EV–Co-Cultured  (EV:  the
extracellular vesicle secreted from esophageal adenocarcinoma (EA) cells) gastroids
decreased the mRNA levels of PTEN and AIFM3, respectively, which are known
tumor suppressor genes[20,21].

Promotion of invasion and metastasis of tumors
Exosomes and epithelial-mesenchymal transition: A large number of studies have
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Figure 1

Figure 1  The role of exosomes in esophageal cancer. CTLs: Cytotoxic T lymphocytes; MVB: Intracellular multivesicular body. Red line and cross bar: Inhibit;
Green arrow: Promote.

indicated that epithelial-mesenchymal transition (EMT) is closely related to cancer
metastasis[22-26]. Recent studies found that exosomes may be involved in the course of
tumor metastasis by EMT. Min et al[12] found that exosomes derived from irradiated T
cells showed the potential role of promoting metastasis of TE13 cells in vitro, possibly
by promoting EMT through regulating β-catenin and the NF-κB/snail pathway. A
recent study demonstrated that overexpression of exosomal circPRMT5 in urothelial
carcinoma of the bladder tissues could also promote the EMT process in vivo and in
vitro  through the  miR-30c  sponge[27].  However,  exosomal  circRNA has  not  been
reported in the pathogenesis of EC. Thus, further studies on the relationship of exo-
circRNA and EMT in tumors is needed.

MiR-21: A study has shown a high expression of miR-21 in EC cells and the exosomes
secreted by them, and the expression of miR-21 is higher in exosomes than in their
donor cells[28,29]. Exosome-shuttling miR-21 overexpression from parental cells could
target programmed cell  death 4 protein thus activating its  downstream c-Jun N-
terminal kinase signaling pathway and distinctly promote the migration and invasion
of recipient cells.

Stathmin-1: Stathmin-1 is a microtubule-destabilizing cytosolic phosphoprotein that
plays  an  important  role  in  tumor  cell  proliferation  and  migration  and  may  be
regulated by miR-34a[30,31], miR-223[32] and miR-193b[33]. It is associated with cancer
metastasis and poor prognosis in osteosarcoma[31,34], prostate cancer[35,36], head and
neck squamous cell carcinoma[37], hepatocellular carcinoma[32], colorectal cancer[33,38],
gallbladder carcinoma[39] and non-small-cell lung cancer[40]. In esophageal squamous
cell carcinoma (ESCC), stathmin-1 is also vital for ESCC invasiveness and predicts a
poor prognosis[41].  Knockdown stathmin-1 expression enhanced the sensitivity of
ESCC cell line to docetaxel and radiation[42]. Stathmin-1 can be delivered by exosomes
and  then  promote  the  division,  growth,  migration,  and  invasion  of  esophageal
squamous cells[43].

Others: In addition, studies demonstrated that the downregulation of the ECRG4 gene
in serum exosomes of oral squamous cell carcinoma patients was closely related to
tumor  growth  in  vitro  and  in  vivo[44].  MiR-221-3p  from  cervical  squamous  cell
carcinoma exosomes transferred into human lymphatic endothelial cells to accelerate
lymphangiogenesis and lymphatic metastasis via downregulating vasohibin-1[45], but
their relationship in EC requires further research.

EXOSOMES AS BIOMARKERS FOR EARLY DIAGNOSIS
AND PROGNOSTIC PREDICTION OF ESOPHAGEAL CANCER
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Table 1  The function of exosomes in esophageal cancer

Function Exosome or its cargo Pathway Expression Ref.

Tumorigenesis miR-93-5p PTEN/PI3K/Akt up
[15]

miR-25 miR/PTEN mRNA up
[16]

miR-210 miR/AIFM3 mRNA

Ir-T cell-derived exosomes NF-κB up
[9]

miR-21 JNK up
[29,30]

Stathmin-1
[44]

Diagnosis and prognosis Quantification of exosomes
[50]

miR-93-5p up
[15]

miR-1246 up
[55]

miR-21 up
[29]

miR-223-3p down
[57,58]

miR-584 down
[58]

Stathmin-1 up
[44]

Therapy lncRNA PART1 up
[12]

moDcs-derived exosomes
[65]

Ir-T cell: Irradiated T cells; JNK: c-Jun N-terminal kinase; lncRNA: Long non-coding RNA; miR: MicroRNA;
moDcs: Monocyte-derived dendritic cells.

Studies have confirmed that the number or contents (including RNA and proteins) of
exosomes in the circulating blood are of use as a biomarker for cancers, such as lung
cancer[46], prostate cancer[47], colorectal cancer[48], as well as EC[18,28,43,49].

Exosome quantification
Matsumoto et al[49] established mouse subcutaneous tumor models by injecting human
ESCC cell  line  (TE2-CD63-GFP)  and detected tumor-derived exosomes from the
plasma in  the  mouse  model.  They  also  recruited  66  ESCC patients  and 20  non-
malignant patients to measure exosomes separated from 100 µL of each individual’s
plasma and analyzed the relationship between the prognosis of ESCC cases and the
plasma exosome amount. Results showed that ESCC patients had more exosomes
than in non-malignant patients.  The 3-year overall  survival  rate of  patients with
higher levels of exosomes was 79.2%. However, the 3-year overall survival rate of
patients with lower levels of exosomes was 47.2%. The molecular mechanism and the
major donor cell require further research.

Exosome microRNA
MiRNAs, a large family of small, noncoding RNAs, are enriched in exosomes and
could regulate the expression of their target genes. MiRNAs are relatively stable,
which can in part represent the level of miRNAs in its donor cell. Numerous studies
have indicated that aberrant expression levels of exosomal miRNAs are closely related
to the onset of multiple diseases, including cancer. MiR-21, miR-25, miR-93, miR-192,
and  miR-210  are  widely  studied  oncogenic  miRNAs,  and  have  been  studied  as
biomarkers for some kinds of human cancers[50,51].

MiR-93-5p: MicroRNA-93-5p can be transferred between EC9706 cells by exosomes
and promote the proliferation of recipient EC9706 cells. Liu et al[18] also found that the
expression of miR-93-5p was statistically different (P = 0.035) between EC patients
and healthy participants (the former being 1.39 times higher than the latter).  The
upregulation of plasma miR-93-5p in ESCC patients increased the risk of EC. The
Cancer Genome Atlas data analysis also showed that miR-93-5p expression differs in
tissues and is associated with patient survival. Therefore, miR-93-5p may be a plasma
biomarker for the diagnosis and prognosis of EC.

MiR-1246:  MiR-1246 is  another  cancer  associated miRNA dysregulated in many
malignant tumors[52,53]. Takeshita et al[54] used ESCC cell lines (including TE1, TE2, TE4,
TE6 and TE11) to evaluate the diagnostic and prognostic values of the exo-miR-1246
and estimated the miR-1246 level in peripheral blood of ESCC patients. In the serum
samples of ESCC patients, the sensitivity and specificity of miR-1246 were 57.4% and
67.4%, respectively. The area under the curve of receiver operating characteristic
curve was 0.665 when setting the optimal cut-off value to 1.15 for squamous cell
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carcinoma (SCC)-Ag. Furthermore, the miR-1246 expression level of the lymph nodes
in adjacent stations was apparently higher than that of the distant lymph nodes.

MiR-21:  One microarray data analysis[28]  showed that a total of 15 miRNAs were
upregulated  in  the  plasma  of  ESCC  patients  compared  with  healthy  control
participants. They were hsa-miR-16-5p, hsa-miR-130a-3p, hsa-miR-15a-5p, hsa-miR-
144-3p, hsa-miR-19b-3p, hsa-miR-5196-5p, hsa-miR-25a-3p, hsa-miR1914-3p, hsa-miR-
93-5p, hsa-miR-107, hsa-miR-3911, hsa-miR-21-5p, hsa-let-7d-3p, hsa-let7i-5p and hsa-
miR-1290. In contrast, four miRNAs including hsa-miR-1238-3p, hsa-miR-6069, hsa-
miR-191-3p, hsa-miR-4665-3p and hsa-miR-937-5p were downregulated. One case-
control study on the correlation between exosome-shuttling miR-21 and EC morbidity
indicated that the relative expression of miR-21 was 2.95 times higher in EC patient
plasma compared to healthy controls. Furthermore, conditional logistic regression
analysis showed that the higher miR-21 was expressed, the higher the EC incidence
risk was (odds ratio: 1.107; 95% confidence interval: 1.012-1.21; P = 0.026). The area
under the curve value was 0.60 to show the diagnostic value of exosome-shuttling
miR-21 in ESCC patients.

MiR-223-3p:  Exo-miRNAs are  also  important  biomarkers  for  EA diagnosis  and
progression[55].  Warnecke-Eberz et  al[56]  first  isolated exosomes from serum of EA
patients and compared exosomal miRNA profiles in matching primary tumors with
adjacent tissues. Results showed that a total of eight miRNAs (miR-126-5p, miR-146a-
5p, miR-192-5p, miR-196b-5p, miR-223-3p, miR-223-5p, miR-409-3p and miR-483-5p)
were significantly overexpressed. Conversely, ten miRNAs (miR-22-3p, miR-23b-5p,
miR-27b-3p, miR-149-5p, miR-203-5p, miR-224-5p, miR-452-5p, miR-671-3p, miR-944-
5p and miR-1201-5p) were significantly downregulated. They also detected that miR-
223-3p was overexpressed in T2-staged adenocarcinoma patients and was higher than
that in T3 tumors. There was no statistical difference in the overexpression of miR-
223-5p and miR-483-5p in EA and ESCC. This result is consistent with the research of
Zhou et al[57].

MiR-584: A four-stage study[57] including screening, training, testing and validating
identified  that  miR-106a,  miR-18a,  miR-20b,  miR-486-5p  and  miR-584  were
upregulated,  but  miR-223-3p was downregulated in the plasma of  patients  with
ESCC. MiR-584 was also overexpressed in ESCC tissues. This result is consistent with
the data in The Cancer Genome Atlas database. Furthermore, exosome miR-584 in
plasma was consistently dysregulated. Therefore, miR-584 could play an important
role in the early diagnosis of ESCC.

Exosome proteins
Stathmin-1 was abundant in exosomes and could enter peripheral blood loaded by
exosomes[43]. Yan et al[43] found that the serum levels of stathmin-1 in ESCC patients
with  lymph node metastasis  were  significantly  higher  compared with  the  cases
without lymph node metastasis.  As the stage increased,  its  sensitivity improved
accordingly.  They also measured the serum levels of stathmin-1 in patients with
various cancers. When setting the diagnostic critical value to 4.47ng/mL, the positive
rates of stathmin-1 were 81.0% (295/364) for ESCC, 68.8% (33/48) for head and neck
squamous cell carcinoma, 71.2% (37/52) for lung squamous cell carcinoma, 50.9%
(27/53) for lung adenocarcinoma, 27.1% (16/59) for gastric cancer, 43.9% (25/57) for
colorectal cancer and 45.3% (24/53) for hepatocellular carcinoma. The area under the
curve value of stathmin-1 for SCC was over 0.8, but it was lower than 0.7 for other
types of cancer. Thus, stathmin-1 showed excellent diagnostic capability for SCC and
may be a serology biomarker for SCC in the clinic, especially for ESCC.

EXOSOMES AND ESOPHAGEAL CANCER THERAPEUTIC
POTENTIAL

Chemotherapy
Kang et  al[15]  demonstrated  that  long non-coding RNA PART1,  as  a  competitive
endogenous RNA, regulated and transported by exosomes, took part in the formation
of drug resistance in ESCC patients via the STAT1-long non-coding RNA PART-Bcl-2
pathway in a gefitinib drug-resistant cell line. We hypothesize that the level of PART1
in exosomes is a promising diagnostic serological biomarker to evaluate the clinical
benefits of gefitinib therapy in ESCC patients.

Radiation therapy
Radiotherapy is one of the main treatment methods for EC. Several studies have
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shown that exosomes derived from the exposed cells in the microenvironment could
increase the curative effect of radiotherapy through the bystander effect and abscopal
effect[58-61]. For example, exosomes derived from mesenchymal stem cells are the main
determinant in enhancing radiation effects in the metastatic spread of melanoma cells.
More often than not  the  reason might  be  that  exosome-derived factors  could be
involved in the bystander and abscopal effects when combining radiotherapy with
mesenchymal stem cells[62]. Recently, Bruton et al[63] presented an unusual case of the
abscopal effect in EA with distant metastasis. After palliative radiation therapy to this
patient,  they observed a complete response of the irradiated tissues, the primary
tumor and adjacent lymph nodes, as well as non-irradiated distant lymph nodes. One
year later, the patient is still cancer-free. This case inspires the hope that advanced
understanding of the abscopal effect of radiation therapy increases the effect of EA
and improves patient outcomes.

Immunological therapy
An in vitro study[64] revealed that immunotherapy, which was based on dendritic cells,
could generate monocyte-derived dendritic cells (moDcs). The moDcs were powerful
enough to  induce  cytotoxic  T  lymphocytes.  Advanced study demonstrated  that
SART1 peptide-specific cytotoxic T lymphocytes could be induced by moDcs-derived
exosomes, which had antigen presenting ability. Therefore, exosomes may play a
potent part in the immunotherapy of EC.

Targeted therapy
Targeted therapy, also known as bio-missile, is a treatment for established cancer-
causing sites at the cellular and molecular level. As is well known, exosomes are cell-
derived natural nanometric vesicles, widely existing in body fluids and participate in
the processes of many diseases,  including cancer.  There are many advantages of
exosome-based  nanometric  vehicles:  non-toxic,  safe,  non-immunogenic  and
programmable to have a strong delivery capacity and targeting specificity. Therefore,
some scholars proposed to make exosomes a biological carrier to deliver anti-cancer
drugs and genes for cancer stem cell-targeted therapy[65,66]. Jc Bose et al[66] found that
delivery of anti-miR-21 could inhibit the overexpression of endogenous oncogenic
miR-21  in  tumor  cells.  Exosome-mediated  anti-miR-21  delivery  attenuates
doxorubicin resistance in breast cancer cells. This makes the killing-cell efficiency of
doxorubicin three times higher than that with doxorubicin alone. They also verified
the biodistribution in vivo, tumor specific accumulation of anti-miR-21 loaded TEV-
GIONs (gold-iron oxide nanoparticles) and its theranostic property. In summary,
exosomes are expected to be used as targeted therapeutic vectors for various cancers,
including EC in the near future.

OTHER ROLES OF EXOSOME IN ESOPHAGEAL CANCER
A study[13] demonstrated that dysregulated miR-33a, miR-1, miR-326, miR-133a/b,
miR-548h,  miR-603,  miR-141-5p,  miR-429,  miR-26a  and  miR-548k  contained  in
exosomes from tumor associated fibroblasts next to EC cells were all involved with
stromal remodeling including endocytosis, adhesion, gap and tight junction, focal
adhesion, actin cytoskeleton regulation and ubiquitin-mediated proteolysis in tumor
microenvironments through targeting different mRNA molecules.

CONCLUSION
Exosomes are another newly discovered vehicle of efficient cell communication in
addition to classical  intercellular communication (including signaling molecules,
membrane  binding,  channels,  etc.).  It  is  an  important  component  of  the  tumor
microenvironment and plays a complex role in the progression and treatment of EC.

To date, the research on exosomes in EC has been successful, but some problems
still need to be solved in the clinical diagnosis and treatment of EC. Although studies
have shown that the number and molecular contents of exosomes in patients with EC
may be helpful for the diagnosis, there are still some questions worth thinking about
and require more efforts to solve. Which part of the blood or which content is more
sensitive? Is the RNA and protein of the circulating exosomes more sensitive than the
corresponding circulating RNA and protein? What should the diagnostic criteria
related to exosomes be? Last but not least, the same miRNA plays the opposite role in
different cancers. For example, miR-93-5p can promote the formation of EC, lacrimal
adenoid cystic carcinoma[67,68] and hepatoma development[69], but it was proved that
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miR-93-5P may inhibit epithelial ovarian carcinoma tumorigenesis and progression by
targeting Ras homolog gene family member C[70].  Therefore,  we should consider
comorbidities when analyzing the cause of tumor formation. In conclusion, we need
to analyze the role and specific mechanisms of exosomes in the formation, monitoring
and treatment of EC in a multifaceted way.
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Abstract
Celiac disease (CeD) is an autoimmune disorder, mainly affecting the small
intestine, triggered by the ingestion of gluten with the diet in subjects with a
specific genetic status. The passage of gluten peptides through the intestinal
barrier, the uptake by antigen presenting cells and their presentation to T cells
represent essential steps in the pathogenesis of the disease. CeD prevalence varies
in different populations, but a tendency to increase has been observed in various
studies in recent years. A higher amount of gluten in modern grains could
explain this increased frequency, but also food processing could play a role in
this phenomenon. In particular, the common use of preservatives such as
nanoparticles could intervene in the pathogenesis of CeD, due to their possible
effect on the integrity of the intestinal barrier, immune response or microbiota. In
fact, these alterations have been reported after exposure to metal nanoparticles,
which are commonly used as preservatives or to improve food texture,
consistency and color. This review will focus on the interactions between several
food additives and the intestine, taking into account data obtained in vitro and in
vivo, and analyzing their effect in respect to the development of CeD in
genetically predisposed individuals.

Key words: Celiac disease; Food additives; Metallic nanoparticles; Gluten; Intestine;
Immune system
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Core tip: Celiac disease (CeD) is a common autoimmune disorder caused by the
ingestion of gluten. Its frequency has been increasing, and several factors have been
analyzed as possible triggers; among them also food additives should be taken into
account. Several nanoparticles are used as food additives or preservatives, and they can
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interact with the intestine or the immune system, increasing, in theory, the immune
response towards gluten. The scope of this review is to analyze the data present in the
literature with respect to the pathogenetic mechanisms involved in the development of
CeD.
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CELIAC DISEASE PATHOGENESIS
Celiac disease (CeD) is a multifactorial disorder, characterized by the presence of an
autoimmune response that  mainly involves  the small  intestine,  triggered by the
ingestion  of  gluten  from  wheat,  barley,  and  rye  in  genetically  predisposed
individuals. CeD genetic background is quite complex, and partially still unknown.
About  40% of  the  genetic  predisposition relies  on genes  localized in  the  human
leukocyte antigen (HLA) region, mainly on those encoding for specific class II HLA
molecules, namely DQ2.5 and DQ8 heterodimers. The combination of the HLA alleles
DQA1*0501 and DQB1*0201 generates the HLA-DQ2.5 heterodimer, which is detected
in more than 90% of Caucasian CeD patients (either in cis or in trans), whereas the
remaining patients carry the HLA-DQ8 heterodimer, encoded by DQA1*03 (α chain)
and DQB1*0302 (β chain).  However,  the presence of  the DQ2 heterodimer is  not
sufficient for the development of CeD. In fact, the HLA-DQ2 haplotype is present in
30%-35% of the Caucasian population (in which CeD has a high prevalence), but only
2%-5% of gene carriers develop CeD[1]. Using the Genome Wide Association Study
approach, several additional loci have been identified as predisposing to CeD, but in
total they account for about 50% of the genetic component.

Although the genetic background is essential for the development of CeD, research
has started to focus on the possible environmental factors (apart from gluten) that
could trigger the disorder. This could be quite important, since several data suggest
that  the  prevalence  of  CeD  is  increasing,  and  cases  are  now  reported  even  in
populations that were thought to have a negligible prevalence of this disease. A study
performed in United Kingdom showed a four-fold increase in CeD incidence rate over
a period of 22 years, but regional differences were present[2]. Even if this increased rate
could be explained by a different awareness of the problem by physicians, or by the
use of an easier serological diagnosis and a casefinding approach, there is still some
evidence which suggests that this raise in the prevalence/incidence of the disease is a
real phenomenon. Evaluation in a Scottish pediatric population revealed that, in two
decades, the incidence of children with nonclassical CeD had increased dramatically
(attributable  to  better  diagnosis),  but  also  the  number  of  patients  with  classical
manifestations had quadrupled (thus suggesting a real variation in CeD frequency)[3].
Moreover,  similar  data  have  been  observed in  Finland as  well  as  in  the  United
States[4-6].

To identify the possible additional environmental causes it is necessary to dissect
the various steps involved in CeD pathogenesis.  The ingested gluten undergoes
digestion,  which generates several  small  peptides,  including the 33 mer peptide
(residues 57 to 89 of α-gliadin), a celiac “superantigen” able to stimulate T cells[7], or
the 31-43 peptide (from residues 31 to 43 of α-gliadin), which can have a toxic effect
on intestinal mucosa[8]. However, in order to trigger the autoimmune response these
peptides need to cross the gastrointestinal barrier and reach the lamina propria. This
passage can take place using two different routes, namely the transcellular and the
paracellular one. The first is a vesicle-mediated passage which involves endocytosis
on  the  luminal  side  of  enterocytes,  followed by  transcytosis  and  release  on  the
basolateral  side.  Thus,  in  theory,  substances  which  are  able  to  make  the  gluten
peptides more prone to be captured on the apical side and transported could play a
role in the pathogenesis of CeD. Conversely, paracellular transport depends on tight
junctions (TJ) and the correct expression/interaction of the proteins that maintain
junction functionality. Therefore, agents able to induce inflammation and/or cytokine
release could cause the rearrangement of proteins such as ZO-1 or occludin, causing a
loss  of  function  of  TJ  and,  in  turn,  an  increased  paracellular  passage  of  lumen
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substances, such as gluten peptides.
Once gluten peptides have crossed the intestinal barrier, they are further processed

in the submucosa; due to their high content in glutamine, proline and hydrophobic
amino acid residues, these peptides are excellent substrates for transglutaminase 2
(TG2) which deamidates them. This processing increases negative charges, allowing
the gluten peptides to bind more strongly to HLA-DQ2 (or HLA-DQ8). Better antigen
presentation results in CD4+ Th1 T-cell activation that, in turn, will cause activation of
intraepithelial lymphocytes, crypt hyperplasia and villus atrophy, as well as B cell
stimulation  and the  production  of  auto-antibodies  directed  against  deamidated
gliadin peptides and TG2 (Figure 1A).

Given these data, food additives could have a role in triggering the development of
CeD if they are able to alter the gastrointestinal barrier, antigen presentation or the
activation of the immune system. Although there are currently few experimental
published data that specifically address the interaction between food additives and
CeD, there are at least three possible categories that should be analyzed, namely
transglutaminase, gluten nanoparticles and metallic nanoparticles.

USE OF TRANSGLUTAMINASE IN FOOD PREPARATION
The use of transglutaminase in food processing belongs to the various techniques that
industries  in  the  field  currently  use  to  modify  the  proteins  present  in  aliments.
Microbial  transglutaminases  (mTGs),  like  human  ones,  catalyzes  acyl  transfer,
deamidation and crosslinking between glutamine (acyl donor) and lysine (acceptor).
These reactions can profoundly modify a large amount of proteins constituting food
matrices and this, in turn, can improve several food properties such as texture and
stability; more interestingly, these changes can take place without affecting other food
characteristics like taste or nutritional value. For these reasons, the possible ingestion
of microbial tranglutaminases, due to its use in food processing, has been recognized
as safe by Food and Drug Administration[9].

Currently mTGs are is used in several processed foods since, among others, their
use increases the water retention capacity of proteins, fact that could help to increase
the juiciness of products such as meat, or emulsion properties that are important in
food  characterized  by  creamy  texture  (e.g.,  yogurt) [10].  Moreover,  bacterial
transglutaminase treatment has also been applied to cereal proteins (including wheat
protein); its use can improve stability, elasticity and water retention of the dough, and
for this reason it has also been employed in the preparation of gluten-free food[11-12].

Due to the pivotal role of transglutaminase in the pathogenesis of CeD, its use in
food preparation has raised some concern.  Transglutaminases  can act  on gluten
peptides, making them more immunogenic, but it must also be remembered that TG2
is  itself  an  autoantigen,  and  the  ingestion  of  mTGs  could  also  generate  an
autoimmune response through a molecular mimicry mechanism. The comparison of
the primary and tertiary structure of a commonly used mTGs with TG2 reveals little
homology, although both are able to bind gluten peptides using similar aminoacids[13].
Moreover, mTGs can deamidate gluten peptides, making them more immunogenic, as
assessed in an in vitro system that employed gluten-specific T cells isolated from the
duodenum of celiac patients[14].

Few papers have tried to assess the possible correlation between the use of bacterial
transglutaminase and CeD, but most of them are only based on peptide-patients’
antibody interaction. An initial investigation performed using sera from nine celiac
patients  suggested  that  treatment  of  wheat  with  mTGs increases  the  IgA-based
reactivity, and to a lesser degree when mTGs were used to treat gluten-free bread[15].
Matthias et al[16] evaluated the presence of antibodies directed against either human or
bacterial transglutaminase (alone or bound to gluten peptides) in pediatric patients
with or without CeD. In the serum of CeD patients,  they could detect antibodies
against mTGs, although prevalently IgG rather than IgA (as commonly observed
against TG2), whereas they were not present in controls. The authors also found a
correlation between serum levels  of  antibodies  against  mTG-peptides  and TG2-
peptides,  as  well  as  between these  serum titer  and intestinal  damage,  and they
suggested a causal role of this food supplement in the development of CeD. Different
results were observed by Ruh et al[17], who extracted gliadin from pasta treated or
untreated with mTGs and employed it to assess possible reactivity with circulating
antibodies present in CeD patients. The authors detected a huge variation among
patients, but no difference in reactivity between the two types of gliadin. These results
were also confirmed by Heil et al[18].

On the contrary, in theory, the use of mTGs could also be useful to decrease the
immunogenicity  of  gluten,  but  in  order  to  do  so  the  enzyme  has  to  be  used  in
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Figure 1

Figure 1  Role of Food additives in the pathogenesis of celiac disease. A: The pathogenesis of celiac disease involves the digestion of gluten in the gut lumen,
the increased passage of gluten peptides through the intestinal epithelium, the deamination by the tissue transglutaminase 2 and the uptake by antigen-presenting
cells. Once the gluten peptides are presented within the HLA class II molecule they activate CD4+ T cells, which in turn trigger the destruction of the tissue by CD8+ T
cells and the production of autoantibodies by B cells. The increase amount of gluten or bacterial transglutaminase used as additive could increase this process; B:
Metallic nanoparticles could affect both gluten passage through the epithelium (paracellularly or intracellularly) or the presentation of the antigen by dendritic bells.
Moreover they can alter the microbiota, influencing gluten processing and/or immune response.

association with acyl-acceptor molecules  such as  lysine[19].  This  pre-treatment of
gluten could in  fact  block the  aminoacids  that  are  the  usual  target  of  TG2,  thus
preventing the modifications that increase the affinity of gluten peptides for the DQ2
molecule[13,20]. Moreover, experiments performed ex vivo on duodenal biopsies of CeD
patients showed that the modification of gluten by mTGs with L-lysine prevented
pro-inflammatory cytokine production[21,22]. Gluten transamidation by mTGs could
thus be used to produce flour of bread with less immunoactive gluten peptides[23,24],
but there are still some issues that need to be clarified, due to the affinity of mTGs for
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the aminoacids usually targeted by TG2 and to the possibility that TG2 overcomes the
modification induced by mTGs.

GLUTEN-BASED NANOPARTICLES
Gluten-based nanoparticles have been mainly developed as a tool for drug delivery,
and have  been  tested  in  particular  for  hydrophobic  drugs[25].  However,  there  is
another use that could be potentially problematic, i.e., the development of coating
matrices for paper and cardboard used for food packaging. Plant-derived proteins
have good film-forming properties, are biodegradable, and can be produced with
moderate costs,  facts  that  make them suitable for  coating food containers.  Some
authors have also combined gluten with nanocellulose and titanium dioxide in order
to  obtain  nanocomposites  able  to  increase  the  resistance  of  paper.  These  na-
nocomposites  also  have  an  antibacterial  activity,  a  quality  that  might  be  very
attractive  for  food-preserving packages[26].  As  will  be  mentioned later,  the  issue
regarding these nanomaterials is that data about the possible release of nanoparticles
in food are needed.

METALLIC NANOPARTICLES
Nowadays several nanoparticles (NPs) are intentionally added to food, beverages and
their packages[27], mainly to preserve aliments[28,29] or to improve their organoleptic
properties (such as taste, consistency and appearance). Consequently, in recent years,
an  increase  of  toxicological  studies  on  food  nanoparticles  has  been  registered.
Although  NP  can  enter  the  body  through  several  routes,  according  to  the
Nanotechnology Consumer Product Inventory (CPI) enlisted in 2014, one of the major
NP  points  of  entry  is  the  gastrointestinal  system[30].  They  also  reported  that
nanomaterials are particularly present in commercial food or food-related products
under the form of metallic nanoparticles (mNP), of which Ag (E174), TiO2 (E171),
ZnO,  Au (E175)  and SiO2 (E551)  NPs  are  the  most  popular.  Briefly,  AgNPs are
particularly used as antimicrobial agent in aliments/beverages, their packages and in
agriculture[29]; ZnONPs are also used as strong antibacterial agents, but they can also
be used as a dietary supplement; E171 is used as a whitening agent in pharmaceutical,
dairy and pastry products; AuNP is mostly present as a contaminant from dental
restoration material or agriculture-derived products (such as seeds)[31,32]; SiO2NP is
employed to improve the organoleptic properties of food and its nutritional values.

In order to evaluate the possible effects of ingested NP, there are several factors that
should be taken into account: (A) NP dimensions: several studies reported as the size
of food mNP might alter their uptake from intestinal cells[33-35]. The smaller the mNP,
the faster and easier will be its passage through the mucous layer and its passage into
the mucosa either by transcellular or paracellular transport; (B) Core material: it could
determine whether NPs remain intact or partially digested by the intestinal fluids. An
important concern is in fact the propensity of NPs to be dissolved and release heavy
metals, which in turn affects NP toxicity. In this sense, AgNP, ZnONP and CuONP
are regarded as the most dangerous food nanoparticles[36,37]. NP core composition also
determines the chemical reactivity, substance adsorption on NP surface, and possibly
the epithelial translocation route[38,39]; (C) Aggregation/agglomeration state: NPs can
arrive into the gut as single entities or in clusters (agglomerates or aggregates[40]). This
feature depends on the NP composition, but also on the physiochemical properties of
the environment. It has been reported that the degree of aggregation/agglomeration
of SiO2-, Ag- and aluminium-NPs can change in artificial mouth, gastric and intestinal
conditions[41-43]. At the same time, this factor also affects NP uptake and toxicity, as
demonstrated  by  McCracken  et  al[44]  and  Albanese  et  al[45];  (D)  Gastrointestinal
environment and food: Physiochemical features of food, beverages, and the gut are
important  factors  that  influence  NP  stability,  size,  surface  composition  and
aggregation/agglomeration state[41,43,44,46,47]. Wang et al[48] and Cao et al[49] demonstrated
a higher oxidative stress-related toxicity exerted by ZnONP when associated with
Vitamin C and palmitic oil, respectively; on the contrary the presence of flavonoids or
quercetin seems to protect against AgNP toxicity[50,51].

Although the daily consumption of metallic NPs is usually thought to be trivial,
this is not the case, in particular if TiO2 is taken into account. Early studies suggested
that  average daily  human consumption of  TiO2 was 5.4  mg per  person[52],  0.035
mg/kg of body weight (b.w.)/d[53] and 5 mg/person[54]. More recent papers, however,
estimated a daily intake of 1–2 mg TiO2/kg b.w. for United States children under 10
years  of  age,  and 0.2-0.7mg TiO2/kg b.w.  for  other  United  States  consumers[55],
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whereas EFSA data reported a range between 0.2 and 0.4 mg/kg b.w. in infants and
the elderly,  and 5.5-10.4  mg/kg b.w.  in  children,  depending on the  exposure[56].
Although these data should be corrected for the percentage on TiO2 NPs present in
the E171, it must be noted that these quantities are not far from the estimates for the
lowest observed adverse effect level (LOAEL) of 5 mg/kg body weight/d derived for
nano  TiO2  by  the  European  Commission’s  Scientific  Committee  on  Consumer
Safety[57].

The effects  of  mNP that  could have a  role  in  CeD development  involve three
different aspects, namely the impairment of the intestinal barrier, the interaction with
the immune system and the possible effect on microbiota (Figure 1B).

Intestinal barrier impairment
The first layer of the small intestinal barrier is a very thin (approximately 20 micron)
layer of mucus, composed of mucin glycoproteins and antimicrobial agents such as
secretory IgA. The second layer is a continuous and tight epithelium, composed of
several specialized cells: at the bottom of the crypts reside stem and Paneth cells,
whereas enterocytes, goblet and enteroendocrine cells are mainly in the villi. What
makes  the  epithelium  a  selective  barrier  is  the  presence  of  highly  dynamic
intercellular junctions, adherent junctions (AJ) and TJ being the most representative.
AJ are composed of transmembrane proteins cadherine, which are connected between
them extracellularly, and with the catenin proteins in the cells. Catenins are in turn
linked to the acti-myosin complex. TJ are formed by occludins, claudins and JAM-A
proteins that interact with zonula occludens proteins and catenins in the intracellular
space. Therefore AJ, TJ and actin cytoskeleton form a complex that can regulate the
permeability (paracellular route) of the intestinal barrier, following intracellular or
extracellular signals.

A growing number of diseases have recently been associated with intestinal barrier
alterations, particularly related to TJ dysfunction. This finding can be easily explained:
gastrointestinal barrier permeability alterations can increase the cut-off of molecules
passing into the submucosa. In physiological conditions, only small molecules with a
molecular weight of about 600da can pass the barrier, but these alterations result in
the passage of immunogenic molecules, the activation of the immune system and the
establishment of an inflammatory state. Since inflammatory mediators are also known
to affect the intestinal barrier, a mild inflammatory status could eventually lead to a
stronger disruption of the barrier itself[58]. Particularly important in this sense is the
association of a leaky barrier with inflammatory bowel diseases (IBD) and several
autoimmune diseases, such as CeD[58-60]. To develop CeD, gluten peptides have to pass
into the submucosa. Therefore, any factors which are able to alter the intestinal barrier
permeability, allowing an higher passage of these peptides into the submucosa, may
increase the number of predisposed subjects developing the disease.

In  2015  Lerner  and Matthias[61]  observed that  the  increase  in  the  incidence  of
autoimmune  diseases  (considering  also  CeD among others)  paralleled  with  the
growing use of food additive in the industry.  They therefore postulated that the
permeability alterations induced by food additives could be associated with the
increment in incidence of autoimmune diseases. Although the author did not refer
directly to the mNP, several studies have been performed on their impact on the GI
barrier. Results showed that mNP can alter the intestinal permeability both directly,
by altering the TJ or inducing epithelial cell death[34,62-64], or indirectly, by inducing
inflammation or oxidative stress that in turn can impair TJ and permeability[58,65]. In
this context, the work of Ruiz et al[66] is interesting. It looked at the impact of TiO2NP
both in vivo (mice with DSS-induced ulcerative colitis) and in vitro (intestinal epithelial
cells  and  macrophages).  TiO2NP  oral  administration  worsened  the  already
established colitis  through inflammasome activation.  Also,  in  vitro  stimulations
induced IL-1β and IL18 increment, as well as higher epithelial permeability driven by
the activation of  the inflammasome pathway.  These results  clearly  associate  the
consumption of mNP with an increase of the intestinal permeability, but only when
there is a pre-existent tendency to develop it.

However, even if the studied mNP does not induce permeability alteration, it has to
be considered that the mNPs may absorb the protein itself on its surface and therefore
behave as a “Trojan horse”, increasing the amount of immunogenic molecules that
arrive into the submucosa[67,68]. Thus, in the case of CeD, food NPs could bind gliadin
peptides and help them to cross the intestinal barrier, probably using the endocytotic
pathway.  Several  studies  are  needed  to  test  this  hypothesis,  since  no  data  are
currently available on this topic. Moreover, it will be necessary to take into account
the interaction with other food components[69,70], and with the intestinal mucus[71], since
both components can alter NPs uptake by enterocytes.

On  the  other  hand,  it  must  be  underlined  that  NPs  can  play  a  role  in  the
pathogenesis of other gastroenterological disorders, and concerns have also been
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raised  for  several  evidences  that  linked  NPs,  particularly  the  whitening  agent
E171(TiO2NP), to IBD development[66,72,73].

mNPs and the immune system
mNPs can interact with cells involved in innate and adaptive immune response in
several  organs,  altering cytokine production,  activation of  cell  surface receptors
and/or  cell  maturation  (including  the  ability  of  cells  to  present  antigens)[74-77].
Nanoparticles can be recognized as foreign materials and eliminated by the immune
system, but they can also trigger an excessive activation of immune responses. This
could be useful  should NP be used as an adjuvant in vaccinations,  but  could be
detrimental in case of autoimmune disorders. In particular, the binding of gliadin
peptides to food NP could represent a way by which these specific antigens can be
taken up in great quantity by antigen presenting cells, thus increasing the activation
of the autoimmunity process. Several studies have been performed on macrophage-
like cell lines to assess the effect of metallic NPs, analyzing the cytotoxicity as well as
differences in cytokines production; AgNPs were able to increase the production of
IL-8[78,79], which also depended on NP size[78] whereas TiO2 NPs increased the secretion
of TNF-α and IL-6[80]. Interestingly, Au-NPs induced an alteration in phagocytosis
without variation in cytotoxicity or cytokine gene expression[81], whereas a similar
effect by TiO2 NPs was associated with an inflammatory response[82]. Transcription
profiling on a macrophage cell line treated with different NPs revealed a particular
expression pattern,  thus  suggesting  that  each  metallic  NP can trigger  a  specific
response, also depending on the chemical characteristics of the nanoparticle itself[83].
Silver NPs have been demonstrated to be able to interact with human monocytes,
increasing the production and release of IL-1β, even after the exposure to very low
concentrations[84]. Ag-NP were also able to cause superoxide production, as well as the
formation of inflammasome. Metallic NPs also altered the expression of adhesion
molecules  and  chemokine  receptor  type  4  on  the  surface  of  human  peripheral
lymphocytes[85];  interestingly,  these  effects  were  independent  from  any  sign  of
cytotoxicity, suggesting that the response to NP exposure can be more subtle and
mainly related to gene expression variations. However, NPs can also interact with
cells involved in adaptive immune response, and in vitro data showed that TiO2 NPs
can induce maturation of dendritic cells through the activation of Nf-kB pathway[86], a
process  which is  essential  for  antigen presentation to  T helper  cells.  Again,  this
process could be important in CeD, since antigen presentation by dendritic  cells
represents an essential step for the activation of the autoimmune response.

Nanoparticles and microbiota
Microbiota plays an important role in maintaining the homeostasis of a healthy gut.
Alterations in microbiota composition have been reported both in pediatric as well as
adult CeD patients if compared to controls[87-89], although it is currently still unknown
whether these changes are causative of  the disease or a consequence of  mucosal
alterations.

However,  microbiota  can  be  altered  by  exposure  to  dietary  mNP.  In  vitro
experiments performed on a colon-like microbial community showed that exposure to
small quantities of E171 (comparable to the amount present in two pieces of chewing
gum) was sufficient to alter the phylogenetic composition[90]. Significant changes in the
phyla were also observed in mice treated for 28 d with TiO2NP, with variations
induced by both forms of TiO2NP, namely rutilium and anatase[91].

As already mentioned, silver nanoparticles are employed as antibacterial agents,
and thus it should be expected that they can alter the microbiota composition. In fact,
in mice exposed to increasing doses of AgNP for 28 d, a disturbed bacterial evenness
(αdiversity)  and  populations  (β-diversity)  was  detected  by  Next  Generation
Sequencing. This effect was also dose-dependent. Ag NP increased the ratio between
Firmicutes  (F)  and  Bacteroidetes  (B)  phyla,  results  similar  to  those  observed  in
presence of inflammation[92]. Variation in microbiota composition were also observed
by another group, although results were different regarding the phyla, possibly due
to the different experimental design (rats treated for 14 d)[93].

Last but not least, it must be emphasized that within our gut there is also a viral
component that interacts with the microbiota and the intestinal mucosa. Although
studies evaluating the possible effect of food NP on this component are scanty, initial
data obtained in vitro suggest that Ag-NP can alter the abundance of several viral
species[94].  Since  these  species  can  be  hosted  by  different  categories  of  bacteria
(commensal or pathogenic), changes in intestinal viriome can, in turn, cause alteration
in the microbiota itself.
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CONCLUSIONS
Food additives  could play  an important  role  in  the  pathogenesis  of  CeD,  either
altering gliadin peptides properties or interacting with the intestinal environment, at
the barrier level or with the immune system. Moreover, the increasing use of prepared
food and, in turn, the augmented ingestion of NPs, could be an additional factor in
triggering the development of CeD in genetically predisposed individuals. For this
reason, in vitro and in vivo studies to evaluate these possible interactions are needed.
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Abstract
BACKGROUND
Chronic total occlusion (CTO) is found in 18-31% of patients who undergo
coronary angiography. Successful recanalization of CTOs is associated with
reduced recurrent angina pectoris rates and increased long-term survival.
Although the success rate of CTO percutaneous coronary intervention (CTO-PCI)
has improved, CTO-PCI remains technically challenging. The Fielder XT
guidewire was designed for CTO lesions. To validate whether the use of the
guidewire increases the success rate, we compared the results of CTO-PCI with or
without the guidewire. We hypothesized that the use of Fielder XT guidewire can
increase the success rate of CTO-PCI.

AIM
To investigate whether the use of Fielder XT guidewire increases the final
procedural success of CTO-PCI via the anterograde approach.

METHODS
Between January 2013 and December 2015, a retrospective study was conducted
on 1230 consecutive patients with CTO who received PCI via the anterograde
approach at the General Hospital of Northern Theater Command. The patients
were divided into an XT Group (n = 686) and a no-XT Group (n = 544) depending
on whether Fielder XT guidewire was used. Both groups were compared for
clinical parameters, lesion-related characteristics, procedural outcomes and in-
hospital complications. The data were statistically analyzed using Pearson’s χ2

test for categorical variables, and Students’ t test was used to compare the
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quantitative data. Significant independent factors and a risk ratio with 95%
confidence interval (CI) were assessed by multivariate logistic regression
analysis.

RESULTS
In total, 1230 patients were recruited; 75.4% of the patients were male, and 55.8%
of the patients were in the XT group. The overall success rate was 83.9%, with
87.8% in the XT group. Based on multivariate logistic regression analysis, factors
positively associated with procedural success were the use of Fielder XT
guidewire (P = 0.005, 95%CI: 1.172-2.380) and systolic blood pressure (P = 0.011,
95%CI: 1.003-1.022), while factors negatively associated with procedural success
were blunt stump (P = 0.013, 95%CI: 1.341-11.862), male sex (P = 0.016, 95%CI:
0.363-0.902), New York Heart Association (NYHA) class (P = 0.035, 95%CI: 0.553-
0.979), contrast amount (P = 0.018, 95%CI: 0.983-0.998) and occlusion time (P =
0.009, 95%CI: 0.994-0.999). No significant differences were found between the XT
group and the no-XT group with respect to clinical parameters, lesion-related
characteristics, coronary artery rupture [3 (0.4%) vs 8 (1.5%), P = 0.056], in-
hospital death [2 (0.3%) vs 6 (1.1%), P = 0.079] or in-hospital target lesion
revascularization [3 (0.4%) vs 7 (1.3%), P < 0.099]. However, there were significant
differences between the groups with respect to success rate [602 (87.8%) vs 430
(79.0%), P < 0.001], procedure time [(74 ± 23) vs (83 ± 21), P < 0.001], stent length
[(32.0 ± 15.8) vs (37.3 ± 17.6), P < 0.001], contrast amount [(148 ± 46) vs (166 ± 43),
P < 0.001], post-PCI myocardial infarction [43 (6.3%) vs 59 (10.8%), P = 0.004],
major adverse cardiovascular event [44 (6.4%) vs 57 (10.7%), P = 0.007], side
branch loss [31 (4.5%) vs 44 (8.1%), P = 0.009], contrast-induced nephropathy [29
(4.2%) vs 40 (7.4%), P = 0.018] and no reflow [8 (1.2%) vs 14 (2.9%), P = 0.034].

CONCLUSION
The use of Fielder XT guidewire shortens the Procedure and increases the success
rate of CTO-PCI, and is also associated with reduced complication rates.

Key words: Chronic total occlusion; Percutaneous coronary intervention; Anterograde
wire escalation; Parallel wire technique; Fielder XT guidewire; Success rate

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: This retrospective study aimed to investigate whether the use of Fielder XT
guidewire can increase the final procedural success of chronic total occlusion-
percutaneous coronary intervention via the anterograde approach. We found that the use
of Fielder XT guidewire was positively associated with procedural success based on
multivariate logistic regression analysis. We found no significant differences between
the XT group and the no-XT group with respect to clinical parameters, lesion-related
characteristics, coronary artery rupture, in-hospital death or in-hospital target lesion
revascularization. However, we found significant differences between the groups with
respect to success rate, procedure time, stent length, contrast amount and in-hospital
complications.

Citation: Wang QC, Lin HR, Han Y, Dong H, Xu K, Guan SY, Chen ZH, Hao HX, Bin JP,
Liao YL, Jing QM. Optimal use of fielder XT guidewire enhances the success rate of chronic
total occlusion percutaneous coronary intervention. World J Clin Cases 2019; 7(8): 928-939
URL: https://www.wjgnet.com/2307-8960/full/v7/i8/928.htm
DOI: https://dx.doi.org/10.12998/wjcc.v7.i8.928

INTRODUCTION
Coronary chronic  total  occlusion (CTO),  defined as  a  lesion with total  occlusion
exhibiting thrombolysis in myocardial infarction (TIMI) grade 0 flow in a native vessel
for more than 3 mo, is found in 18%-31% of patients who undergo invasive coronary
angiography[1,2]. Successful recanalization of CTOs has been shown to be associated
with reduced risks of  death,  coronary artery bypass grafting[3],  recurrent  angina
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pectoris[4]  and  increased  long-term  survival[5,6].  In  addition,  failure  of  CTO-
percutaneous coronary intervention (CTO-PCI) is  reported to be associated with
higher subsequent mortality and more frequent major adverse cardiovascular events
(MACE)[7]. Although experience and the introduction of new devices have improved
the success rate of PCI[8], CTO-PCI is still technically challenging. The most common
reason for  CTO-PCI failure is  the failure of  the guidewire to cross the occlusion
segment[9].  Recently, the Fielder XT guidewire was specifically designed for CTO
lesions. It has a soft, tapered polymer-jacketed tip, and has been introduced and used
worldwide.

To validate whether Fielder XT guidewire can increase the success rate of PCI in
CTO lesions, we retrospectively compared data from 1230 consecutive patients with
CTO who received PCI via the anterograde approach at our institution from January
2013 to December 2015. We hypothesized that the use of Fielder XT guidewire can
increase the success rate of CTO-PCI via the anterograde approach.

MATERIALS AND METHODS

Study population
Between January 2013 and December 2015, 1230 consecutive patients with CTO who
received PCI  via  the  anterograde approach at  the  General  Hospital  of  Northern
Theater Command. The study protocol was approved by the local ethics committee,
and all procedures were performed according to current international guidelines[10,11].
All  patients  provided  written  informed  consent.  We  conducted  a  retrospective
analysis of these 1230 patients.

Definitions
CTO was defined as a lesion with total occlusion exhibiting TIMI grade 0 flow in a
native vessel for more than 3 mo. Estimation of the occlusion duration was based on
the first onset of angina symptoms, prior history of myocardial infarction (MI) in the
target vessel territory, or comparison with a prior angiogram. Procedural success was
defined as angiographic success (final residual diameter stenosis < 20% and TIMI
grade 3 flow following recanalization of the CTO). Clinical success was defined as
successful PCI with the patient discharged alive.

Criteria for choice of donors
Patients were candidates for intervention if they had sufficient cardiac function to lie
in the supine position for at least 2 h. To minimize confounding factors, only patients
undergoing primary anterograde CTO-PCI whose target  vessel  was ≥ 2.5 mm in
diameter were included in this study. Patients were excluded if they had more than
one CTO treated during the same PCI procedure, or if there was no clear evidence for
CTO duration ≥ 3 mo.

Study design
Based on the use of Fielder XT guidewire, the patients were divided into two groups:
the XT group (n = 686) and the no-XT group (n = 544). Both groups were compared for
clinical  parameters,  lesion-related  characteristics,  procedural  outcomes  and  in-
hospital complications.

CTO-PCI procedure
All  interventional  procedures  were  performed  using  standard  techniques.  The
selection  of  arterial  access  depends  on  the  characteristics  of  the  target  lesions.
Generally, puncture of one of the right radial arteries or right femoral arteries was
performed. If necessary, puncture of two arteries among the right radial artery, left
radial  artery,  right  femoral  artery  and  left  femoral  artery  were  performed.  We
preferred the Amplatz Left guiding catheter when performing CTO-PCI of the right
coronary artery, and we preferred the EBU or the Extra Backup guiding catheter when
performing CTO-PCI of the left anterior descending (LAD) and left circumflex artery.
The anterograde wire  escalation (AWE) strategy was employed for  anterograde
crossing of the CTO. AWE was usually started with a soft (tip load = 0.8 g), tapered
polymer-jacketed guidewire (such as  Fielder  XT,  Asahi  Intecc,  Japan),  a  tapered
polymer-jacketed guidewire (such as Pilot 50, Abbott, United States), a stiff guidewire
(such as Miracle 6, Asahi Intecc), or a stiff,  tapered guidewire (such as Conquest,
Asahi Intecc).

AWE technique was always performed using an over-the-wire system (such as
Finecross microcatheter, Terumo, Japan, or Corsair microcatheter, Asahi Intecc) to
support the guidewire. A microcatheter allowed rapid exchange of guidewires, while
maintaining wire position and improving guidewire torque response. Microcatheters
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also improve support and enable dynamic alterations of the penetration power of the
guidewire by changing the distance between the microcatheter tip and wire tip. Some
of the preferred wires are able to cross the CTO lesions either directly or with the
support of the over-the-wire system. If the first soft wire entered the subintimal space
of the occlusion segment and failed to cross the CTO lesion, we upgraded to a stiff,
tapered wire for crossing using the parallel wires technique. If the first wire could not
enter the proximal cap of the CTO lesion, we used a higher-tip-load tapered wire to
puncture  the  proximal  cap  and then  downgraded to  a  softer,  tapered  polymer-
jacketed guidewire to cross the occlusion. If the CTO had tortuous vessels or unclear
vascular anatomy, the knuckle wire technique was usually attempted with a polymer-
jacketed guidewire (such as Fielder XT or Pilot 50). Other techniques including the
buddy wire technique, multiwire plaque crushing, subintimal tracking and reentry,
and  balloon  jailing  were  also  employed  as  required.  All  PCI  procedures  were
performed by experienced interventionists who handled at least 50 cases of CTO-PCI
annually.

Statistical analysis
Continuous  variables  are  presented  as  the  mean ±  SD,  and categorical  data  are
presented as  numbers  (proportions).  The  data  were  statistically  analyzed using
Pearson’s χ2 test for categorical variables, and Students’ t test was used to compare the
quantitative data. Significant independent factors and risk ratio with 95% confidence
interval (CI) were assessed by multivariate logistic regression analysis. Analyses were
performed using SPSS software (version 21.0; SPSS Inc., Chicago, IL, United States),
and P < 0.05 (2-sided) was considered statistically significant.

RESULTS

Patients
A total of 1230 patients aged from 31 to 88 years were enrolled, with 74.8% (898/1230)
of the patients being male and 55.8% (686/1230) of the patients in the XT group. The
overall success rate was 83.9% (1032/1230).

Arterial access
The right radial  arterial  access percentage is  38.4% (472/1230);  the right femoral
arterial access percentage is 6.3% (77/1230); the right and left radials arterial accesses
percentage is 33.1% (407/1230); the right radial arterial and right femoral arterial
accesses percentage is 17.1% (210/1230); the right and left femoral arterial accesses
percentage is 5.2% (64/1230).

Parameters predicting the success of CTO-PCI
According to backward logistic regression analysis by Wald’s method, the following
factors  were  positively  correlated  with  successful  CTO-PCI:  Use  of  Fielder  XT
guidewire (P =  0.005,  95%CI:  1.172-2.380) and systolic blood pressure (P =  0.011,
95%CI: 1.003-1.022), while factors negatively associated with procedural success were
blunt stump (P = 0.013, 95%CI: 1.341-11.862), male sex (P = 0.016, 95%CI: 0.363-0.902),
New York Heart Association (NYHA) class (P = 0.035, 95%CI: 0.553-0.979), contrast
amount (P = 0.018, 95%CI: 0.983-0.998) and occlusion time (P = 0.009, 95%CI: 0.994-
0.999) (Table 1).

Clinical characteristics in the two groups
Based on the use of Fielder XT guidewire, the patients were divided into two groups:
The XT group (n = 686; 55.8%) and the no-XT group (n = 544; 44.2%). When clinical
characteristics  from  the  two  groups  were  compared,  we  found  no  significant
differences based on male sex (P = 0.313), age (P = 0.062), height (P = 0.064), body
weight (P = 0.645), body mass index (P = 0.112), systolic blood pressure (P = 0.146),
diastolic blood pressure (P = 0.365), hypertension (P = 0.782), diabetes mellitus (P =
0.988),  previous stroke (P =  0.521),  old MI (P =  0.587),  previous PCI  (P =  0.431),
previous renal insufficiency (P = 0.513), smoking (P = 0.325), alcohol drinking (P =
0.887),  left  ventricular  ejection fraction (P =  0.587),  left  ventricular  end-diastolic
diameter (P = 0.559), serum creatinine (P = 0.577), cardiothoracic ratio (P = 0.089),
NYHA heart function class (P = 0.643) or age ≥ 65 years (P = 0.585) (Table 2).

Lesion-related characteristics in the two groups
The groups were further compared for lesion-related characteristics. The two groups
did not differ significantly in terms of multivessel coronary artery disease (P = 0.609),
lesion calcification (P = 0.423), tortuosity (P = 0.124), bridging collaterals (P = 0.665),
blunt stump (P = 0.787), J-CTO score (P = 0.077), Rentrop class (P = 0.686), CTO vessel
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Table 1  Parameters predicting success of chronic total occlusion-percutaneous coronary
intervention

β coefficient Wald Exp (β) P-value 95%CI of OR

Clinical predictors

Sex, male -0.559 7.780 0.572 0.016 0.363~0.902

Systolic blood pressure 0.012 6.405 1.012 0.011 1.003~1.022

NYHA class -0.307 4.445 0.735 0.035 0.553~0.979

Contrast amount -0.009 5,555 0.991 0.018 0.983~0.998

Lesion-related predictors

Occlusion time -0.003 6.848 0.997 0.009 0.994~0.999

Blunt stump -1.382 6.192 3.982 0.013 1.341~11.862

Use of Fielder XT 0.513 8.060 1.670 0.005 1.172~2.380

Constant -5.668 0.127 0.003 0.722

NYHA: New York Heart Association; CI: Confidence interval; OR: Odds ratio.

(P = 0.570), occlusion length (P = 0.876), or occlusion time (P = 0.796) (Table 3).

Procedural outcomes and in-hospital complications
When  the  procedural  outcomes  and  in-hospital  complications  were  compared
between the two groups, there were no significant differences in coronary artery
rupture [3 (0.4%) vs 8 (1.5%), P = 0.056], in-hospital death [2 (0.3%) vs 6 (1.1%), P =
0.079] or in-hospital target lesion revascularization (TLR) [3 (0.4%) vs 7 (1.3%), P <
0.099] (Table 4); however, there were significant differences with regard to success
rate [602 (87.8%) vs 430 (79.0%), P < 0.001], procedure time [(74 ± 23) vs (83 ± 21), P <
0.001], stent length [(32.0 ± 15.8) vs (37.3 ± 17.6), P < 0.001], contrast amount [(148 ± 46)
vs (166 ± 43), P < 0.001], post-PCI MI [43 (6.3%) vs 59 (10.8%), P = 0.004], MACE [44
(6.4%) vs 57 (10.7%), P = 0.007], side branch loss [31 (4.5%) vs 44 (8.1%), P = 0.009],
contrast-induced nephropathy (CIN) [29 (4.2%) vs 40 (7.4%), P = 0.018] and no reflow
[8 (1.2%) vs 14 (2.9%), P = 0.034] (Table 4).

DISCUSSION
This retrospective study investigated the use of Fielder XT guidewire in CTO-PCI via
the anterograde approach. We focused on the relationship between the use of Fielder
XT guidewire and the success rate of CTO-PCI, and evaluated the occurrence of in-
hospital complications in two groups. The main novel findings of this study are as
follows: (1) The use of Fielder XT guidewire contributes to increasing the success rate
of CTO-PCI via the anterograde approach; and (2) The use of Fielder XT guidewire is
associated with reduced rates of in-hospital complications and stent implantations.

The AWE technique is  the most  common strategy for CTO-PCI,  and polymer-
jacketed guidewires are most frequently used to implement this strategy. Although
Karatasakis et al[12] recently reported that the use of stiff polymer-jacketed guidewires
results in a high CTO crossing rate without increasing the incidence of MACE or
perforation[12], we found that a soft, tapered polymer-jacketed Fielder XT (Figure 1)
guidewire was also effective in crossing the occlusion. Consistent with our results, the
Euro-CTO  club  has  recommended  starting  with  a  soft  (tip  load  <  1  g),  tapered
polymer-jacketed guidewire, not only because of high success rates but also because
of the low risk of distal vessel damage if  the wire fails to cross the lesion[13].  The
existence of microchannels, which partly or completely connect from the proximal cap
to the distal  end of CTO lesions[14]  (Figure 2A),  has also been reported to predict
procedural success[15].  Single wiring displays a high success rate as the initial PCI
strategy for CTO of the LAD, and is generally performed with a tapered guidewire
such as Fielder XT[16] (Figure 2B). The diameter of the Fielder XT guidewire is 230 µm,
while the diameters of the microchannels range from 160 to 230 µm[14]. Therefore, it is
reasonable to select Fielder XT as the initial guidewire. Additionally, microchannels
frequently end at the sidewall of the coronary artery or connect to the side branches
far proximal to the distal end of the CTO lesion. Some of these microchannels may run
longitudinally through the lesion from the proximal to the distal lumen for up to 85%
of the total length of the CTO (Figure 2A). The initial soft, tapered polymer-jacketed
guidewire can easily enter the proximal cap through microchannels, but the wire
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Table 2  Clinical characteristics in the two groups, n (%)

Overall population, n = 1230 XTgroup, n = 686 No-XT group, n = 544 P-value

Sex, male 928 (75.4) 510 (74.3) 418 (76.8) 0.313

Age, yr 61.9 ± 10.3 62.4 ± 9.9 61.3 ± 10.8 0.062

Height, cm 169.5 ± 6.3 169.2 ± 6.3 169.9 ± 6.4 0.064

Body weight, kg 74.0 ± 10.0 74.4 ± 10.7 74.2 ± 10.0 0.645

Body mass index, kg/m2 25.8 ± 3.2 26.0 ± 3.3 25.7 ± 3.1 0.112

SBP, mmHg 137.0 ± 20.8 137.7 ± 20.6 136.0 ± 21.0 0.146

DBP, mmHg 81.0 ± 12.9 81.3 ± 13.1 80.6 ± 12.7 0.365

Hypertension 765 (62.2) 429 (62.5) 336 (61.8) 0.782

Diabetes mellitus 405 (32.9) 226 (32.9) 179 (32.9) 0.988

Previous stroke 95 (7.7) 50 (7.3) 45 (8.3) 0.521

OMI 408 (33.2) 232 (33.8) 176 (32.4) 0.587

Previous PCI 328 (26.7) 189 (27.6) 139 (25.6) 0.431

PRI 119 (9.7) 63 (9.2) 56 (10.3) 0.513

Smoking 693 (56.3) 378 (55.1) 315 (57.9) 0.325

Alcohol drinking 445 (36.2) 247 (36.0) 198 (36.4) 0.887

LVEF, % 60.0 ± 9.0 60.0 ± 9.0 59.8 ± 8.6 0.587

LVEDd, mm 48.4 ± 6.3 48.5 ± 6.4 48.3 ± 6.2 0.559

Serum creatinine, μmol/L 73.0 ± 23.0 72.5 ± 23.9 71.8 ± 21.6 0.577

Cardiothoracic ratio, % 54.0 ± 6.0 53.8 ± 6.1 53.2 ± 6.0 0.089

NYHA heart function class 0.643

Class I 923 (75.0) 510 (74.3) 413 (75.9)

Class II 247 (20.1) 144 (21.0) 103 (18.9)

Class III 60 (4.9) 32 (4.7) 28 (5.1)

Age ≥ 65 yr 532 (43.3) 292 (42.6) 240 (44.1) 0.585

Values represent the mean ± SD or number of patients and proportion (%). SBP: Systolic blood pressure; DBP: Diastolic blood pressure; OMI: Old
myocardial infarction; PRI: Previous renal insufficiency; PCI: Percutaneous coronary intervention; LVEF: Left ventricular ejection fraction; LVEDd: Left
ventricular end-diastolic diameter; NYHA: New York Heart Association.

frequently goes into the sidewall of the coronary artery and results in forming intimal
dissection (Figure 2C). It may also go into the side branches of the occlusion segment
(Figure 2D).  In such situations,  the parallel  wire  technique,  which is  based on a
middle-hard guidewire with a tapered tip, is the best approach to solve the problem.
First, the initial guidewire in the false lumen or side branch is left both as a marker
and to obstruct the false channel. Second, a second tapered guidewire is used to trace
the exact path as the first wire. After the tip of the second guidewire reaches the point
where the first  guidewire appeared to divert  from the true lumen, the tip of  the
second guidewire is intentionally directed into the true lumen (Figure 2E and F). In
this case, the second guidewire usually has a high crossing rate and a low side branch
occlusion rate. If the second guidewire fails to enter the true lumen, the AWE strategy
for CTO will usually involve switching from a middle-hard guidewire with a tapered
tip to a stiff guidewire with a tapered tip. If the initial guidewire had already crossed
the occlusion segment and entered the subintimal region of the distal cap (Figure 2G),
an anterograde dissection reentry (ADR) strategy can be employed. This is usually
attempted to minimize the length of the dissection by reentry into the distal true
lumen using a stiff guidewire with a tapered tip immediately after the distal cap of
the occlusion segment (Figure 2H).  If  an initial  stiff  guidewire has been used to
puncture the proximal cap, it is important to downgrade to a soft, tapered polymer-
jacketed guidewire, such as Fielder XT, to reduce the risk of perforation and increase
the chance of tracking the vessel[17].

In the present study, we found that a strategy based on the initial use of Fielder XT
guidewire significantly increased the success rate of CTO-PCI via the anterograde
approach. This may have been partially attributable to the existence of microchannels
with a diameter of approximately 160-230 µm in the CTO lesions. The number of
microchannels has been reported to decrease with CTO maturation[18]. Other studies
have  reported  that  these  channels  can  exist  in  loose  tissues  extending  from the
proximal to distal fibrous caps in CTOs of any age[19]. Thus, successful tracking of
microchannels in loose tissue may be possible, even in very old CTOs[20]. Consistent
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Table 3  Lesion-related characteristics in the two groups, n (%)

Overall population, n = 1230 XT group, n = 686 No-XT group, n = 544 P-value

Multivessel CAD 530 (43.1) 300 (43.7) 230 (42.3) 0.609

LC 170 (13.8) 90 (13.1) 80 (14.7) 0.423

Tortuosity 105 (10.2) 57 (11.7) 48 (8.8) 0.124

Bridging collaterals 95 (7.7) 55 (8.0) 40 (7.4) 0.665

Blunt stump 107 (8.7) 61 (8.9) 46 (8.5) 0.787

J-CTO score 0.077

0 597 (48.5) 332 (48.4) 265 (48.7)

1 507 (41.2) 282 (41.1) 225 (41.4)

2 99 (8.0) 50 (7.3) 49 (9.0)

3 23 (1.9) 19 (2.8) 4 (0.7)

4 4 (0.3) 3 (0.4) 1 (0.2)

Rentrop class 0.686

0 233 (18.9) 126 (18.4) 107 (19.7)

1 220 (17.9) 117 (17.1) 103 (18.9)

2 434 (35.3) 245 (35.7) 189 (34.7)

3 343 (27.9) 198 (28.9) 145 (26.7)

CTO vessel 0.570

LM 1 (0.1) 1 (0.1) 0 (0)

LAD 545 (44.3) 302 (44.0) 243 (44.7)

LCX 173 (14.1) 103 (15.0) 70 (12.9)

RCA 511 (41.5) 280 (40.8) 231 (42.5)

Occlusion length, mm 21.6 ± 14.8 21.5 ± 15.1 21.7 ± 14.5 0.876

Occlusion time, mo 82.3 ± 27.1 45.9 ± 60.0 45.0 ± 50.9 0.796

Values represent the mean ± SD or number of patients and proportion (%). CAD: Coronary artery disease; LC: Lesion calcification; J-CTO: Multicenter CTO
Registry in Japan; rentrop class definition: Class 1, filling of side branches of the artery via collateral channels without visualization of the epicardial
segment; Class 2, partial filling of the epicardial segment via collateral channels; Class 3, complete filling of the epicardial segment of the artery via
collateral channels; CTO: Chronic total occlusion; LM: Left main artery; LAD: Left anterior descending artery; LCX: Left circumflex artery; RCA: Right
coronary artery.

with these data, we found that the use of Fielder XT guidewire significantly increased
the  success  rate  of  CTO-PCI,  although  there  were  no  significant  differences  in
occlusion time between the two groups.

Nevertheless,  factors predicting the success or failure of CTO-PCI are context-
dependent. In agreement with previous studies, we noted that blunt stump[21-24] was
an independent predictor of  the procedural  success of  CTO-PCI.  In recent years,
multiple scoring systems have been established to predict the procedural success,
efficiency, and complications of CTO-PCI[21-26]. Both the multicenter CTO registry in
Japan (J-CTO) and clinical- and lesion-related (CL) scores include blunt stump as the
lesion-related predictor[21,23]. CTO with blunt stump is a major obstacle to successful
intervention. If the proximal cap has a blunt morphology, the occlusion is often more
mature [ 1 7 ].  Older  occlusions  usually  have  harder  proximal  caps  and  lack
microchannels connected to the proximal cap, which prevent the initial soft, tapered
polymer-jacketed guidewire from entering the proximal cap. Thus, the blunt stump of
proximal cap is an obstacle to the procedural success of CTO-PCI[17]. In accordance
with the results of previous studies, we also found that contrast amount, procedure
time  and  cardiac  function  were  independent  predictors  of  procedural  success.
Algorithms also provide specific guidance, suggesting that operators should consider
stopping a CTO procedure if the procedure time is > 3 h, or more than 3.7 mL × the
estimated  glomerular  filtration  rate  of  contrast  has  been  used[17].  Systolic  blood
pressure is closely related to cardiac function, and systolic blood pressure was thus an
independent predictor of procedural success in this study. Furthermore, females have
lower J-CTO scores than males. The technical success rate is usually higher in females
than in males[27], consistent with our observed outcomes.

In summary, we found in this study that the use of Fielder XT guidewire was
associated with a relatively shorter procedure time and lower contrast amount, as
Fielder  XT  guidewire  could  cross  CTO  lesions  into  the  distal  true  lumen  by
microchannels. The amount of contrast media is closely related to the incidence of
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Table 4  Procedural outcomes and in-hospital complications in the two groups

Overall population, n = 1230 XTgroup, n = 686 No-XT group, n = 544 P-value

Stent length, mm 34.3 ± 16.8 32.0 ± 15.8 37.3 ± 17.6 < 0.001

Contrast amount, mL 156.1 ± 45.6 148 ± 46 166 ± 43 < 0.001

Side branch loss 75 (6.1) 31 (4.5) 44 (8.1) 0.009

CIN 69 (5.6) 29 (4.2) 40 (7.4) 0.018

Coronary artery rupture 11 (0.9) 3 (0.4) 8 (1.5) 0.056

No reflow 22 (1.9) 8 (1.2) 14 (2.9) 0.034

Post-PCI MI 102 (8.3) 43 (6.3) 59 (10.8) 0.004

In-hospital death 8 (0.7) 2 (0.3) 6 (1.1) 0.079

TLR 10 (0.8) 3 (0.4) 7 (1.3) 0.099

MACE 101 (8.3) 44 (6.4) 57 (10.7) 0.007

Success rate 1032 (83.9) 602 (87.8) 430 (79.0) < 0.001

Procedure time, min 78 ± 23 74 ± 23 83 ± 21 < 0.001

Values represent the mean ± SD or number of  patients and proportion (%).  CIN: Contrast-induced nephropathy;  MI:  Myocardial  infarction;  PCI:
Percutaneous coronary intervention; TLR: Target lesion revascularization; MACE: Major adverse cardiovascular event.

CIN,  and  several  studies  have  shown  that  the  volume  of  contrast  media  is  an
independent  risk  factor  for  the  development  of  contrast-induced  acute  kidney
injury[28-30]. We observed a similar outcome in which the volume of contrast media was
positively associated with CIN incidence. We also found that the use of Fielder XT
guidewire was associated with lower rates of in-hospital complications and stent
implantation. Furthermore, the initial soft, tapered polymer-jacketed guidewire we
used could cross the CTO lesion and reach the distal cap, with lower likelihoods of
dissection and a smaller degree of hematoma than stiff guidewires. ADR based on the
soft guidewire we used above could also ensure true lumen reentry once through the
CTO segment, which decreased the length of the implanted stent and reduced side
branch  loss.  Additionally,  MI  of  perioperative  caused  by  the  occlusion  of  side
branches after CTO-PCI was avoided.

In conclusion, the use of Fielder XT guidewire shortens the procedure and increases
the success rate of CTO-PCI, and is also associated with reduced complication rates.
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Figure 1

Figure 1  An illustrative image of the Fielder XT guidewire.

Figure 2

Figure 2  Fielder XT guidewires enter the chronic total occlusion lesions along the microchannels with different anatomical features. A: Microchannels partly
or completely connecting from the proximal cap to the distal end of chronic total occlusion (CTO) lesion; B: A Fielder XT guidewire crossing the CTO lesion through
microchannels; C: A Fielder XT guidewire entering the sidewall of the coronary artery and resulting in forming intimal dissection; D: A Fielder XT guidewire entering the
side branch of the occlusion segment; E-F: After leaving the Fielder XT guidewire in the false lumen, tracing of a second tapered guidewire along the same pathway
into the true lumen; G: A Fielder XT guidewire crossing the occlusion segment into the subintimal of the distal cap; H: A stiff guidewire with a tapered tip entering the
distal true lumen after the distal cap.

ARTICLE HIGHLIGHTS
Research background
Chronic  total  occlusion  (CTO)  is  found  in  18%-31%  of  patients  who  undergo  coronary
angiography. Successful recanalization of CTOs has been shown to be associated with reduced
recurrent angina pectoris rates and increased long-term survival. Although the success rate of
CTO  percutaneous  coronary  intervention  (CTO-PCI)  has  improved,  CTO-PCI  remains
technically challenging. The Fielder XT guidewire was designed for CTO lesions. To validate
whether the use of the guidewire increases the success rate, we compared the results of CTO-PCI
with or without the guidewire.  We hypothesized that the use of  Fielder XT guidewire can
increase the success rate of CTO-PCI.

Research motivation
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Although experience and the introduction of new devices have improved the success rates of
PCI, CTO-PCI is still technically challenging. We thus wanted to validate whether the use of
Fielder XT guidewire increases the success rate of CTO-PCI.

Research objectives
To investigate whether the use of Fielder XT guidewire increases the final procedural success of
CTO-PCI via the anterograde approach.

Research methods
Between  January  2013  and  December  2015,  a  retrospective  study  was  conducted  on  1230
consecutive patients with CTO who received PCI via the anterograde approach at the General
Hospital of Northern Theater Command. The patients were divided into an XT Group (n = 686)
and a no-XT Group (n =  544) depending on whether Fielder XT guidewire was used.  Both
groups  were  compared  for  clinical  parameters,  lesion-related  characteristics,  procedural
outcomes and in-hospital complications. The data were statistically analyzed using a Pearson’s χ2

test for categorical variables, and a Students’ t test was used to compare the quantitative data.
Significant independent factors and risk ratios with a 95% confidence interval (CI) were assessed
by multivariate logistic regression analysis.

Research results
In total, 1230 patients were recruited; 75.4% of the patients were male, and 55.8% of the patients
were in the XT group. The overall success rate was 83.9%, with 87.8% in the XT group. Based on
multivariate logistic regression analysis, factors positively associated with procedural success
were the use of Fielder XT guidewire (P = 0.005, 95%CI: 1.172-2.380) and systolic blood pressure
(P = 0.011, 95%CI: 1.003-1.022), while factors negatively associated with procedural success were
blunt stump (P = 0.013, 95%CI: 1.341-11.862), male sex (P = 0.016, 95%CI: 0.363-0.902), NYHA
class  (P =  0.035,  95%CI:  0.553-0.979),  contrast  amount  (P =  0.018,  95%CI:  0.983-0.998)  and
occlusion time (P = 0.009, 95%CI: 0.994-0.999). No significant differences were found between the
XT group and the no-XT group with respect to clinical parameters, lesion-related characteristics,
coronary artery rupture [3 (0.4%) vs 8 (1.5%), P = 0.056], in-hospital death [2 (0.3%) vs 6 (1.1%), P
= 0.079] or in-hospital target lesion revascularization [3 (0.4%) vs 7 (1.3%), P < 0.099]. However,
there were significant differences between the groups with respect to success rate [602 (87.8%) vs
430 (79.0%), P < 0.001], procedure time [(74 ± 23) vs (83 ± 21), P < 0.001], stent length [(32.0 ± 15.8)
vs  (37.3  ±  17.6),  P <  0.001],  contrast  amount  [(148  ±  46)  vs  (166  ±  43),  P <  0.001],  post-PCI
myocardial infarction [43 (6.3%) vs 59 (10.8%), P = 0.004], major adverse cardiovascular event [44
(6.4%) vs 57 (10.7%), P = 0.007], side branch loss [31 (4.5%) vs 44 (8.1%), P = 0.009], contrast-
induced nephropathy [29 (4.2%) vs 40 (7.4%), P = 0.018] and no reflow [8 (1.2%) vs 14 (2.9%), P =
0.034].

Research conclusions
The use of Fielder XT guidewire shortens the procedure and increases the success rate of CTO-
PCI, and is also associated with reduced complication rates.

Research perspectives
Larger multicenter studies are required to better understand the relationship between the use of
Fielder  XT series  (such as  Fielder  XT,  Fielder  XT-R and Fielder  XT-A) guidewires  and the
procedural success of CTO-PCI via anterograde, retrograde, or hybrid approaches.
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Abstract
BACKGROUND
Diastolic electromechanical couple, a well-described phenomenon in
symptomatic heart failure, has not been well studied in healthy people. We
hypothesized that ventricular repolarization variables, such as the QT interval,
Tpeak-to-Tend (Tpe) interval and Tpe/QT ratio, are associated with cardiac
diastolic function in the healthy Chinese population.

AIM
To assess the relationship between ventricular repolarization variables and
cardiac diastolic function in apparently healthy Chinese individuals.

METHODS
This was a community-based cross-sectional study conducted in Shenyang,
China. A total of 414 healthy subjects aged 35-91 years were enrolled. All subjects
underwent standard 12-lead electrocardiography (ECG) and comprehensive
echocardiography. ECG enabled the measurement of QT and Tpe intervals and
Tpe/QT ratio. echocardiographic parameters, such as the ratio of mitral early
diastolic inflow velocity (E) and late diastolic inflow velocity (A), E-wave
deceleration time, left atrial volume (LAV) and LAV index, were measured to
assess diastolic function. E/A < 0.75 was considered to indicate reduced diastolic
function. ECG and echocardiography results were analyzed separately and in a
blinded fashion. Correlation and regression analyses were applied to determine
associations.

RESULTS
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Ventricular repolarization variables, such as the QTc interval (393.59 ± 26.74 vs
403.86 ± 33.56; P < 0.001), Tpe interval (72.68 ± 12.41 vs 77.26 ± 17.86; P < 0.01),
Tpec interval (76.36 ± 13.53 vs 83.32 ± 21.25; P < 0.001) and Tpe/QT ratio (0.19 ±
0.03 vs 0.20 ± 0.04; P < 0.01), were significantly different between the normal
diastolic function group and the reduced diastolic function group. Significant
associations were found between repolarization variables and diastolic function.
After adjusting for all other possible confounders, the QTc and Tpec intervals
were significantly associated with the E/A ratio (P = 0.008; P = 0.010). In men, the
QTc interval was associated with abnormal diastolic function, and compared to
the third QTc tertile, in the second QTc tertile, the odds ratio was 0.257 (95%CI:
0.102–0.649; P = 0.004).

CONCLUSION
Repolarization variables are associated with cardiac diastolic function even in
healthy people. Moderate levels of the QTc interval exert a protective effect on
diastolic dysfunction in men.

Key words: QT interval; Tpeak-to-Tend interval; Diastolic dysfunction; Ventricular
repolarization; Electrocardiography

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: A community-based cross-sectional study conducted to assess the relationship
between ventricular repolarization variables and cardiac diastolic function in apparently
healthy Chinese individuals. We observed an independent association between
ventricular repolarization variables and cardiac diastolic function parameters, and
moderate levels of the QTc interval tend to have a protective effect on diastolic
dysfunction in men. Electromechanical coupling may represent a relationship between
heterogeneity of repolarization and abnormal myocardial mechanics.

Citation: Li ZD, Bai XJ, Han LL, Han W, Sun XF, Chen XM. Association between ventricular
repolarization variables and cardiac diastolic function: A cross-sectional study of a healthy
Chinese population. World J Clin Cases 2019; 7(8): 940-950
URL: https://www.wjgnet.com/2307-8960/full/v7/i8/940.htm
DOI: https://dx.doi.org/10.12998/wjcc.v7.i8.940

INTRODUCTION
Heart failure (HF) is a complex and increasingly common syndrome that affects over
23 million patients worldwide[1]. Approximately half of patients with HF present with
diastolic dysfunction, and asymptomatic diastolic dysfunction is present in 21% of the
population[2]. Asymptomatic diastolic dysfunction may be present for a significant
period  of  time  before  developing  into  symptomatic  HF.  The  latency  between
dysfunction and symptoms represents the best time for using effective diagnostics
and therapies[3]. Therefore, the mechanisms underlying diastolic dysfunction need to
be more extensively studied.

Growing evidence demonstrates that the pathologies of diastolic dysfunction and
systolic  dysfunction  are  different.  Some  studies  have  reported  that  electrical
repolarization  abnormalities  are  associated  with  declining  diastolic  function,
suggesting that  diastolic  electromechanical  coupling represents a unifier  linking
diastolic dysfunction, calcium handling, and repolarization abnormalities with the
development of  symptomatic  HF[4].  The QT interval  is  the most  commonly used
parameter  in  the  electrocardiographic  (ECG)  assessment  of  repolarization  by
physicians in clinical practice. The Tpeak-to-Tend (Tpe) interval, defined as the time
interval  between  the  peak  and  the  end  of  the  T  wave,  is  proposed  as  a  readily
available  ECG measurement  of  the dispersion of  ventricular  repolarization.  The
Tpe/QT ratio is used to predict cardiac arrhythmias. Previous studies have evaluated
the  QT  and  Tpe  intervals  as  potential  mechanistic  contributors  to  diastolic
dysfunction in specific populations[5-8].  Wilcox et al[5]  found QTc prolongation was
independently associated with diastolic dysfunction in patients with clinical suspicion
of HF. Another study by Khan et al[6] confirmed that a prolonged QTc interval was a
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useful tool for predicting diastolic dysfunction. In addition, Sauer et al[7] showed that
increased Tpe interval was associated with both resting and exercise-induced diastolic
dysfunction. However, the subjects of the studies above were all patients with risk
factors  of  HF,  and risk  factors  such  as  hypertension  and diabetes  mellitus  may
influence  both  heart  structure  and  heart  function  and  are  powerful  potential
confounders of electromechanical coupling. Thus, the aim of this study was to assess
the relationship between ventricular repolarization variables, such as the QT interval,
Tpe interval  and Tpe/QT ratio,  and diastolic  function in  an  apparently  healthy
Chinese population and determine whether measuring repolarization variables may
provide information valuable for predicting cardiac diastolic function in healthy
people.

MATERIALS AND METHODS

Study population
The subjects who participated in this community-based cross-sectional study were
recruited from a healthy Han Chinese population between 2007 and 2008. There were
the following register criteria: (1) Age older than 35 years; (2) Being healthy by self-
evaluation;  (3)  Having  the  ability  to  care  for  themselves  and perform activities
associated with daily living independently and without difficulty; (4) Having the
ability  to  provide  informed  consent  and  self-reported  data.  Subjects  with  car-
diovascular disease, hypertension [defined as a systolic blood pressure (SBP) ≥ 140
mmHg or a diastolic blood pressure (DBP) ≥ 90 mmHg and/or an antihypertensive
medication requirement], diabetes (defined as a fasting plasma glucose > 7.0 mmol/L
or  an  insulin  or  oral  hypoglycemic  medication  requirement),  and other  chronic
diseases were excluded from the study. The subjects who provided the informed
consent conducted physical examination or laboratory tests. After excluding persons
with an abnormal physical examination or laboratory results, 414 healthy subjects (186
men and 228 women) were included in the study. This study was approved by the
Ethics Committee of China Medical University.

Clinical measurements and laboratory tests
The  participants  underwent  a  clinical  examination  and  completed  a  detailed
questionnaire at the time of enrollment.  Before they were examined, the subjects
rested for 10-15 min in a temperature-controlled environment. Physical parameters,
including  height  and  weight,  were  measured  with  a  digital  scale  while  the
participants  were  wearing  light  clothing  and no  shoes  on  a  digital  scale.  Blood
pressure was measured using a manual stethoscope and a sphygmomanometer with
an adjustable cuff. Two measurements were performed 2 min apart, and the average
of the two measurements was calculated. Body mass index (BMI) was calculated as
the mass in kilograms divided by height in meters squared, and body surface area
(BSA) was calculated according to the following formula: BSA (m2) = 0.0061 × height
(cm) + 0.0128 × weight (kg) - 0.1529.

Blood samples were collected from the subjects between 8:00 and 9:00 am after the
subjects  had  fasted  for  at  least  10  h  overnight.  Blood  biochemical  parameters,
including  triglycerides  (TG),  total  cholesterol  (TC),  high-density  lipoprotein
cholesterol (HDL-C-C), low-density lipoprotein (LDL-C), fasting blood glucose (FBG)
and serum creatinine (SCr) levels, were assayed on-site at the medical laboratory of
the study center.

ECG
All subjects underwent a 12-lead ECG recorded at a paper speed of 25 mm/sec and a
voltage of 10 mm/mV by a standard ECG system. For ECG analysis, we performed
manual measurements of the values with a digital caliper using a computer program.
The QT interval was measured between the QRS onset and the end of the T wave, and
the Tpe interval was measured from the peak of the T wave to the end of the T wave.
The QT interval and the Tpe interval were corrected separately for heart rate using the
Bazett  formula [9].  We  also  calculated  the  Tpe/QT  and  Tpe/QTc  ratios.  All
measurements were performed in lead V5[10]. In cases in which lead V5 could not be
used  for  the  analysis,  leads  V4  and V6  (in  that  order)  were  utilized.  ECG mea-
surements  were  performed  by  a  single  trained  reader  who  was  blinded  to  the
echocardiographic results.

Echocardiography
All subjects underwent a complete M-mode, two-dimensional and pulsed-wave (PW)
Doppler echocardiographic examination using a Philips iE33 Ultrasound System, and
all  echocardiographic  measurements  were  obtained  according  to  published
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guidelines[11,12]. PW Doppler was performed in the apical 4-chamber view to obtain
data  pertaining  to  mitral  inflow  velocities  and  time  intervals.  The  primary
measurements performed during this procedure included measurements of mitral
early diastolic inflow velocity (E), late diastolic inflow velocity (A), the E/A ratio, and
E-wave deceleration time (DT). We used the apical four-chamber views to measure
left atrial anterior-posterior diameter (LA-AP-D), left atrial medial-lateral diameter
(LA-ML-D) and left atrial superior-inferior diameter (LA-SI-D). The left atrial volume
(LAV) was computed by the equation 4π/3(LA-SI-D/2)(LA-AP-D/2)(LA-ML-D/2)
according  to  the  ellipsoid  model,  and  the  left  atrial  volume  index  (LAVI)  was
calculated as the LAV in milliliters divided by the BSA in meters squared. According
to the American Society of Echocardiography guidelines[12], in this study, E/A < 0.75
was considered to be reduced diastolic function.

Statistical analysis
The Kolmogorov-Smirnov test was used for all analyses of normally distributed data.
All continuous data were normally distributed and were expressed as the means ±
SDs. The differences in these variables between different groups were examined using
the independent-samples t-test. Categorical variables were expressed as the number
{(percentile) [n(%)]}, and comparative analyses of different groups were performed
using  the  chi-square  (χ2)  test.  Simple  correlation  analyses  were  performed  by
calculating  Pearson’s  coefficients  for  the  relationships  between  two  variables.
Multiple  linear  regression  analyses  were  performed  to  adjust  for  possible
confounding variables. The following three models were used: An un-adjusted model,
a model adjusted only for age, and a model adjusted for age, BMI, SBP, DBP, TG, TC,
HDL-C, LDL-C, FBG and SCr. Binary logistic regression was reformed to investigate
the associations between abnormal diastolic function and the levels of QTc and Tpec.
The subjects  were  categorized into  tertiles  (1-3)  for  QTc and Tpec,  with  tertile  3
showing the highest levels of QTc and Tpec. The following two models were applied:
A model adjusting for age and a model adjusting for age, BMI, SBP, DBP, TG, TC,
HDL-C, LDL-C, FBG and SCr. All statistical analyses were performed using SPSS 19.0
statistical  software  (SPSS,  Chicago,  IL,  United States),  and a  P  value  < 0.05  was
considered statistically significant.

RESULTS

Clinical, electrocardiographic and echocardiographic characteristics
A total of 414 subjects (186 men) were assessed in this study, and the mean age was 55
± 14 years old. Subjects were divided into two groups based on their E/A values (one
group with E/A ≥ 0.75 and the other with E/A < 0.75). The differences in the clinical,
ECG and echocardiographic characteristics between the groups with normal and
reduced  E/A  ratios  are  shown  in  Table  1.  Age,  BMI,  SBP,  DBP  and  SCr  were
significantly higher in subjects with a reduced E/A ratio (P <  0.01). Furthermore,
there were several ECG-related differences between the two groups: The RR interval,
QTc interval, Tpe interval, Tpec interval and Tpe/QT ratio were higher in those with
E/A < 0.75 than in those with E/A ≥ 0.75 (P < 0.01). All echocardiographic parameters
were significantly different between the two groups (P < 0.05).

Correlation analysis between electrocardiographic repolarization variables and
other variables
Table 2 shows the Pearson correlation coefficients for the relationships between ECG
repolarization variables and other variables. All the repolarization variables except
the Tpe/QTc ratio were significantly associated with age (P < 0.05) and all except the
QT interval were associated with BMI (P <  0.05). Moreover, the QTc interval was
significantly associated with SBP, TC and LDL-C (P <  0.05). The Tpe interval was
significantly associated with HDL-C (P < 0.05). The Tpec interval was significantly
associated with HDL-C and LDL-C (P <  0.05).The Tpe/QT ratio was significantly
associated  with  HDL-C,  LDL-C  and  SCr  (P  <  0.05).  The  Tpe/QTc  ratio  was
significantly  associated  with  HDL-C  and  SCr  (P  <  0.01).  With  regard  to  the
echocardiographic  diastolic  parameters,  the  E/A  ratio  was  negatively  and
significantly correlated with QTc, Tpe and Tpec intervals and Tpe/QT ratio (P < 0.01).
E was negatively correlated with the Tpec interval and the Tpe/QT ratio (P < 0.05). A
was positively correlated with all the repolarization variables except the Tpe/QTc
ratio (P < 0.01). DT was positively correlated with the QT interval and the Tpe/QTc
ratio (P < 0.05). LAV was positively correlated with all the repolarization variables
except the Tpe/QT ratio (P < 0.05). LAVI was positively correlated with QTc and Tpe
intervals (P < 0.01).
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Table 1  Clinical, electrocardiography and echocardiographic characteristics based on their E/A
ratio

All subjects (n = 414) E/A ≥ 0.75 (n = 300) E/A < 0.75 (n = 114) P-value

Age (yr) 55.21 ± 14.18 55.25 ± 13.20 69.62 ± 11.05 < 0.001

Male n (%) 186 (44.9%) 124 (41.3%) 62 (55.4%) 0.017

BMI (kg/m2) 23.68 ± 3.00 23.41 ± 2.93 24.37 ± 3.08 0.004

SBP (mmHg) 125.64 ± 12.69 123.05 ± 12.68 132.43 ± 9.93 < 0.001

DBP (mmHg) 75.97 ± 8.84 74.92 ± 8.97 78.73 ± 7.87 < 0.001

TG (mmol/L) 1.38 ± 1.10 1.39 ± 1.18 1.36 ± 0.84 0.840

TC (mmol/L) 5.23 ± 1.05 5.22 ± 1.08 5.26 ± 0.98 0.722

HDL-C (mmol/L) 1.64 ± 0.41 1.65 ± 0.40 1.62 ± 0.44 0.440

LDL-C (mmol/L) 2.90 ± 0.75 2.88 ± 0.76 2.95 ± 0.70 0.448

FBG (mmol/L) 5.55 ± 0.49 5.54 ± 0.48 5.60 ± 0.53 0.248

SCr (μmol/L) 64.37 ± 14.46 62.72 ± 13.23 68.71 ± 16.58 < 0.001

PR interval (ms) 157.08 ± 23.73 156.36 ± 24.18 158.97 ± 22.50 0.302

RR interval (ms) 905.53 ± 126.29 915.40 ± 118.32 879.56 ± 142.52 0.010

QT interval (ms) 372.81 ± 30.07 371.45 ± 29.49 376.39 ± 31.40 0.136

QTc interval (ms) 393.52 ± 29.44 393.59 ± 26.74 403.86 ± 33.56 < 0.001

Tpe interval (ms) 73.94 ± 14.25 72.68 ± 12.41 77.26 ± 17.86 0.003

Tpec interval (ms) 78.27 ± 16.30 76.36 ± 13.53 83.32 ± 21.25 < 0.001

Tpe/QT 0.20 ± 0.03 0.19 ± 0.03 0.20 ± 0.04 0.004

Tpe/QTc 0.19 ± 0.03 0.19 ± 0.03 0.19 ± 0.03 0.160

E (cm/s) 74.36 ± 17.83 80.27 ± 16.20 58.82 ± 11.49 < 0.001

A (cm/s) 75.07 ± 19.21 68.75 ± 16.70 91.69 ± 15.07 < 0.001

E/A 1.07 ± 0.41 1.23 ± 0.36 0.64 ± 0.08 < 0.001

MV-DT (ms) 162.78 ± 35.15 159.43 ± 31.14 171.60 ± 42.92 0.002

LAV (mL) 33.16 ± 9.73 32.30 ± 9.70 35.42 ± 9.48 0.003

LAVI (mL/m2) 19.83 ± 5.31 19.38 ± 5.29 21.01 ± 5.22 0.005

LVEF (%) 62.54 ± 4.71 62.86 ± 4.47 61.68 ± 5.21 0.023

BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; TG: Triglyceride; TC:
Total  cholesterol;  HDL-C-C:  High-density  lipoprotein  cholesterol;  LDL-C:  Low-density  lipoprotein
cholesterol; FBG: Fasting blood glucose; SCr: Serum creatinine; E: Early diastolic inflow velocity; A: Late
diastolic inflow velocity; DT: E-wave deceleration time; LAV: Left atrial volume; LAVI: Left atrial maximum
volume index; LVEF: Left ventricular ejection fraction.

Associations between electrocardiographic repolarization variables and echo-
cardiographic diastolic function parameters
Table  3  shows  the  results  of  the  multiple  linear  regression  analyses,  in  which
echocardiographic diastolic function parameters served as the dependent variables,
and ECG repolarization variables served as the independent variables. After adjusting
for all other possible confounders, A and E/A ratio were significantly associated with
QTc and Tpec intervals and the Tpe/QT ratio, and A was also significantly associated
with  the  Tpe  interval.  LAV  and  LAVI  showed  significant  and  independent
associations with the QTc interval, and LAV was also significantly associated with the
QT interval. DT was significantly associated with the QT interval.

Table 4 shows the binary logistic regression analyses performed using reduced
diastolic function as the dependent variable and cut-off values of the QTc and Tpec

interval as the independent variables. In men, the odds ratio in subjects with reduced
diastolic function was 2.715 (95%CI: 1.356–5.432; P < 0.001) for longer QTc interval
after  adjustment  for  age,  compared to  the  subjects  in  normal  QTc interval.  This
association was still significant after adjustment for all other variables, and the odds
ratio was 2.567 (95%CI: 1.227–5.370; P = 0.012). In women, the QTc interval was not
correlated with reduced diastolic function. With regard to the Tpec interval, in men,
compared  to  the  third  Tpec  tertile,  in  the  Tpec  second  tertile,  the  odds  ratio
approached  statistical  significance  (0.423;  95%CI:  0.175–1.022;  P  =  0.056)  after
adjustment for all other variables.

WJCC https://www.wjgnet.com April 26, 2019 Volume 7 Issue 8

Li ZD et al. Ventricular repolarization and diastolic function

944



Table 2  Correlation analysis between electrocardiography repolarization variables and other
variables

QT (ms) QTc (ms) Tpe (ms) Tpec (ms) Tpe/QT Tpe/QTc

Age (yr) 0.223b 0.281b 0.167b 0.169b 0.109a 0.090

BMI (kg/m2) 0.073 0.109a 0.119a 0.124a 0.120a 0.100a

SBP (mmHg) 0.082 0.167b 0.059 0.089 0.049 0.004

DBP (mmHg) -0.031 0.029 -0.034 -0.008 -0.005 -0.036

TG (mmol/L) -0.02 0.028 0.058 0.073 0.086 0.058

TC (mmol/L) 0.009 0.115a 0.054 0.094 0.071 0.020

HDL-C (mmol/L) -0.061 -0.067 -0.132b -0.122a -0.140b -0.130b

LDL-C (mmol/L) -0.046 0.155b 0.088 0.127a 0.098a 0.042

FBG ( mmol/L ) -0/089 0.080 0.015 0.074 0.081 0.001

SCr (μmol/L) -0/013 -0.055 0.089 0.068 0.123a 0.146b

E (cm/s) 0.051 -0.093 -0.072 -0.121a -0.138b -0.060

A (cm/s) 0.152b 0.324b 0.189b 0.237b 0.157b 0.079

E/A -0.070 -0.288b -0.155b -0.223b -0.175b -0.067

DT (ms) 0.244b -0.028 0.073 -0.047 -0.039 0.102a

LAV (mL) 0.312b 0.209b 0.157b 0.099a 0.038 0.100a

LAVI (mL/m2) 0.354 0.255b 0.148b 0.091 0.002 0.062

P-values are from analysis of variance:
aSignificant difference (P < 0.05);
bSignificant difference (P < 0.01). BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood
pressure; TG: Triglyceride; TC: Total cholesterol; HDL-C-C: High-density lipoprotein cholesterol; LDL-C:
Low-density lipoprotein cholesterol; FBG: Fasting blood glucose; SCr: Serum creatinine; E: Early diastolic
inflow velocity; A: Late diastolic inflow velocity; DT: E-wave deceleration time; LAV: Left atrial volume;
LAVI: Left atrial maximum volume index.

DISCUSSION
The  most  important  findings  of  the  present  study  are  the  associations  between
ventricular repolarization variables and cardiac diastolic function in a population of
healthy adults. These relationships remained significant even after correction for other
potential confounders.

The  ECG  QT  interval  is  one  of  the  ventricular  repolarization  variables  most
commonly  used  by  physicians  in  clinical  practice.  Previous  studies  have  de-
monstrated the existence of  a relationship between a prolonged QT interval  and
abnormal myocardial mechanical function among patients with inherited long QT
syndrome  (LQTS),  which  has  historically  been  considered  a  purely  electrical
disease[13-15].  In recent years, clinicians have become increasingly interested in the
association between the QT interval and echocardiographic parameters representing
diastolic function in patients with suspected HF, hypertension, and diabetes mellitus
and have  obtained data  supporting  the  idea  that  there  is  a  correlation  between
diastolic  dysfunction  and  the  QT  interval[5,8,16].  However,  diseases  such  as  hy-
pertension and diabetes mellitus influence both heart structure and heart function and
are powerful potential confounders of electromechanical coupling measurements. The
present community-based study included apparently healthy subjects selected from a
Chinese population without hypertension, diabetes, cardiovascular disease, or other
chronic diseases and thus excluded potential confounders. We found an independent
linear  association  between  the  QTc  interval  and  echocardiographic  diastolic
parameters. Moreover, this study also demonstrates that moderate levels of QTc exert
a  protective  effect  on  diastolic  dysfunction  in  healthy  men.  To  the  best  of  our
knowledge, this is the first study to demonstrate an association between QTc interval
levels and diastolic function in a healthy population. Possible explanations for this
finding include the possibility that the link between electrical repolarization and
diastolic mechanics may be commonly mediated by the effects of calcium handing[4].
Previous studies have also described a U-shaped association between the QTc interval
and risk of death[17,18]. Therefore, it is biologically plausible that there is an optimum
for  the  dispersion  of  ventricular  repolarization  and  that  the  risk  of  diastolic
dysfunction  is  increased  at  both  ends  of  the  spectrum.  However,  sex-related
differences in the association between QTc interval  levels  and diastolic  function
remain to be explored.
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Table 3  Relationship between electrocardiography repolarization variables and
echocardiographic diastolic parameters using a stepwise multiple regression model

Model 1 Model 2 Model 3

Beta P-value Beta P-value Beta P-value

QT interval (ms)

A (cm/s) 0.152 0.002 0.033 0.435 0.028 0.504

DT (ms) 0.244 < 0.001 0.194 < 0.001 0.182 < 0.001

LAV (mL) 0.312 < 0.001 0.271 < 0.001 0.248 < 0.001

QTc interval (ms)

A (cm/s) 0.324 < 0.001 0.186 < 0.001 0.178 < 0.001

E/A -0.288 < 0.001 -0.131 0.001 -0.105 0.008

LAV (mL) 0.209 < 0.001 0.152 0.002 0.105 0.019

LAVI (mL/m2) 0.255 < 0.001 0.181 < 0.001 0.142 0.003

Tpe (ms)

A (cm/s) 0.189 < 0.001 0.102 0.015 0.099 0.016

E/A -0.155 0.002 -0.057 0.153 -0.035 0.355

LAV (mL) 0.157 0.001 0.119 0.014 0.167 0.120

LAVI (mL/m2) 0.148 0.003 0.098 0.039 0.080 0.086

Tpec (ms)

E (cm/s) -0.121 0.014 -0.062 0.185 -0.032 0.489

A (cm/s) 0.237 < 0.001 0.150 < 0.001 0.143 < 0.001

E/A -2.223 < 0.001 -0.126 0.002 -0.098 0.010

LAV (mL) 0.099 0.045 0.059 0.233 0.015 0.749

Tpe/QT

E (cm/s) -0.138 0.005 -0.100 0.030 -0.066 0.152

A (cm/s) 0.157 0.001 0.099 0.017 0.097 0.018

E/A -0.175 < 0.001 -0.111 0.005 -0.083 0.028

Tpe/QTc

DT (ms) 0.102 0.038 0.078 0.101 0.072 0.139

LAV (mL) 0.100 0.041 0.079 0.100 0.037 0.388

E: Early diastolic inflow velocity; A: Late diastolic inflow velocity; DT: E-wave deceleration time; LAV: Left
atrial volume; LAVI: Left atrial maximum volume index. Model 1: Unadjusted model; Model 2: Adjusted for
age; Model 3: Fully adjusted for age, gender, body mass index, systolic blood pressure, diastolic blood
pressure,  triglyceride,  total  cholesterol,  high-density  lipoprotein  cholesterol,  low-density  lipoprotein
cholesterol, fasting blood glucose and serum creatinine. Standardized coefficients and P-values were the
outcomes of the regression analyses.

Tpe is the interval between the peak of the T wave and the end of the T wave. The
Tpe interval is usually viewed as representative of the difference in repolarization
times between subendocardial  and subepicardial  myocardial  cells  and has  been
proposed to reflect the transmural cardiac repolarization expressed through surface
12 ECG[4].  Multiple  recent  studies  have demonstrated that  Tpe interval  plays an
important role as a  potential  ECG biomarker for  predicting arrhythmia risk and
cardiovascular death[19-21]. Furthermore, some studies have evaluated the Tpe interval
as a potential mechanism that contributes to mechanical dysfunction in patients with
overt  or  suspected  HF[7,22].  In  the  present  population-based  study,  we  found  a
significant  linear  association  between  ECG  Tpe  and  Tpec  intervals  and  the
echocardiographic  E/A  ratio  and  A  wave.  These  findings  add  to  the  growing
literature supporting the notion that electromechanical coupling of dispersion of
repolarization is a potential mechanism of diastolic dysfunction. It is interesting to
note  that  the  Tpec  interval  was  more strongly correlated with diastolic  function
parameters in this study, compared to the Tpe interval. The basis for this result is
unclear and is beyond the scope of the current study. In the present study, we found
that in men, compared to the third Tpec tertile, in the Tpec second tertile, the odds
ratio approached statistical significance (0.423; 95%CI: 0.175–1.022; P = 0.056) after
adjustment for all other variables. Moderate Tpec  levels tend to have a protective
effect on diastolic dysfunction in men. A large population study found U-shaped
associations between the Tpe interval and the risks of all-cause and cardiovascular
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Table 4  Association of E/A ratio within tertiles of QTc and Tpec using binary logistic regression model

Tertile 1 Tertile 2 Tertile
3

Model 1 Model 2 Model 1 Model 2

OR (95%CI) P-value OR (95%CI) P-value OR (95%CI) P-value OR (95%CI) P-value OR

Tertiles of QTc

Men (n = 186) 0.604 (0.272-1.342) 0.216 0.763 (0.317-1.836) 0.545 0.210 (0.087-0.506) 0.001 0.257 (0.102-0.649) 0.004 1 (ref)

Women (n = 228) 0.527 (0.176-1.579) 0.253 0.982 (0.284-3.396) 0.977 1.230 (0.539-2.806) 0.624 1.480 (0.574-3.815) 0.417 1 (ref)

Tertiles of Tpec

Men (n = 186) 0.890 (0.397-1.996) 0.777 0.980 (0.404-2.372) 0.963 0.465 (0.204-1.061) 0.069 0.423 (0.175-1.022) 0.056 1 (ref)

Women (n = 228) 0.483 (0.188-1.242) 0.131 0.477 (0.162-1.404) 0.179 0.487 (0.204-1.160) 0.104 0.532 (0.200-1.416) 0.206 1 (ref)

Model 1: Adjusted for age; Model 2: Fully adjusted for age, gender, body mass index, systolic blood pressure, diastolic blood pressure, triglyceride, total
cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, fasting blood glucose and serum creatinine. OR values and P-value
were the outcome of binary logistic regression using abnormal diastolic function as the dependent variable.

mortality, atrial fibrillation, and HF[19]. Therefore, similar to the QTc interval, there
may be an optimum for  the dispersion of  cardiac repolarization,  and the risk of
cardiovascular outcomes may be increased at both ends of the spectrum. Further
investigations are necessary to confirm and improve the present findings.

The Tpe/QT ratio is a novel ventricular repolarization variable that is used to
predict cardiac arrhythmias[23]. Some studies have suggested the applicability of Tp-
e/QT ratio as a potentially important index of arrhythmogenesis in congenital and
acquired channelopathies[23,24].  Furthermore, some studies have evaluated the Tp-
e/QT  ratio  as  a  potential  ECG  biomarker  for  predicting  arrhythmia  risk  and
cardiovascular death[25-27]. In the present study, we found an inverse linear association
between the Tpe/QT ratio and the E/A ratio. However, the Tpe/QTc ratio was not
associated with any echocardiographic diastolic function parameters after adjustment
for several important potential confounders. The basis for this finding in unclear, and
additional studies are required.

Our results  should not  be  interpreted to  suggest  that  repolarization variables
measured  on  surface  ECG  can  be  used  to  screen  for  diastolic  dysfunction  on
echocardiography. Furthermore, our current understanding of the role of ventricular
repolarization  in  the  development  or  progression  of  HF  is  limited.  Rather,  our
findings provide evidence showing that ventricular repolarization parameters may be
used as markers of asymptomatic mild diastolic dysfunction. Epidemiological studies
suggest that there is a latent phase during which diastolic dysfunction is present and
progresses in severity before the symptoms of HF arise[28]. This asymptomatic phase
represents a potential time to intervene and thereby prevent symptomatic HF. The
latency  between  dysfunction  and  symptoms  represents  the  best  time  for  using
effective diagnostics and therapies. Identifying a pharmacological intervention to
restore repolarization to a more normal state may be a novel target for therapy.

The  present  study  had  several  limitations  that  require  discussion.  First,  this
research is part of a cross-sectional study, and it is therefore difficult to demonstrate
cause-effect relationships between ventricular repolarization variables and cardiac
diastolic function. A longitudinally designed study is required to confirm the current
findings. Second, the subjects included in this study were recruited from communities
in northern China. Therefore, the findings in the study are not representative of the
general population. Third, a relatively low number of subjects were included in the
study, and the proportion of women (55.1%) was higher than that of men (44.9%).
Fourth, we chose to report the QT and Tpe intervals corrected for heart rate (QTc and
Tpec) using the Bazett formula. The Bazett formula undercorrects the QT interval at
lower heart rates and overcorrects it at higher heart rates[29].  However, the Bazett
formula is the formula that is most often used in research or clinical practice. Fifth,
several  important  parameters,  including LV mass  and QRS durations,  were  not
measured in this study but may affect ventricular repolarization variables[30]. Further
studies are needed to confirm and improve upon the findings of the present study.

In  conclusion,  this  study  reveals  that  even  in  healthy  people,  ventricular
repolarization  variables  are  linearly  associated  with  cardiac  diastolic  function
parameters.  Furthermore,  moderate  levels  of  the  QTc  interval  tend  to  have  a
protective effect on diastolic dysfunction in men. Electromechanical coupling may
represent  a  relationship  between  heterogeneity  of  repolarization  and  abnormal
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myocardial mechanics. A longitudinal study should be performed in the future to
confirm the findings of the current study.

ARTICLE HIGHLIGHTS
Research background
Asymptomatic diastolic dysfunction present for a significant period of time before developing
into symptomatic heart failure (HF), and diastolic electromechanical coupling may represent a
unifier linking diastolic dysfunction, calcium handling, and repolarization abnormalities with
the  development  of  symptomatic  HF.  We  assessed  the  relationship  between  ventricular
repolarization variables, such as the QT interval, Tpe interval and Tpe/QT ratio, and diastolic
function in  an  apparently  healthy Chinese  population through a  community-based cross-
sectional study.

Research motivation
Some studies have reported that electrical repolarization abnormalities are associated with
declining diastolic function in patients with suspected HF, hypertension, and diabetes mellitus.
However, diseases such as hypertension and diabetes mellitus influence both heart structure and
heart  function  and  are  powerful  potential  confounders  of  electromechanical  coupling
measurements. Therefore, this study hopes to determine whether measuring repolarization
variables may provide information valuable for predicting cardiac diastolic function in healthy
people.

Research objectives
The  research  objective  of  this  study  was  to  explore  the  relationship  between  ventricular
repolarization variables and cardiac diastolic function in apparently healthy Chinese individuals.

Research methods
We retrospectively analyzed 414 healthy subjects aged 35-91 years who were enrolled between
September 2007 and June 2008. All subjects underwent standard 12-lead electrocardiography
(ECG) and comprehensive echocardiography. ECG and echocardiography results were analyzed
separately  and in  a  blinded fashion.  Correlation  and regression  analyses  were  applied  to
determine associations. This study is a community-based cross-sectional study.

Research results
Our  research  found  that  even  in  healthy  people,  ventricular  repolarization  variables  are
associated with cardiac diastolic function parameters. Furthermore, moderate levels of the QTc
interval tend to have a protective effect on diastolic dysfunction in men.

Research conclusions
Repolarization variables are associated with cardiac diastolic function even in healthy people.
Electromechanical  coupling  may  represent  a  relationship  between  heterogeneity  of
repolarization and abnormal myocardial mechanics.

Research perspectives
We observed an independent association between ventricular repolarization variables and
cardiac diastolic function in a community-based cross-sectional study. However, a relatively low
number  of  subjects  were  included in  the  study,  and the  cross-sectional  study has  its  own
shortcomings. A longitudinally designed study is required to confirm the current findings.
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Abstract
BACKGROUND
Patients discharged after hospitalization for acute heart failure (AHF) are
frequently readmitted due to an incomplete decongestion, which is difficult to
assess clinically. Recently, it has been shown that the use of a highly sensitive,
non-invasive device measuring lung impedance (LI) reduces hospitalizations for
heart failure (HF); it has also been shown that this device reduces the
cardiovascular and all-cause mortality of stable HF patients when used in long-
term out-patient follow-ups. The aim of these case series is to demonstrate the
potential additive role of non-invasive home LI monitoring in the early post-
discharge period.

CASE SUMMARY
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We present a case series of three patients who had performed daily LI
measurements at home using the edema guard monitor (EGM) during 30 d after
an episode of AHF. All patients had a history of chronic ischemic HF with a
reduced ejection fraction and were hospitalized for 6–17 d. LI measurements
were successfully made at home by patients with the help of their caregivers. The
patients were carefully followed up by HF specialists who reacted to the values
of LI measurements, blood pressure, heart rate and clinical symptoms. LI
reduction was a more frequent trigger to medication adjustments compared to
changes in symptoms or vital signs. Besides, LI dynamics closely tracked the use
and dose of diuretics.

CONCLUSION
Our case series suggests non-invasive home LI monitoring with EGM to be a
reliable and potentially useful tool for the early detection of congestion or
dehydration and thus for the further successful stabilization of a HF patient after
a worsening episode.

Key words: Heart failure; Home monitoring; Lung impedance; Case report; Pulmonary
congestion

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: The monitoring of lung impedance (LI) using the edema guard monitor (EGM)
seems to be a very sensitive tool for detecting an early increase in lung fluid volume.
Non-invasive daily monitoring of LI with the EGM consistently reflects the changes in
the dose of diuretics and responds to other treatment adjustments. The titration of the
diuretic dose, according to LI values, may optimize patient stabilization in the early post-
discharge period.

Citation: Lycholip E, Palevičiūtė E, Aamodt IT, Hellesø R, Lie I, Strömberg A, Jaarsma T,
Čelutkienė J. Non-invasive home lung impedance monitoring in early post-acute heart failure
discharge: Three case reports. World J Clin Cases 2019; 7(8): 951-960
URL: https://www.wjgnet.com/2307-8960/full/v7/i8/951.htm
DOI: https://dx.doi.org/10.12998/wjcc.v7.i8.951

INTRODUCTION
Hospital  readmissions  are  a  challenge  in  the  care  of  heart  failure  (HF)  patients.
Readmissions are stressful for patients and families and, at the same time, might have
financial consequences for health care organizations.  The Hospital  Readmissions
Reduction Program was recently established in the United States.  This  program
involved a public reporting of hospitals’ 30-d risk-standardized readmission rates and
applied financial penalties for hospitals with higher readmissions. The results of such
a health care policy show that focusing mainly on the financial part of health care may
significantly worsen patient care and outcomes[1,2]. In the first 30 d, the patients seem
to be most vulnerable for rehospitalization; therefore, extra attention during this time
period is warranted.

The  impedance-HF  trial  revealed  that  the  use  of  lung  impedance  (LI)  mea-
surements for the guidance of the preemptive treatment of patients with chronic HF
reduced all-cause and HF hospitalizations by 39% and 55%, respectively[3]. In that
study, measurements of LI were done using the highly sensitive, non-invasive device
edema guard monitor (EGM). The EGM is based on an algorithm calculating the chest
wall impedance, which is the preponderant component of the total electrical thoracic
impedance. The subtraction of the chest wall impedance from the latter yields the net
LI, which is the impedance of interest. Decreasing LI values represent the increase of
lung fluid[1]. In previous reports, EGM was used only in the hospital or during regular
outpatient clinic visits. Since EGM seems to be very sensitive to evolving pulmonary
congestion, we hypothesized that it could be an accurate tool for the cautious titration
of the doses of medicines, especially diuretics, ensuring a smooth and swift transition
to follow-up care[3,4].

We present a case series of three patients after an episode of acute heart failure
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(AHF), who had autonomously performed daily home LI measurements using the
EGM during a 1-month follow up period. The aim of this case series is to demonstrate
the  potential  additive  role  of  non-invasive  LI  monitoring  with  EGM  in  patient
stabilization in the early post-discharge period.

The technique of LI measurements and patient monitoring
The measurements were done with the help of the patients’ caregivers once every day
at  the  same  time,  attaching  three  EGM  electrodes  on  the  front  and  three  EGM
electrodes on back side of the chest wall, repeating the measurements 3 times (Figure
1). The LI values were being daily reported to a HF nurse via phone call or SMS, along
with arterial blood pressure (BP), heart rate (HR) and body weight. Two patients
performed  all  30  measurements  (100%)  and  one  29  d  out  of  30  (96.7%).  Echo-
cardiography and laboratory tests were performed before discharge and 1 month
later.

CASE SERIES PRESENTATION
We present three patients suffering from ischemic HF with a reduced ejection fraction,
who were urgently hospitalized because of signs and symptoms of decompensation.

Chief complaints
At admission patients complained of progressing AHF symptoms: dyspnea at mild
physical exertion or at rest, fatigue, palpitations and dizziness.

History of present illness
All patients had a history of chronic ischemic HF with a reduced ejection fraction for
several years.

History of past illness
Patients’ past illnesses are shown in Table 1.

Personal and family history
Patients’ demographic characteristics are presented in Table 1; family history was
unremarkable.

Physical examination upon admission
At admission physical examination of the patients revealed normal BP, tachycardia,
leg edema, fine crackles in the lungs. In Patient 2 several paroxysms of ventricular
tachycardia were seen on electrocardiogram, led by cold sweat, extreme weakness
and decrease of BP.

Laboratory examinations
Laboratory tests parameters are summarized in Table 2.

Imaging examinations
Echocardiographic parameters are shown in Table 2.

FINAL DIAGNOSIS
Based on clinical symptoms, signs and objective findings, acute decompensated HF
was diagnosed in all patients.

TREATMENT
During  hospitalization,  patients  were  treated  medically  according  to  the  ESC
guidelines (Table 2). In Patient 2, several paroxysms of ventricular tachycardia were
documented with a subsequent implantation of a biventricular defibrillator; Patient 3
was additionally treated with an implantation of drug-eluting stents in the left main
and  2  other  coronary  arteries.  Given  the  severe  systolic  dysfunction,  mitral
regurgitation, pulmonary hypertension and anticipated long duration of stenting,
coronary intervention in Patient  3  was protected with extracorporeal  membrane
oxygenation. The dynamics of laboratory, echocardiographic parameters, LI, weight
and discharge HF medications are presented in Table 2.

During the course of 30 d follow-up in all three patients, the dosages of medications
were adjusted remotely with telephone calls or during four unplanned visits to the
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Figure 1

Figure 1  The technique of lung impedance measurements. A: Three electrodes were placed vertically on the
front right side of the chest, 4.5 cm from the midline of the sternum with the upper electrode attached precisely under
the clavicle; B: Another set of 3 electrodes was placed on the back along the horizontal line crossing the low edge of
the right scapula, with the most leftward electrode placed at the crossing point of the horizontal line with the spine; C:
The LI measurement result was displayed as a number on the screen.

outpatient department.

OUTCOME AND FOLLOW-UP
The patients were asked to come for additional assessments due to deteriorating
symptoms,  and  for  laboratory  assessments  when  an  electrolyte  imbalance  or  a
worsening renal function were suspected. All patients were discharged in a better
functional status, but they still remained in functional class III per the New York
Heart Association classification.

Case 1: The dependence of LI values on diuretic intake
Torasemide 50 mg was prescribed in Patient 1 every other day during the first week.
There were 5 d when the patient did not take torasemide at all. Figure 1 illustrates the
high dependence of the LI value on the use of a diuretic: each missed diuretic dose
has caused the mean drop of LI value by 9 points, or 9.5% (maximal LI value was 97.8
Ω,  minimal  82.6  Ω).  The  concomitant  fluctuation  of  the  patient’s  weight  was
negligible, ranging between 0 and 500 g, mostly decreasing (Figure 2).

Case 2: The adjustment of treatment in relation to the LI measurement
For Patient 2, the decrease of LI by -9% and -18%, compared with the initial LI, was
twice treated by increasing the dose of torasemide from 50 to 100 mg daily. During
the follow-up period, the Patient 2’s weight fluctuated between 103.3 to 105.7 kg. In 4
d, when LI had decreased the most, the patient’s weight increased by 200 g (0.2%)
averagely, as compared with the previous day (Figure 3).

Case 3: Dehydration and congestion reflected by LI changes
In Patient 3, the LI value at discharge was 101.8 Ω, while during the next 3 d, it was
high and still increasing (101- > 112- > 117Ω; +15%), pointing to decreasing lung fluid,
yet the patient felt  poorly.  The patient reported a shortness of breath at rest and
during night. On the 4th d, the patient was invited to an unscheduled cardiologist visit;
acute  renal  failure  with  hyperkalemia  and hypochloremia  were  diagnosed.  The
patient was readmitted for 3 d and treated with intravenous fluid and electrolyte
infusion. An acute kidney injury was likely associated with contrast-induced damage
after the complex percutaneous coronary procedure. Subsequently, during a three-
day period (from the 17th to the 20th of the month), Patient 3 gained 800 g in weight,
felt increased dyspnea on the 20th  and 21st  d in parallel with a decrease of LI. The
negative dynamics of  NT-proBNP on the 30th  d  were concordant  with a  gradual
progressive decline of LI during the follow-up (Figure 4).

The correlation between weight changes and LI decrease
In Patient 1 and Patient 3, clinically relevant inverse correlations (a decrease of LI and
an increase in weight) were found. LI had decreased 1 d before the increase of weight
of Patient 1 with a cross-correlation coefficient equal to -0.738 (P < 0.001); in Patient 3,
LI  and  weight  has  had  the  maximum  cross-correlation  at  the  same  day  with  a
coefficient of -0.830 (P < 0.001).
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Table 1  Patients’ demographics, medical history and length of hospital stay

Patient 1 Patient 2 Patient 3

Age 66 62 83

Gender Male Male Female

Medical history

Arterial hypertension + + +

Kidney disease + + +

Myocardial infarction + + +

Revascularization + + +

Atrial fibrillation - + -

Implanted devices Biventricular pacemaker Biventricular defibrillator -

Length of stay (d) 6 17 15

In  the  course  of  a  30  d-follow-up,  the  dosages  of  medications  were  adjusted
remotely via telephone calls reacting to the changes in symptoms, BP, HR or LI in all
three patients.  The patients were asked to come for four unplanned visits  to the
outpatient department when the symptoms had been deteriorating, LI had decreased
but an electrolyte imbalance or a worsening renal function had been concomitantly
suspected. Among other clinical parameters, the values of LI were the main triggers
for adjusting treatment, especially for the dosage of diuretics (Table 3).

DISCUSSION
A variety of tools that quantify changes in lung fluid content have been evaluated to
aid in the early detection of impending HF exacerbation, but in clinical practice, the
prediction  of  pulmonary  congestion  is  still  a  challenge.  Invasive  hemodynamic
monitoring of PA pressure using a permanently implanted pressure sensor and the
titration of diuretics according to pressure values have been reported to decrease
hospitalizations for acute HF during 6 mo[5]. Monitoring of LI is also possible through
the use of OptiVol feature and implanted cardioverter defibrillator or biventricular
pacemaker.Although adding OptiVol  alerts  to  HF management in  observational
studies was shown to improve patient prognosis as well, the positive predictive value
for HF exacerbations was found to be only moderate[6,7].

The main disadavantages of these techniques are invasiveness, relatively high cost
and inapplicability on a routine basis. Non-invasive transthoracic impedance (TI)
measurements are associated with chest congestion, as fluid increases the electrical
conductivity of the tissue[8,9].  The use of conventional electrical  TI equipment for
monitoring pulmonary congestion was found to be insufficiently sensitive and did not
guarantee reliable monitoring of lung fluid content in the individual patient[10]. This
may be explained by the fact that TI consists of the target net LI, which is only a small
fraction of the overall TI, plus the high impedance of the chest walls.

In this case series, we report three patients with acute HF, who were monitored
with the help of the EGM – a highly sensitive, non–invasive, LI measuring device. An
arrangement of three electrodes on each side of the chest allows additional electrical
circuits between electrodes, which enables calculation of the chest wall impedance
and its subtraction from TI; this approach increases the sensitivity of the device to
measure changes in lung fluid content  by approximately 25 times[3].  As a  result,
preemptive treatment of an evolving pulmonary congestion can be initiated very
early,  a  therapeutic  policy  that  has  proven  its  effectiveness  in  patients  with  ST
elevation myocardial infarction[11]. Our experience with these patients suggests the
EGM to be a practical tool that can be used for monitoring of lung fluid, especially
while adjusting the dose of diuretics. We have applied a threshold of approximately
10% for reduction of LI (from the initial value measured on discharge) for therapy
adjustment. This value is based on previous publications showing the LI dynamics
during HF hospitalization and our own experience[12,13]  The presented example of
Patient 1 clearly illustrates a high dependence of the LI value on the use of diuretics,
reflecting an increase in congestion following after the day when the medication was
not taken.

Importantly, the measurement of LI with the EGM at home requires the help of a
caregiver  to  attach electrodes  to  the  chest.  Though not  technically  difficult,  this
dependence on family members may be considered a disadvantage of the method. An
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Table 2  The dynamics of laboratory tests, echocardiography parameters, lung impedance, weight and medications throughout 30 d

Characteristics
Patient 1 Patient 2 Patient 3

Discharge After 30 d Discharge After 30 d Discharge After 30 d

Laboratory tests

NT-proBNP (ng/L) 109 179 3485 2061 2927 5398

Troponin I (ng/L) 13.5 15.4 50.2 20.8 168.0 25.1

Potassium (mmol/L) 5.2 6.3 4.7 4.0 5.1 4.2

Sodium (mmol/L) 139 138 139 139 137 143

Chlorine (mmol/L) 100 95 101 98 98 103

Creatinine (mkmol/L) 133 282 96 103 111 118

eGFR (mL/min per 1.73 m2) 48 19 73 68 40 37

Echocardiography

LV diastolic diameter (mm) 59 56 76 76 71 71

LV ejection fraction 2D (%) 29 27 20 28 23 30

LV ejection fraction 3D (%) 26 29 19 25 35 23

Cardiac output (L/min) 2D 3.1 3.43 4.14 4.68 4.1 3.9

Cardiac output (L/min) 3D 1.7 2.2 4.4 4 4.3 2.2

LV stroke volume 2D (mL) 36 47 41 52 48 58

PCWP (by Nagueh, mmHg) 9.34 12.7 21.0 17 13.0 8.2

Global longitudinal 2D strain (%) -7 -8.8 -6 -3.6 -6.2 -7.7

Right ventricular diameter (cm) 3.3 3.8 5.2 5.3 2.3 1.9

RV S’ (cm/s) 9 11 7 10 15 14

TAPSE (cm) 1.7 1.9 0.6 1.6 2.1 1.9

RV FAC (%) 32.3 35 16.6 28.8 49.6 74.8

Lung impedance (Ω) 88.6 93.0 107.9 97.1 101.8 88.1

Weight (kg) 80 81.3 104 105 60.0 61.8

Medicatio

Percentage of target dose of beta-blocker 25% 50 % 100 % 100% 25% 25%

Percentage of target dose of ACEI 100% 100% 12.5% 25% 50% 25%

Percentage of target dose of Spironolactone 50% - 50% 100% 100% -

Torasemide daily dose (mg) 50 mg (e.s.d.) 10 mg 50 mg 100 mg 25 mg 10 mg

NT-proBNP: N-terminal pro B-type natriuretic peptide; eGFR: Estimated glomerular filtration rate; LV: Left ventricular; PCWP: Pulmonary capillary
wedge pressure; RV S’: Systolic velocity of tricuspid valve; TAPSE: Tricuspid annular plain systolic excursion; FAC: Fractional area change; ACEI:
Angiotensin-converting enzyme inhibitor.

essential aspect is the availability of healthcare professional who daily accepts and
reacts to LI values. Considering data on reduction of HF hospitalizations using this
kind  of  congestion  monitoring[3],  financial  savings  with  EGM  may  be  highly
significant due to the relatively low cost of the device and regular service.

Significant  fluctuations of  LI  were noticed in all  these cases;  moreover,  the LI
change  was  the  most  important  trigger  for  medication  adjustment  compared to
standard monitoring variables,  such as BP,  HR, symptoms and markers of  renal
function.  Though the monitoring of  weight  changes caused by fluid retention is
routinely  recommended  for  HF  patients[13],  several  studies  showed  that  many
episodes of worsening HF did not appear to be associated with weight gain. For
example, in a case-control study 54% of patients hospitalized due to AHF gained ≤ 1
kg during the  month prior  to  admission[14].  This  suggests  that  volume overload
incompletely characterizes the pathophysiology of AHF and redistribution of volume
may also contribute to the development of signs and symptoms of congestion[15,16].

These cases illustrate that LI measurements may represent a more sensitive method
for the evaluation of fluid retention compared to weight and subjective symptoms. In
two out of these three patients,  we found a clinically and statistically significant
correlation (lag -1; 0) of weight increase with the drop of LI. It was shown previously
that the sensitivity of LI for HF hospitalization and the ambulatory adjustment of
diuretics was twice as high as of body weight (83.3% vs 43.9%), and the unexplained
detection rate per patient-year was 1.6 vs 4.8, respectively[17]. The case of Patient 3
illustrates  that  the  LI  measurements  can  sometimes  even  reflect  excessive

WJCC https://www.wjgnet.com April 26, 2019 Volume 7 Issue 8

Lycholip E et al. Non-invasive lung impedance in heart failure

956



Figure 2

Figure 2  The dynamics of lung impedance, weight and diuretic dose for Patient 1. The N-terminal pro B-type natriuretic peptide level was not high at the day of
discharge, but the patient had clear signs and symptoms of congestive heart failure (HF) on admission (shortness of breath, bilateral rales in the lungs, leg edema,
poor left ventricular function on echocardiography). HF with reduced ejection fraction developed after an acute myocardial infarction more than 4 years ago; then, his
BNP was 2611 ng/L, but 2 years after, it had reduced to the level of 200 ng/L. NT-proBNP: N-terminal pro B-type natriuretic peptide; GFR: Glomerular filtration rate.

dehydration, assisting in the detection of not only an under- but also over-dosage of
diuretics.

CONCLUSION
Our first experience with taking LI measurements using the EGM implies the high
sensitivity and potential clinical utility of this tool consistently reflected the changes in
the dose of diuretics. Non-invasive daily monitoring of LI may become an important
component of successful transitions from acute to stable phases of HF, but more
clinical experience is needed in order to find the best algorithms for the reactions of
health care professionals to different LI changes.
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Table 3  Triggers for treatment adjustments reacting to clinical and monitoring parameters

Trigger Intervention Frequency of intervention, times

Symptoms (weakness) Hospitalization because of revealed renal failure, hyperkalemia 1

High HR Increasing the dose of beta-blockers 3

Administration of Ivabradine 1

Uncontrolled BP Increasing the dose of ACE inhibitors 1

Electrolyte imbalance Increasing the dose of Spironolactone and decreasing the dose of Torasemide 1

LI decrease Increasing the dose of beta-blockers and Spironolactone 1

Increasing the dose of ACE inhibitors and beta-blockers 1

Increasing the dose of Torasemide 5

Weight gain - 0

HR: Heart rate; BP: Blood pressure; LI: Lung impedance; ACE: Angiotensin-converting enzyme.

Figure 3

Figure 3  The dynamics of lung congestion, weight, hemodynamics and medication dosage for Patient 2. NT-proBNP: N-terminal pro B-type natriuretic peptide.
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Figure 4

Figure 4  The dynamics of lung congestion, weight and diuretic dose for Patient 3 (in this figure, the legend is different than the others (LI). NT-proBNP: N-
terminal pro B-type natriuretic peptide; GFR: Glomerular filtration rate.
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Abstract
BACKGROUND
Adrenocorticotropic hormone (ACTH)-independent Cushing’s syndrome (CS) is
mostly due to unilateral tumors, with bilateral tumors rarely reported. Its
common causes include primary pigmented nodular adrenocortical disease,
ACTH-independent macronodular adrenal hyperplasia, and bilateral
adrenocortical adenomas (BAAs) or carcinomas. BAAs causing ACTH-
independent CS are rare; up to now, fewer than 40 BAA cases have been
reported. The accurate diagnosis and evaluation of BAAs are critical for
determining optimal treatment options. Adrenal vein sampling (AVS) is a good
way to diagnose ACTH-independent CS.

CASE SUMMARY
A 31-year-old woman had a typical appearance of CS. The oral glucose tolerance
test showed impaired glucose tolerance and obviously increased insulin and C-
peptide levels. Her baseline serum cortisol and urine free cortisol were elevated
and did not show either a circadian rhythm or suppression with dexamethasone
administration. The peripheral 1-deamino-8-D-arginine-vasopressin (DDVAP)
stimulation test showed a delay of the peak level, which was 1.05 times as high as
the baseline level. Bilateral AVS results suggested the possibility of BAAs.
Abdominal computed tomography showed bilateral adrenal adenomas with
atrophic adrenal glands (right: 3.1 cm × 2.0 cm × 1.9 cm; left: 2.2 cm × 1.9 cm × 2.1
cm). Magnetic resonance imaging of the pituitary gland demonstrated normal
findings. A left adenomectomy by retroperitoneoscopy was performed first,
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followed by resection of the right-side adrenal mass 3 mo later. Biopsy results of
both adenomas showed cortical tumors. Evaluations of ACTH and cortisol
showed a significant decrease after left adenomectomy but could still not be
suppressed, and the circadian rhythm was absent. Following bilateral
adenomectomy, this patient has been administered with prednisone until now,
all of her symptoms were alleviated, and she had normal blood pressure without
edema in either of her lower extremities.

CONCLUSION
BAAs causing ACTH-independent CS are rare. AVS is of great significance for
obtaining information on the functional state of BAAs before surgery.

Key words: Bilateral adrenocortical adenomas; Adrenocorticotropic hormone-independent
Cushing’s syndrome; Adrenal venous sampling; Case report

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Bilateral adrenocortical adenomas (BAAs) causing adrenocorticotropic
hormone (ACTH)-independent Cushing syndrome (CS) are rare; up to now, fewer than
40 BAA cases have been reported. The accurate diagnosis and evaluation of BAAs are
critical for determining optimal treatment options. We report a rare case of BAAs
causing ACTH-independent CS, which was diagnosed by adrenal vein sampling (AVS)
and computed tomography before surgery. The patient underwent a bilateral
retroperitoneoscopy adenomectomy and glucocorticoid replacement therapy. Our case
indicates that AVS is of great significance for obtaining information on the functional
state of BAAs before surgery.

Citation: Gu YL, Gu WJ, Dou JT, Lv ZH, Li J, Zhang SC, Yang GQ, Guo QH, Ba JM, Zang
L, Jin N, Du J, Pei Y, Mu YM. Bilateral adrenocortical adenomas causing adrenocorticotropic
hormone-independent Cushing’s syndrome: A case report and review of the literature. World
J Clin Cases 2019; 7(8): 961-971
URL: https://www.wjgnet.com/2307-8960/full/v7/i8/961.htm
DOI: https://dx.doi.org/10.12998/wjcc.v7.i8.961

INTRODUCTION
Inappropriate exposure to excessive concentrations of free glucocorticoids results in
Cushing’s syndrome (CS)[1], with the clinical features of centripetal obesity, moon face,
hirsutism, plethora, and striae, among others. The excess of glucocorticoid comes
from endogenous or exogenous sources[2].  Endogenous causes of CS are rare. The
incidence rates of CS are estimated to be 2 to 3 cases per million people per year in
Europe and 10-15 cases per million people per year in America[3]. Some studies have
revealed that subclinical hypercortisolism is significantly more possible in patients
with  bilateral  incidentalomas [4].  Endogenous  CS  can  be  divided  into  adre-
nocorticotropic  hormone  (ACTH)-independent  and  -dependent  forms.  ACTH-
independent  CS is  mostly due to unilateral  tumors,  with bilateral  tumors rarely
reported.  Its  main  causes  include  ACTH-independent  macronodular  adrenal
hyperplasia (AIMAH), primary pigmented nodular adrenocortical disease (PPNAD),
and  bilateral  adrenocortical  adenomas  (BAAs)  or  carcinomas[5,6].  BAAs  causing
ACTH-independent CS are rare;  up to now, fewer than 40 BAA cases have been
reported. The accurate diagnosis and evaluation of BAAs are critical for determining
optimal treatment options. Herein, we report a Chinese patient with BAAs, who was
diagnosed  with  ACTH-independent  CS  by  adrenal  vein  sampling  (AVS)  and
computed tomography (CT).

CASE PRESENTATION

Chief complaints
A 31-year-old woman, who complained of gaining body weight, red face, moon face,
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bruising,  and menstrual  irregularity  for  two years,  presented  to  our  outpatient
department.

History of present illness
The patient’s symptoms started two years ago with weight gain, red face, moon face,
bruising, and menstrual irregularity.

History of past illness
She  was  diagnosed  with  hypertension  a  month  ago  and  was  medicated  with
nifedipine delayed-release tablets (II)  40 mg twice a day. Her family history was
negative.

Physical examination
Physical examination revealed centripetal obesity, moon face, buffalo hump, thin skin,
hirsutism, acne, striae on her abdomen, arms, and legs, and edema of both lower
extremities. The height of this patient was 159 cm, and her body weight was 73.5 kg.
Her blood pressure was 130/100 mmHg, with a pulse of 84 beats per minute.

Laboratory examinations
Her blood counts were within the normal limits, and she had no serum electrolytes
disorders. The biochemical data showed dyslipidemia. The oral glucose tolerance test
showed impaired glucose tolerance (IGT) and obviously increased insulin and C-
peptide levels. The endocrinological data showed elevated cortisol (761.0 nmol/L)
and 24-h urine free cortisol (UFC) (1650.7 nmol/L) and the absence of a circadian
rhythm and a non-suppression response to dexamethasone (dexamethasone 0.5 mg
every 6 h for 2 d and 2 mg every 6 h for 2 d) administration (Table 1).

Imaging examinations
Abdominal CT showed bilateral adrenal adenomas with atrophic adrenal glands
(right: 3.1 cm × 2.0 cm × 1.9 cm; left: 2.2 cm × 1.9 cm × 2.1 cm), which were enhanced
homogeneously with contrast material (Figure 1).  A magnetic resonance imaging
(MRI) scan of the pituitary gland demonstrated normal findings.

Further diagnostic work-up
The  patient  was  further  evaluated  with  1-deamino-8-D-arginine-vasopressin
(DDVAP). The peripheral DDVAP stimulation test showed a baseline ACTH level of
6.9  pmol/L,  and  ACTH  reached  a  peak  level  (7.26  pmol/L)  at  90  min  after
stimulation, which was 1.05 times as high as the baseline level (Table 2). Then, we
performed bilateral AVS to examine if the two adenomas were cortisol-secreting.
Bilateral AVS results were as follows: the left-side adrenal vein (LAV)-to-peripheral
vein (PV) cortisol gradient was 16.00; the right-side AV (RAV)-to-PV gradient was
8.29; and the ratio of the LAV cortisol-to-left side aldosterone (ALD) gradient to the
RAV cortisol-to-right side ALD gradient was 1.23 (Table 3).

MULTIDISCIPLINARY EXPERT CONSULTATION

Jing-Tao  Dou,  MD,  PhD,  Professor  and  Chief,  Department  of  Endocrinology,
Chinese PLA General Hospital
It is important to know which side is functioning, which is hard to determine by
imaging.  We can do bilateral  AVS to  examine if  the  two adenomas are  cortisol-
secreting.

Ju-Ming Lu, MD, PhD, Professor and Chief, Department of Endocrinology, Chinese
PLA General Hospital
BAAs often: (A) occur in mid-aged females; (B) have varying clinical symptoms; (C)
are a kind of ACTH-independent CS, with hypercortisolism, absence of serum cortisol
diurnal rhythm, and elevated UFC, though ACTH is in the normal range; (D) are 2.0-
3.5 cm in diameter on CT; and (F) have normal finding in MRI of the pituitary. We
should  determine  the  source  of  ACTH,  and  testing  the  rhythm  of  ACTH-F  is
important.

Yong Song, MD, PhD, Assistant Professor, Department of Urology, Chinese PLA
General Hospital
The patient should undergo surgical treatment twice separately after obtaining the
result of bilateral AVS.
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Table 1  Endocrinological study at different periods of bilateral adrenocortical adenomas

Baseline
Low-dose dexam test High-dose dexam test

00:00 h 08:00 h 16:00 h

Before the operation ACTH (pmol/L) 4.26 4.13 3.62 3.51 4.1

F (nmol/L) 606.42 761 618.08 579.34 689.18

UFC (nmol/L) 1650.7 - - 3073.5 2122.6

After unilateral operation ACTH (pmol/L) 7.84 7.86 7.7 9.28 -

F (nmol/L) 391.78 440.08 455.65 414.36 -

UFC (nmol/L) 1024.9 - - 1117 -

After bilateral operations ACTH (pmol/L) 4.66 4.86 3.66 4.93 -

F (nmol/L) <25.7 <25.7 <25.7 <25.7 -

UFC (nmol/L) - <25.7 - - -

Reference range: ACTH at 8 AM, <10.12 pmol/L; F at 8 AM, 198.7-797.5 nmol/L; 4 PM: 85.3-459.6 nmol/L; 0 AM: 0-165.7 nmol/L; UFC: 98.0-500.1 nmol/24
h; dexam: Dexamethasone; ACTH: Adrenocorticotropic hormone; F: Cortical; UFC: Urine free cortisol.

FINAL DIAGNOSIS
The final diagnosis was ACTH-independent CS and BAAs.

TREATMENT
A  left  adenomectomy  by  retroperitoneoscopy  was  performed  on  June  21,  2016.
Irregular gray yellow tissue that measured 3.5 cm × 2.5 cm × 1 cm was observed on
the left side. The cut surface was solid and golden yellow in color. Histologically, a
single well-encapsulated adrenocortical tumor was observed in the adrenal gland. The
Weiss score was 1. The immunohistochemistry results revealed MelanA(+), CgA(-),
Syn(+), Ki-67(+2%), Inhibin-a(+), CK(-), and S-100(spotty+) (Figure 2A, 2B and Figure
3). Resection of the right-side adrenal mass was performed 3 mo later. The biopsy
revealed nodular tissue on the right side measuring 2 cm × 1.8 cm × 1.5 cm. The cut
surface  was  golden  yellow  in  color.  The  Weiss  score  was  1.  The  immuno-
histochemistry results revealed MelanA(+), CgA(-), Syn(+), Ki-67(+2%), Inhibin-a(+),
CK(-), S-100(spotty +) (Figure 2C, 2D and Figure 4).

OUTCOME AND FOLLOW-UP
Evaluations of ACTH and cortisol showed a significant decrease after the surgery. All
of her symptoms were alleviated, and she had normal blood pressure and no edema
in either of her lower extremities. She was administered with prednisone 20 mg once a
day for half a month, which was then tapered to 15 mg once a day for a month and 5
mg twice a day, and finally 2.5 mg twice a day. The last follow-up was on June 5,
2017, at which point all of her symptoms and signs have been alleviated (Figure 5).

DISCUSSION
Our case was confirmed as ACTH independency based on:  (1)  Very low plasma
ACTH with increased serum cortisol  level;  (2)  Unresponsiveness  to  a  high-dose
dexamethasone suppression test; (3) Unresponsiveness to a DDVAP stimulation test;
and (4) MRI scan of the pituitary gland demonstrated normal findings; however, CT
showed bilateral adrenal adenomas with atrophic adrenal glands. According to the
tests above, ACTH-independent CS was diagnosed. Cases of ACTH-independent CS
associated with adrenocortical adenoma are secondary to unilateral adrenocortical
adenomas in approximately 90% of cases[7]. In contrast, bilateral cortisol-secreting
tumors are a rare cause of CS[8].

As  we  know,  the  possibilities  of  bilateral  adrenal  space-occupying  lesion  are
mainly: (1) BAAs; (2) Carcinomas; (3) PPNAD; and (4) AIMAH. Markedly enlarged
bilateral  hyperplastic  adrenal  glands with multiple  macronodules  up to 5  cm in
diameter are a characteristic histopathological feature of AIMAH[1]. This disorder may
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Figure 1

Figure 1  Abdominal computed tomography images. Abdominal computed tomography images show bilateral
adrenal adenomas with atrophic adrenal glands. Arrows indicate tumors with a low density (right, 3.1 cm × 2.0 cm ×
1.9 cm; left, 2.2 cm × 1.9 cm × 2.1 cm). Tumors are homogeneously enhanced in the presence of contrast material.

be associated with other receptors besides ACTH, which are expressed in the adrenal
cortex  ectopically,  such as  gastric  inhibitory polypeptide,  luteinizing hormone/
human chorionic gonadotropin and others[9,10]. PPNAD is another bilateral adrenal
hyperplastic disease; CT scan shows bilateral small discrete nodules between 2 and 5
mm in size without overall enlargement of the glands. The possible mechanism may
be  a  novel  mutation  in  the  type  lα  regulatory  subunit  of  the  protein  kinase  A
(PRKAR1A) gene: p.E17X (c.49G>T), which confirms that the diagnosis of PPNAD
could be one component of Carney complex[11]. While carcinoma seems much more
aggressive,  with a heavier and larger mass,  it  is  always complicated with severe
hypertension, masculinization, hypokalemia, or alkalosis. On CT scan, the tumor is
generally  bigger  than  5  cm in  diameter,  with  heterogeneous  enhancement  with
contrast agent[12]. BAAs were first reported by CHAPELL in 1963[13]. To the best of our
knowledge,  fewer  than  40  BAAs  cases  have  been  reported.  BAAs  are  the  most
significant feature of this case.

The mechanism of BAAs is unclear. Some studies have revealed that steroidogenic
enzymes, such as P450scc,  3β-HSD, P450c21, P450c17, and P450c11, are intensely
expressed in the compact cells of the adenoma, while their expression profiles are
negative in the adjacent non-neoplastic cortex. At the same time, the histological
features may differ between two adenomas[14,15]. It is difficult to distinguish between
functioning or nonfunctioning adrenal cortical masses by the imaging characteristics
on CT scanning[1]. AVS is a helpful method to distinguish between these conditions.
The compound 6 beta-(131I)-iodomethyl-19-norcholesterol (NP-59) is another possible
means for evaluating the function of an adenoma; however, NP-59 scintigraphy is
never a common imaging modality in China. AVS provides important information
concerning the laterality of excessive ALD, but it also has advantages compared with
adrenal scintigraphy and CT in the diagnosis of CS and BAAs[16,17]. However, only a
few cases have been reported with the use of AVS in the diagnosis of BAAs before
surgery. According to the Mayo Clinic[16], AV-to-PV cortisol gradient greater than 6.5
is more likely to be a cortisol-secreting adenoma. In our case, the gradient of LAV-to-
PV  cortisol  was  16,  and  the  RAV-to-PV  cortisol  gradient  was  8.2.  The  “ALD-
corrected” high-side to low-side AV cortisol gradient was 2.3 or greater, which is
consistent with autonomous cortisol secretion from predominantly one adrenal gland;
a gradient of 2.0 or less indicates bilateral cortisol hypersecretion. The ratio of L/R of
our patient was 1.23, less than 2.0. All of these pieces of evidence indicated that the
hypersecretion of cortisol might originate from both adrenal glands. The first case of
BAAs in China was reported in the medical literature by our team[18]. However, the
AVS technique was not available at that time; therefore, we could not determine
which side was functioning before the surgery.

Extirpation of  the  functioning adenoma is  the  optimal  choice  for  bilateral  CS
adenomas[19].  AVS is  a  useful  accessory  examination  before  surgery  to  design  a
surgical  plan that  makes  much more sense.  Some authors  believe that  if  AVS is
unavailable, the larger of the two adenomas should be removed first, and then further
management should be determined according to the postoperative hormone tests.
However, at least 5 years of follow-up examinations is required, because the con-
tralateral  adrenal  adenoma might  have  clinically  significant  endocrine  function
later[1,8]. Bilateral adenomas generally appear at the same time, but there has been a
report of an adenoma appearing 9 years after the contralateral surgery[8]. In our case,
the bilateral adenomas were both functioning; we resected the left one first because of
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Table 2  The results of peripheral 1-deamino-8-D-arginine-vasopressin stimulation test

Time ACTH (pmol/L) F (nmol/L)

-15 min 6.88 640.24

0 min 6.97 624.03

15 min 6.7 637.87

30 min 6.59 590.82

45 min 6.59 625.47

60 min 7.19 598.56

90 min 7.26 524.71

120 min 6.68 577.39

Normally, adrenocorticotropic hormone (ACTH) peaks between 15 min and 30 min after the infusion of
DDAVP, while this patient had delayed peaking. Cushing disease is suspected if the peak level of ACTH is
over 1.5 times much more than the baseline level. We can definitely diagnose it as Cushing disease if it is over
3 times. This patient’s ratio was 1.05, therefore it is not Cushing disease[30]. ACTH: Adrenocorticotropic
hormone; F: Cortisol.

its thriving function on AVS. Three months later, we removed the right adenoma.
When bilateral  adrenal  tumors are considered,  a  unilateral  or  bilateral  adenoma
resection is a better choice if functional adrenal tissue can be preserved to avoid acute
adrenal insufficiency or lifelong steroid replacement. However, how much residual
adrenal tissue is required for adequate adrenal function has not been much known[18].
Brauckhoff  estimated that  preservation of  approximately one-third of  the entire
adrenal gland could provide sufficient function[20]. Several authors have advocated
preserving the adrenal vein, because adequate venous preservation may be important
for  maintaining  the  functionality  of  the  remnant  tissue[21,22].  But,  in  most  cases,
impaired adrenocortical function is likely caused by atrophy of the normal adrenal
tissue. Few studies have demonstrated the feasibility of a partial adenomectomy for
BAAs. Glucocorticoid therapy has to be employed to maintain the balance of water
and electrolyte metabolism after surgery. Some studies have reported that long-term
inadequate  corticosteroid  replacement  therapy might  provoke  pituitary  ACTH-
producing hyperplasia  adenoma[23-26].  Therefore,  proper  use  of  corticosteroids  is
significantly important. It has been suggested that corticosteroid replacement therapy
can be divided into several doses (for example, it can be divided equally into three
doses a day, taken at 9:00, 14:00, and 20:00 or 2/3 of a total dose in the morning and
1/3 in the early afternoon)[27].

Based  on  the  reported  cases,  the  clinical  characteristics  of  BAAs  could  be
summarized  as:  (1)  Mainly  occurring  in  mid-aged  females;  (2)  Varying  clinical
symptoms, though most patients visit hospital because of typical symptoms; (3) Being
a kind of ACTH-independent CS, with hypercortisolism, absence of serum cortisol
diurnal rhythm, elevated UFC, and no suppression of serum cortisol after low-dose or
high-dose dexamethasone suppression testing, while ACTH cannot be tested or is in
the normal range, resulting in no reaction to the ACTH stimulation test; (4) Probably
different pathological features and functioning state; (5) Bilateral well-encapsulated
adenomas of 2.0 cm - 3.5 cm in diameter on the CT scan, with the presence of single or
numerous nodules[19,28]; and (6) Normal findings of the MRI of the pituitary[19]. It has
been  reported  that  except  for  glucocorticoids,  BAAs  could  also  secrete  mi-
neralocorticoids and androgen[29]. In our patients, the plasma renin activity, the ALD
concentration, the ALD-to-renin ratio, and the urine epinephrine and dopamine levels
were in the normal range, while norepinephrine was only elevated slightly.

CONCLUSION
When patients present with bilateral adrenal lesions, it is crucial to make a definitive
diagnosis  before  operation since  various  treatments  are  prescribed for  different
causes.  Few cases  of  BAAs diagnosed using  AVS have  been  reported.  Our  case
indicates that AVS might be useful for obtaining differential diagnoses in such cases.
Once considering BAAs, it is not recommended that bilateral adenomas be removed
simultaneously. Hormone replacement therapy may be needed for fear of adrenal
insufficiency,  and  the  tapered  discontinuation  of  the  replacement  therapy  is
necessarily slow.
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Table 3  The results of bilateral adrenal vein sampling

LAV RAV L/R PV

ACTH (pmol/L) 8.50 8.73 / 9.10

F (nmol/L) 11093.75 5746.61 14.86 693.38

ALD (ng/dL) 13.95 8.90 / 5.0

F/ALD 795 645 1.23 /

An AV-to-PV cortisol gradient greater than 6.5 is consistent with a cortisol-secreting adenoma. In our case, the LAV-to-PV cortisol gradient was 16, and the
RAV-to-PV cortisol  gradient  was 8.2.  The “aldosterone-corrected” high-side to low-side AV cortisol  gradient  was 2.3  or  greater,  consistent  with
autonomous cortisol secretion predominantly from one adrenal gland; a gradient of 2.0 or less indicates bilateral cortisol hypersecretion. The ratio of L/R
of our patient was 1.23, less than 2.0. All of these pieces of evidence indicated that the hypersecretion of cortisol might originate from both adrenal
glands[17]. ACTH: Adrenocorticotropic hormone; F: Cortisol; LAV: Left side adrenal vein; RAV: Right side adrenal vein; L/R: (left side adrenal vein
cortisol/  left  side  aldosterone):  (right  side  adrenal  vein  cortisol/right  side  aldosterone);  PV:  Peripheral  vein;  ALD:  Aldosterone;  F/ALD:
Cortisol/aldosterone.

Figure 2

Figure 2  Histological characteristics of the adenomas (Hematoxylin-eosin staining). A-D: The left (A: ×40, B: ×100) and right (C: ×40, D: ×100) adenomas
comprised both clear cells and compact cells.
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Figure 3

Figure 3  Immunohistochemical staining of the left adrenal adenoma (×100). A and B: Areas negative for chromogranin A (CgA) (A) and cytokeratin (CK) (B); C-
E: Tumor cells exhibiting strong staining for inhibin (C), synaptophysin (Syn) (D), and MelanA (E); F and G: Most parts of the tumor showed a proliferation index < 2%
(F) and spotty positivity for S100 (G).
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Figure 4

Figure 4  Immunohistochemical staining of the right adrenal adenoma (×100). Areas negative for chromogranin A (CgA) (A) and cytokeratin (CK) (B), where
some tumor cells exhibited positive staining for inhibin (C), synaptophysin (Syn) (D), and MelanA (E). Most parts of the tumor show a proliferation index < 2% (F) and
spotty positivity for S100 (G).
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Figure 5

Figure 5  The timeline of this case report.
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Abstract
BACKGROUND
Hepatic epithelioid angiomyolipoma (HEAML) is a rare liver disease and is
easily misdiagnosed. Enhanced recognition of HEAML is beneficial to the
differential diagnosis of rare liver diseases.

CASE SUMMARY
We presented two cases of HEAML in Changzheng Hospital, Naval Medical
University, and then collected and analyzed all reports about HEAML recorded
in PubMed, MEDLINE, China Science Periodical Database, and VIP database
from January 2000 to March 2018. A total of 409 cases of HEAML in 97 reports
were collected, with a ratio of men to women of 1:4.84 and an age range from 12
years to 80 years (median 44 years). Among the patients with clinical symptoms
mentioned, 61.93% (205/331) were asymptomatic, 34.74% (115/331) showed
upper or right upper quadrant abdomen discomfort, while a few of them showed
abdominal mass, gastrointestinal symptoms, low fever, or weight loss. The
misdiagnosis rate of HEAML was as high as 40.34% (165/409) due to its
nonspecific imaging findings. Most of the tumors were solitary and round in
morphology, with clear boundaries. Ultrasound scan indicated low echo with
internal nonuniformity and rich blood supply in most cases. Computer
tomography/magnetic resonance imaging enhanced scan showed varied
characteristics. The ratio of fast wash-in and fast wash-out, fast wash-in and slow
wash-out, and delayed enhancement was roughly 4:5:1. A definite diagnosis of
HEAML depended on the pathological findings of the epithelioid cells in lesions
and the expression of human melanoma black 45, smooth muscle actin,
melanoma antigen, and actin by immunohistochemical staining. HEAML had a
relatively low malignant rate of 3.91%. However, surgical resection was the main
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treatment for HEAML, due to the difficulty diagnosing before operation.

CONCLUSION
HEAML is a rare and easily misdiagnosed disease, and it should be diagnosed
carefully, taking into account clinical course, imaging, pathological ,and
immunohistochemical findings.

Key words: Hepatic epithelioid angiomyolipoma; Imaging; Pathology; Misdiagnosis;
Potentially malignant; Case report
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Core tip: Hepatic epithelioid angiomyolipoma (HEAML) is a rare and easily
misdiagnosed disease, with a misdiagnosis rate as high as 40.34% and a relatively low
malignant rate of 3.91%. In this work, we presented two cases of primary and secondary
HEAML and analyzed the 409 cases of HEAML recorded in PubMed, MEDLINE,
China Science Periodical Database, and VIP database from January 2000 to March 2018.
This pooled analysis of HEAML, in view of clinical course, imaging, pathological and
immunohistochemical findings, may provide a better understanding of HEAML.

Citation: Mao JX, Teng F, Liu C, Yuan H, Sun KY, Zou Y, Dong JY, Ji JS, Dong JF, Fu H,
Ding GS, Guo WY. Two case reports and literature review for hepatic epithelioid
angiomyolipoma: Pitfall of misdiagnosis. World J Clin Cases 2019; 7(8): 972-983
URL: https://www.wjgnet.com/2307-8960/full/v7/i8/972.htm
DOI: https://dx.doi.org/10.12998/wjcc.v7.i8.972

INTRODUCTION
Hepatic  epithelioid  angiomyolipoma  (HEAML)  is  a  rare  subtype  of  hepatic
angiomyolipoma (AML).  It  is  a  hepatic  mesenchymal  neoplasm with  malignant
potential  that  is  primarily  composed  of  epithelioid  cells.  Retrieved  from  major
databases, a total of 409 cases of HEMAL have been reported with a misdiagnosis rate
as high as 40.34% (165/409) due to its non-specific manifestations. Here we presented
two cases of HEAML in Changzheng Hospital, Naval Medical University, Shanghai
and made pooled analysis on the diagnosis and prognosis of HEAML. This work was
performed in  accordance with  the  Declaration of  Helsinki  and approved by the
Institutional Ethics Committee of Changzheng Hospital. Written informed consents
were  obtained from the  2  patients  for  using  their  data  for  clinical  research  and
publication.

CASE PRESENTATION

Case 1
History and physical examination:  A 40-year-old female patient was admitted to
hospital because "health examination revealed hepatic space-occupying lesion 1 wk
ago". The patient had no obvious positive clinical manifestations and positive signs.

Diagnostic imaging: Ultrasound and computed tomography (CT) scan suggested a
mass of 5 cm × 3 cm in the right lobe of liver (Figure 1A). The hepatitis B surface
antigen and tumor markers,  such as alpha fetoprotein (AFP),  carcino-embryonic
antigen (CEA), carbohydrate antigen (CA) 199, and CA125, were all negative.

Histopathology: The postoperative pathological diagnosis was HEAML (potentially
malignant) (Figure 1B-C). Immunohistochemistry results were as follows: Antigen
Ki67 (Ki67) (1% positive),  human melanoma black 45 (HMB45) (positive in some
cells),  smooth muscle actin (SMA) (weak positive),  soluble protein-100 (S100) (-),
cluster of differentiation (CD) 34 (positive in vessels),  calponin (++) (Figure 1D),
estrogen receptor  (positive  in  some cells)  (Figure  1E),  progesterone receptor  (+)
(Figure 1F), Keratin-pan (Kpan) (weak positive) (Figure 1G), epithelial membrane
antigen (EMA) (-), vimentin (partially positive) (Figure 1H), neuron-specific enolase (-
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Figure 1

Figure 1  Imaging and pathological immunohistochemical findings of case 1. A: Computed tomography scan suggested a mass of 5 cm × 3 cm in the right lobe
of liver; B, C: The postoperative pathological diagnosis was hepatic epithelioid angiomyolipoma (HE staining, B: × 100, C: × 400); D-I (× 200): Immunohistochemistry
results were as follows: Calponin (++) (D); estrogen receptor (positive in some cells) (E); progesterone receptor (+) (F); K-pan (weak positive) (G); vimentin (partially
positive) (H); and actin (partially positive) (I). HE: Hematoxylin and eosin.

), actin (partially positive) (Figure 1I), AFP (weak positive), and hepatocyte paraffin-1
(HepPar)-1 (-).

Case 2
History of illness: A 39-year-old female patient underwent left nephrectomy due to a
left  kidney space-occupying lesion in  October,  2009.  Postoperative  pathological
examination suggested epithelioid AML. In April 2010, abdominal CT revealed left
retroperitoneal lymph node enlargement, which was biopsied afterwards by surgery.
Pathological examination prompted a diagnosis of AML. The patient was treated by
radiotherapy and high intensity focused ultrasound during the next few years but did
not achieve a complete cure.

Imaging examination, histopathology: In routine review on 8 July 2014, ultrasound
and CT scan revealed a mass with a maximum diameter of about 6 cm in liver. A CT-
guided liver tumor puncture biopsy was performed (Figure 2A), and the pathological
diagnosis suggested metastatic HEAML (Figure 2B-D). Immunohistochemistry results
were as follows: Ki67 (1% positive), HMB45 (+), melanoma antigen (Melan-A) (+),
SMA (+), S100 (-), EMA (-), vimentin (partially positive), AFP (-), and HepPar-1 (-). On
25 July 25 2014, chest CT revealed multiple micronodules in the right lung, the largest
one of which was approximately 4 mm and located in the superior lobe.
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Figure 2

Figure 2  Computed tomography guided percutaneous liver tumor puncture and pathological findings of case
2. A: Computed tomography scan revealed a mass of 3.5 cm × 3.0 cm in liver; B-D: The pathological diagnosis
suggested metastatic hepatic epithelioid angiomyolipoma (HE staining, B: × 100, C: × 200, D: × 400).

FINAL DIAGNOSIS

Case 1
The patient was diagnosed with primary HEAML.

Case 2
This patient was diagnosed as a secondary HEAML of renal origin.

TREATMENT

Case 1
The patient  underwent  liver  resection on the  third  day after  admission.  During
intraoperative exploration, a mass with medium texture and clear boundaries was
found located in segment 6,  protruding from the liver surface,  while no satellite
lesions were discovered.

Case 2
The patient underwent transcatheter arterial chemoembolization six times between 28
July  28  2014  and  10  March  2016.  During  that  period,  chest  CT  and  abdominal
magnetic resonance imaging (MRI) was performed repeatedly and confirmed the
presence of bilateral lung nodules, liver space-occupying lesion, and retroperitoneal
lymph node enlargement.

OUTCOME AND FOLLOW-UP

Case 1
The patient recovered well after surgery and was discharged on the postoperative day
9. There was no relapse during the 3 years of follow-up.

Case 2
The patient ultimately died on 15 October 2016 due to systemic metastasis of the
tumor and multiple organ failure.
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DISCUSSION

Literature review
General data: We collected all reports related to HEAML recorded in the PubMed,
MEDLINE, China Science Periodical Database, and VIP database from January 2000 to
March 2018. A total of 64 articles were enrolled into analysis after excluding 32 articles
without valuable data and five articles with repeated data[1-64]. In total, there were 409
cases, of which 386 presented as single tumor and 23 presented as multiple tumors.
The male to female ratio was 1:4.84, with 70 males and 339 females. The median age
was  44  years  old,  ranging  from  12  years  to  80  years  old.  Of  the  patients  with
symptoms  mentioned  in  articles,  61.93%  (205/331)  were  asymptomatic  when
ultrasound or imaging examination discovered the tumors, while 34.74% (115/331)
present with discomfort of the upper abdomen. Fourteen patients had a history of
hepatitis  B.  Seven  patients  had  tuberous  sclerosis  complex  (TSC).  The  amino-
transferases were abnormal in 4 patients. The CA199 level was elevated in 4 patients.
Two patients had a history of breast cancer, while one patient was comorbid with
cholangiocarcinoma and had elevated CA125 level. Two patients were comorbid with
hepatic  hemangioma,  one patient  was comorbid with gallstone disease,  and one
patient was comorbid with cirrhosis due to schistosomiasis.

The tumor was located in the right lobe in 181 cases, left lobe in 153 cases, and
caudate lobe in 12 cases. The maximum diameter of the tumor ranged from 1 cm to 20
cm, with a median of 5.9 cm. Among the cases with tumor morphology described,
tumors were round in 86 cases (85.15%) and lobular or irregular in 15 cases (14.85%),
while tumors were well  defined in 116 cases (84.67%) and ill-defined in 21 cases
(15.33%).

Ultrasonography:  Ultrasound usually indicated low echo on HEAML, with clear
boundary, internal nonuniformity, and rich blood supply. A low echo halo presented
in 27.66% cases (13/47). Contrast-enhanced ultrasonography revealed that all lesions
appeared homogeneous hyperechoic during arterial phase, and most lesions appeared
homogeneous isoechoic during portal and delayed phase (Table 1).

CT: HEAML mostly showed as slightly low density with nonuniformity on CT plain
scan. The lesions were obviously or moderately enhanced in arterial phase, and the
enhancement decreased during portal and delayed phase in most cases. The enhanced
scan showed varied characteristics. The ratio of fast wash-in and fast wash-out, fast
wash-in and slow wash-out, and delayed enhancement was roughly 4:5:1. The central
vessel sign could be seen in 75.80% of the cases (119/157), and the early drainage
veins, which returned into branches of hepatic vein or portal vein, could be seen in
61.48% of the cases (75/122). HEAML usually had no capsule. When the tumor was
large  enough,  it  might  oppress  the  surrounding  liver  parenchyma  to  form  an
incomplete pseudocapsule (Table 2).

MRI:  MRI scan usually suggested inhomogenous and low T1 weighted imaging
(T1WI) signal and an increase in T2WI and diffusion weighted imaging (DWI) signal.
Gadolinium ethoxybenzyl diethylenetriamine pentaacetic acid enhanced scan usually
showed marked enhancement in the arterial  phase,  which was decreased during
portal and delayed phase (Table 3).

Diagnosis and treatment: Preoperative diagnosis of HEAML was difficult. Among
the  409  cases,  59  cases  were  preoperatively  misdiagnosed  as  benign  diseases,
including 16 cases of focal nodular hyperplasia, 15 cases of hepatocellular adenoma
(HCA), 11 cases of AML, five cases of hemangiomas, one case of hamartoma, and 11
cases of unclassified tumors.  One hundred and four cases were misdiagnosed as
malignant  diseases,  including 71  cases  of  hepatocellular  carcinoma,  one  case  of
cholangiocarcinoma, five cases of  metastatic  cancer,  three cases of  mesenchymal
tissue-derived tumors (angiosarcoma, liposarcoma, etc), and 24 cases of unclassified
tumors.  Another  two  cases  were  not  diagnosed  clearly  preoperatively.  The
misdiagnosis rate was thus as high as 40.34% (165/409)[5-12,18-19,22-24,30-39,43-47,51-53,56,62-63].
Surgical  resection  was  the  main  treatment  for  HEAML,  due  to  the  difficulty
diagnosing before operation.  For those not suitable for hepatectomy, ablation or
interventional therapy could be the alternative treatment after puncture biopsy for
pathological diagnosis.

Gross appearance: In general, the section of HEAML was incanus and grayish yellow
or grayish red, and the texture was soft mostly. Most of the HEAML had no capsule,
with clear or  relatively clear boundaries.  For HEAMLs,  40.27% (60/149)  were a-
ccompanied by hemorrhage and necrosis, and 33.33% (23/69) were comorbid with fat
lesions. Cystic degeneration occurred in 14.04% (16/114) of the tumors (Table 4).
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Table 1  Ultrasound and contrast-enhanced ultrasonography of hepatic epithelioid
angiomyolipoma

Items Cases

Ultrasound

Echo (low/mixed/high) 54/8/24

Internal uniformity (heterogeneity/homogeneity) 37/38

Boundary (clear/indistinct) 55/5

Hypoechoic halo (Y/N) 13/34

Blood supply (rich/abundant/rare) 22/6/7

Contrast-enhanced ultrasonography

Arterial phase (high/middle/low) 15/0/0

Portal phase (high or slightly high/middle/low or slightly low) 4/8/3

Delay phase (high or slightly high/middle/low or slightly low) 3/7/5

Microscope  appearance:  Epithelioid  tumor  cells  could  be  observed  under  the
microscope and arranged irregularly in nodules or flaky structures, with relatively
obvious atypia. Sometimes multinucleated giant cells and ganglion-like large cells
could be observed. Generally, epithelioid tumor cells were round, polygonal, or short-
spindle in shape and were radially distributed around thin-walled blood vessels or
muscular arteries. The cytoplasm was abundant and slightly eosinophilic staining.
Sometimes the cytoplasm was clear and contained adipose vacuoles. The centrally
located nuclei were large, round, or oval in shape. The nucleoli were obvious and
mitotic figures were rare.

Immunohistochemistry:  Immunohistochemical  examination  revealed  that  the
expressions of HMB45, SMA, Actin, Melan-A, macrophage marker 387, melanoma
antigen recognized by T-cells 1, A103, etc were positive. The expressions of CD31,
CD34 on vascular wall, vimentin, pp70S6K, and MyoD1 were positive in about half of
the cases. In a few cases, the fat S-100, CD68, desmin, muscle specific actin, human
myeloperoxidase (MPO), E-cadherin, and b-cadherin was positive or weakly positive.
The Kpan, AFP, HepPar-1, EMA, CEA, CD117, and p53 was basically negative (Table
5). The Ki-67 expression ranged from < 1% to 15%, with a median of 1.96%.

Follow-up: The duration of follow-up was 2 mo to 180 mo, with a median of 31 mo.
The rate of malignancy was 3.96% (16/409). Notably, among the 16 malignant cases,
only 1 case was diagnosed potential  malignancy on pathology,  other cases were
identified  malignancy  because  of  intrahepatic  recurrence  (6  cases)  and  distant
metastases (9 cases). Among those metastatic cases, 2 cases were lung metastasis and 1
case was bone metastasis, while other cases were not specified the sites of metastasis.
The time of postoperative relapse was 5 mo to 108 mo, with a median of 42.5 mo.

Discussion
Since  Bonetti  and colleagues  first  described AML in 1992,  it  has  gradually  been
increasingly recognized as a relatively rare mesenchymal tumor. AML was most
commonly found in the kidney and less often in the liver. Most patients with hepatic
AML were  female  and asymptomatic,  and  the  masses  usually  occurred  in  non-
cirrhotic liver without serological abnormalities. In most cases, hepatic AML was
discovered incidentally during regular health check-ups or examinations for other
diseases. The pathogenesis of hepatic AML has not yet been clarified. There was an
association with TSC in more than 50% of the AML in the kidney, but this association
had been estimated to be only 5%-15% of the patients presenting with solitary liver
tumors. In our review, TSC was found in 7 patients (1.7%), which might be under-
estimated due to incomplete information. However, TSC was probably a risk factor
for malignant behavior of epithelioid AML[65].  Histologically, it  was composed of
blood vessels,  adipose tissue,  and smooth muscle.  Compared with typical  AML,
HEAML was histologically dominated by epithelioid cells and contained much less
adipose cells.

HEAML occurred primarily in young and middle-aged females, with an average
age of 45 years old at the time of diagnosis. The male to female ratio was about 1:4.84.
Approximately two-thirds of patients were found to be asymptomatic on physical
examination, while one-third of patients presented with discomfort or swelling pain
of  the  epigastrium  or  right  upper  quadrant.  A  few  patients  presented  with  an
abdominal mass, poor appetite, nausea and vomiting, anemia, fatigue, low fever,
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Table 2  Preoperative computed tomography manifestations of hepatic epithelioid angiomyolipoma

Items Cases

Computed tomography

Plain scan phase

Uniformity (uniform/non-uniform) 15/24

Density (low density/equidensity) 63/9

Arterial phase (Obvious uniform enhancement/apparent or moderate non-uniform enhancement) 54/53

Portal phase (obvious enhancement/enhancement reduction) 33/42

Delayed phase (sustained moderate enhancement/enhancement reduction) 23/30

Characteristic manifestations

Central vessel sign (Y/N) 119/38

Early drainage veins (Y/N) 75/47

Enhancement mode (fast wash-in and fast wash-out/fast wash-in and slow wash-out/delayed enhancement) 67/83/15

Pseudocapsule (Y/N) 65/73

weight loss, changes in bowel habits, etc[1]. Patients usually had no hepatitis, cirrhosis,
or family history of this type of tumor. The common tumor markers were almost all
negative.

HEAML imaging findings included: (1) Most of the tumors were solitary and round
in morphology, while a few were lobulated or irregular, with clear boundaries; (2)
Ultrasound scan indicated low echo with internal nonuniformity, clear boundary, and
rich blood supply in most cases, sometimes with low echo halo. Contrast-enhanced
ultrasound showed that  all  lesions  appeared  homogeneous  hyperechoic  during
arterial phase, and most lesions appeared homogeneous isoechoic during portal and
delayed phase; (3) CT plain scan usually showed low density lesions, which was
obviously or moderately enhanced in arterial phase, and the enhancement decreased
during  portal  and  delayed  phase  in  most  cases;  (4)  Most  of  the  lesions  were  a-
ccompanied by central vessels and early drainage veins, which afflux into branches of
the hepatic vein or portal vein; (5) The enhanced scan showed varied characte-ristics.
The ratio of fast wash-in and fast wash-out, fast wash-in and slow wash-out, and
delayed enhancement was roughly 4:5:1; (6) HEAML usually had no capsule. When
the tumor was large enough, it might oppress the surrounding liver parenchyma to
form an incomplete pseudocapsule. Recognizing the imaging features of no capsule,
and hypervasularity with central punctiform or filiform vessels as a characteristic
enhancement may distinguish Epi-HAML from other hepatic tumors[30]; and (7) MRI
scan usually suggested inhomogenous and low T1WI signal, and increase in T2WI
and DWI signal.  Gadolinium ethoxybenzyl  diethylenetriamine  pentaacetic  acid
enhanced scan usually showed marked enhancement in arterial phase, which was
decreased during portal and delayed phase.

The preoperative misdiagnosis rate was as high as 40.34% (165/409) because of the
non-specific  clinical  and imaging manifestations of  HEAML. It  was necessary to
differentiate  with  hepatocellular  carcinoma,  focal  nodular  hyperplasia,  HCA,
hemangiomas, and metastatic cancers when making diagnosis. Currently, the major
treatment strategy was surgical resection. In general, HEAML had no capsule, but
presented  with  clear  boundaries.  HEAML demonstrated  expansive  growth  and
squeezed the adjacent liver parenchyma. Internal hemorrhage and necrosis was more
common  than  typical  AML.  The  definitive  diagnosis  of  HEAML  depended  on
pathological findings of epithelioid cells in the lesions, and the immunohistochemical
findings of melanoma specific markers (HMB45, Melan-A) and myogenic markers
(SMA, muscle specific actin, Actin).

Most of the HEAMLs were benign, with a relatively low malignant rate of 3.91%
(16/409). Notably, 15 cases of malignancy were identified because of intrahepatic
recurrence  or  distant  metastasis,  while  the  pathological  examination  did  not
demonstrate malignancy distinctly on the first operation. The malignant HEAML
mainly metastasize to the lung and bones and could involve multiple organs in severe
cases. The median time of postoperative relapse was 42.5 mo. Therefore, periodic
reexamination was needed to prevent recurrence,  especially within 5 years after
surgery,  just  like  gastrointestinal  tumors.  In  addition,  the  HEAML  could  be
secondary, with primary lesions mostly originated from kidney. The second case
reported in this article initially presented as retroperitoneal lymph node enlargement
1 year after renal EAML resection, and eventually exhibited liver and lung metastases
5 years after the surgery. Secondary HEAML has rarely been reported. Among the 17
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Table 3  Preoperative magnetic resonance imaging and gadolinium ethoxybenzyl
diethylenetriamine pentaacetic acid enhanced scan manifestations of hepatic epithelioid
angiomyolipoma

Items Cases

Magnetic resonance imaging

T1WI

Low, slightly low signal/equisignal/high signal 107/1/1

Slightly uniform/non-uniform 13/26

T2WI

Slightly high signal/high signal 39/70

Slightly uniform/non-uniform 3/29

DWI

Slightly high signal/high signal 13/51

Slightly uniform/non-uniform 4/15

Gd-EOB-DTPA

Arterial phase

Homogeneous enhancement/heterogeneous enhancement 29/21

Obvious enhancement/Medium enhancement 47/7

Portal phase

Continuous enhancement/enhancement weakened 22/29

Delayed phase

Continuous enhancement/enhancement weakened 1/2

T1WI: T1 weighted imaging; DWI: Diffusion weighted imaging; Gd-EOB-DTPA: Gadolinium ethoxybenzyl
diethylenetriamine pentaacetic acid.

secondary cases reported[8,37,66-71], 5 cases turned to multiple metastases. Secondary
HEAML had no significant differences from primary HEAML in terms of clinical
manifestations, imaging findings, pathology, and immunohistochemistry.
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Table 4  Gross appearance of hepatic epithelioid angiomyolipom

Items Cases or manifestations

Section Mostly incanus, grayish yellow or grayish red

Capsule (Y/N) 10/53

Boundary Clear

Texture (slightly soft/medium/slightly dense) 65/6/18

Hemorrhage or necrosis (Y/N) 60/89

Fat lesions (Y/N) 23/46

Cystic degeneration (Y/N) 16/98

Table 5  Immunohistochemistry markers of hepatic epithelioid angiomyolipoma

Markers Positive/weakly positive/negative (+/±/-) Positive rate

HMB45 219/2/5 97.35%

S-100 19/5/63 24.71%

SMA 128/15/32 77.43%

MSA 4/10/1 60%

Actin 32/1/5 85.53%

Melan-A 91/1/22 80.70%

CD31 2/0/2 50%

CD34 38/0/34 52.78%

CD68 2/6/5 33.33%

CD117 0/0/13 0%

Vimentin 23/11/17 55.88%

Kpan 0/0/101 0%

HepPar-1 0/0/52 0%

MAC387 6/0/0 100%

EMA 0/0/30 0%

Desmin 0/20/30 20%

MART-1 24/0/1 96%

CEA 1/0/9 10%

AFP 0/1/66 0.75%

MPO 0/1/1 25%

p53 0/0/9 0%

E-cadherin, b-cadherin 0/1/4 10%

pp70S6K 1/2/1 50%

MyoD1 2/2/1 60%

HMB45: Human melanoma black 45; SMA: Smooth muscle actin; MSA: Muscle specific actin; Melan-A: Melanoma antigen; EMA: Epithelial membrane
antigen; CEA: Carcino-embryonic antigen; AFP: Alpha fetoprotein; MPO: Human myeloperoxidase.
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Abstract
BACKGROUND
Over the past years, only few cases of follicular lymphoma diagnosed by
laparoscopy have been reported in the world. Since follicular lymphoma related
ascites often causes occult disease and lacks specific clinical manifestations, it is
often difficult to identify the cause by routine laboratory tests and imaging
methods. Diagnostic experience is not sufficient and more cases need to be
accumulated for further analysis.

CASE SUMMARY
Ascites due to unknown reasons often causes problems for clinical diagnosis and
treatment. In this paper, we report one case with ascites in whom the reason
causing ascites was not identified through routine examination. Laparoscopic
examination of the celiac lesions and histological examination of the lesions were
performed and the final diagnosis was peritoneal follicular lymphoma.

CONCLUSION
Laparoscopic abdominal examination is of great significance for the definite
diagnosis of ascites due to an unknown reason.

Key words: Follicular lymphoma; Laparoscopy; Ascites; Case report
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Core tip: Over the past years, only few cases of follicular lymphoma diagnosed by
laparoscopy have been reported in the world. Since follicular lymphoma related ascites
often causes occult disease and lacks specific clinical manifestations, it is often difficult
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INTRODUCTION
Ascites is a clinical manifestation of many diseases and can be due to a variety of
causes. Any pathological condition that results in an intraperitoneal fluid volume of
more than 200 mL is called ascites. Since ascites often causes occult disease and lacks
specific clinical manifestations, it is often difficult to identify the cause by routine
laboratory tests and imaging methods. There are many causes of ascites, and the most
common causes are cardiovascular diseases, liver diseases, peritoneal diseases, kidney
diseases, connective tissue diseases, and malignant tumors. Identifying the cause of
ascites plays a crucial role in the treatment and prognosis of patients. Laparoscopic
examination of the abdominal cavity can observe intraperitoneal lesions and allows
the pathological biopsy. Using this method, the diagnostic positive rate is high, the
trauma is small, and the risk is low. It is very important to diagnose ascites cases due
to unknown reasons[1]. Our department used laparoscopic abdominal examination
and diagnosed a case of ascites caused by follicular lymphoma. The relevant case data
are summarized as follows.

CASE PRESENTATION

General information
The patient (male, 60 years old) was admitted to our department in May 2017.

Chief complaints
Abdominal bloating for one month.

History of present illness
The patient presented abdominal distension without obvious inducement 1 month
ago, and was aware that the abdominal distension was more obvious in a few days,
which affected breathing and daily life. During the course of the disease, the patient
had no diarrhea, abdominal pain, nausea, vomiting, fearlessness, cold, fever, or other
discomfort.  The  patient  had been hospitalized in  other  hospital  before.  Routine
examination of blood in other hospital showed that white blood cell count was 11.5 ×
109/L, lymphocyte ratio was 11.3%, and eosinophil count was 39.4%. Immune-related
tests showed IgG 38.94 g/L, IgE 7250 g/L, and IgM 0.4 6 g/L. Urine is negative for
Bence Jones protein. A full abdominal-pelvic computed tomography (CT) plain scan
and  three-dimensional  reconstruction  examination  showed:  (1)  Wide  nodular
thickening of the peritoneum and multiple soft tissue masses in the abdominal cavity
(considering malignant tumors with peritoneal metastasis and multiple lymph node
metastasis); (2) The right liver lobe low perfusion area which suggested a possibility
of metastases; (3) Mucosal thickening of the gastric antrum (it is recommended to
perform gastroscopy); (4) A large amount of peritoneal effusion; and (5) Small renal
cysts.  Gastroscopy  showed  chronic  non-atrophic  gastritis  with  erosion.  During
hospitalization in other hospital, symptomatic treatments including absorbing ascites
and diuretic treatment were provided. In order to facilitate further treatment, this
patient was admitted to our hospital as “ascites to be diagnosed”. Since the onset of
the disease, the patient had a systemic rash accompanied by pruritus, which was
diagnosed as “eczema” in the other hospital and the effect of drug treatment was
poor. In recent 1 mo, the patient had normal defecation and urine, and was mentally
stable, with poor appetite, poor sleep, and a weight loss of 10 kg.

History of past illness
The patient had a medical history of “hypertension” for 3 yr, without regular drug
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treatment, and denied a chronic medical history of diabetes, coronary heart disease,
and other diseases,  an infectious medical  history of hepatitis  and tuberculosis,  a
medical history of surgery, blood transfusion, and trauma, and a history of drug
allergy. The patient’s history of preventive inoculation was unknown.

Personal and family history
The patient had a drinking history of 20 yr, about 250 mL liquor daily, and had been
sober for 3 yr. The rest of the personal and family history sections were unexceptional.

Physical examination upon admission
Admission examination showed stable vital signs, visible multiple skin rashes, and
itchy skin lesions after pruritus in mucous membranes without obvious abnormalities
in  heart  and  lung  examinations.  Abdominal  distention  with  frog-like  ventral
appearance was observed. No obvious abnormalities in the liver, kidney and spleen
were observed. Shifting dullness was positive. There was no obvious edema in both
lower limbs.

Laboratory examinations
After admission,  the relevant examinations were performed. Routine blood tests
showed that the white blood cell count was 7.89 × 109/L, eosinophils accounted for
22.4%, and absolute eosinophil count was 1.77 × 109/L. High-sensitivity CRP was 12.7
mg/L,  and  procalcitonin  was  0.17  ng/L.  Biochemical  tests  showed  that  serum
potassium was 3.2 mmol/L, serum sodium was 132.0 mmol/L, total protein was 99.5
g/L, albumin was 37.3 g/L, globulin was 62 g/L, immunoglobulin G was 46.04 g/L,
IgG1 was 19.5 g/L, IgG4 was 5.93 g/L, and IgG 2 and IgG 3 were normal. Erythrocyte
sedimentation rate was 47 mm/h, CA125 was 983.90 U/mL, coagulation function,
renal  function,  hepatitis  B,  hepatitis  C,  syphilis,  HIV test,  tuberculosis  immune
examination, ANA series, anti-ENA antibody spectrum, vasculitis series, and other
tests  showed no obvious abnormalities.  Ascites  examination showed that  it  was
yellow in color, slightly turbid, and qualitatively positive for mucin; the number of
cells  in  ascites  was  9829/μL,  and  the  number  of  nucleated  cells  was  5829/μL
(polymorphonuclear cells accounted for 8.1%, and mononuclear cells accounted for
91.9%). The total protein was 62.2 g/L, albumin was 22.1 g/L, globulin was 40.1 g/L,
and adenosine deaminase was 15.9 U/L. CDC examination showed that Schistosoma
IgG antibody was positive.  Ascites  bacteria,  fungi,  anaerobes,  and mycobacteria
culture  and smears  were  negative.  Ascites  cytology showed that  the  smear  had
mesothelial cells, phagocytes, a large number of lymphocytes, and a small number of
eosinophils.

Specialist examination
After  the  patient  was  admitted  to  the  hospital,  we  performed  gastrointestinal
endoscopy  and  multi-point  biopsy  of  the  gastrointestinal  mucosa.  Gastroscopy
revealed chronic superficial gastritis. Biopsy was performed for the gastric fundus,
gastric  body,  gastric  antrum,  duodenal  bulb,  and  duodenum  descending  area.
Pathological diagnosis was chronic superficial gastritis in the fundus (eosinophil
count < 20/HPF [high-power fields]);  chronic superficial  gastritis  with intestinal
metaplasia in gastric body (eosinophil count < 20/HPF); chronic superficial gastritis
and focal glandular epithelial metaplasia in the gastric antrum (eosinophil count <
20/HPF),  and  chronic  inflammation  in  the  duodenal  bulb  and  descending  area
(eosinophil  count  <  20/HPF)  (Figure  1).  Colonoscopy  showed  no  obvious  ab-
normalities in the ileum and colon mucosa. Multi-point biopsy by colonoscopy was
performed in the distal ileum, ascending colon, transverse colon, descending colon,
sigmoid colon, and rectum. Pathological diagnosis was chronic inflammatory changes
in mucus (eosinophil count < 20/HPF) (Figure 2). The smear showed mesothelial
cells,  phagocytic  cells,  a  large  number  of  lymphocytes,  and  a  small  amount  of
eosinophils (Figure 3). The routine examination failed to identify the cause. In order to
further diagnose, the patient completed laparoscopy with full communication and
informed consent of the patient and her family. The patient underwent intravenous
general anesthesia and tracheal intubation. Under the umbilicus, a long observation
hole of about 10 mm was constructed, and pneumoperitoneum was built with the
pressure  of  12-14  mmHg.  A  laparoscope  was  placed  through  the  sheath  for
examination. According to the nature and location of the lesion, two additional holes
were made as surgical operation holes. Under the laparoscope, we found that the
abdominal cavity was scattered with a large number of nodular lesions. Part of the
omentum resection was sent for pathological examination. Histopathology showed
that  there  was  diffuse  lymphoid  cell  infiltration  in  omentum  tissues.  Thus,  we
consider lymphoproliferative disease. Immunohistochemistry showed that there was
lymphoid tissue hyperplasia  that  was closely arranged in a  follicular  shape.  No
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typical cuff structure was observed. Focal follicular fusion was observed. Central cells
and centroblasts (>15/HPF) were seen in the follicles. Thus, we considered follicular
lymphoma (grade  3a,  follicular  type)  (Figure  4).  Immunohistochemistry  results
showed CD20 (+), 20/HPF CD10 (+), Bcl-6 (+), Bcl-2 (-), CD3 (-), CD38, IgG, IgG4
(follicle cell plasma +), Ki-67 (60%), and CK (-) (Figure 5). After operation, the patient
had no complications such as bleeding or infection. The final diagnosis was peritoneal
follicular  lymphoma.  The  patient  was  immediately  transferred  to  the  local
hematology department for further treatment. The patient was followed once a month
for 11 mo. He had no ascites and was generally in good condition currently.

FINAL DIAGNOSIS
Follicular lymphoma.

TREATMENT
We diagnosed the patient with ascites due to follicular lymphoma. After consultation
with the Department of Hematology, the patient was transferred to the local hospital
for further treatment. Since the patient was transferred to a local hospital, and the
patient and his family members did not clearly describe the specific treatment plan,
the emphasis  was placed on the integrated treatment of  traditional  Chinese and
Western medicine in the local hospital.

OUTCOME AND FOLLOW-UP
After 11 mo of follow-up, the patient's current condition was stable, and follicular
lymphoma conversion was avoided.

DISCUSSION
Ascites  is  a  common  clinical  manifestation.  Common  causes  include  cirrhosis,
tuberculous peritonitis, and malignant tumors in the abdominal cavity. Cases with
intractable ascites and/or ascites due to unknown reasons often have poor clinical
outcomes  or  recurrent  attacks,  causing  pain  and  increased  medical  burden  to
patients[2,3]. For clinically unexplained ascites, it is difficult to identify the cause relying
only  on clinical  symptoms,  serology,  ascites  puncture,  cytology,  ascites  culture,
imaging examination. This case in this report belongs to refractory ascites of unknown
origin. Analysis of routine examination results, we first ruled out the possibility of
tuberculous ascites and ascites due to cardiovascular, liver, kidney, and connective
tissue diseases. This is because PPD test was negative, and chest X-ray findings were
negative. Based on the patient’s history, there was no tuberculosis. Hepatitis B surface
antigen was negative, rheumatoid immunity, and vasculitis were negative, and heart
and kidney functions were normal. We also ruled out the possibility of eosinophilic
gastroenteritis. The patient's blood routine examination showed a significant increase
in the ratio of lymphocytes and eosinophils.  The CT performed in other hospital
indicated  mucosal  thickening  in  the  gastric  antrum.  We  have  improved  gas-
trointestinal endoscopy and multi-point biopsy of the gastrointestinal tract, but the
gastrointestinal mucosa pathology suggested that the eosinophil count was less than
20/HPF. In addition, during the course of treatment, the patient has a large amount of
ascites, and ascites repeatedly occurred after drainage or diuretics treatment. Because
the therapeutic effect was poor, it was possible to consider tumoral ascites. However,
cytology of ascites did not identify tumor cells.  We have seen a large number of
lymphocytes in the patient's ascites, and we still consider the possibility of lymphoma.
At the same time, the patient's abdominal-pelvic CT examination showed that the
peritoneum had extensive nodular thickening, and multiple intra-abdominal soft
tissue  masses,  leading  to  the  consideration  of  the  malignant  tumor,  peritoneal
metastasis, and multiple lymph node metastasis. Finally, we decided to give patients
laparoscopy to further confirm the diagnosis. The abdominal cavity was scattered
with the nodular lesions and tissues were collected for biopsy during operation.
Pathology indicated lymphoproliferative disorders. Immunohistochemistry indicated
follicular lymphoma (grade 3a, follicular type). Finally, the patient was diagnosed
with follicular lymphoma. We diagnosed the patient with ascites due to follicular
lymphoma. After consultation with the Department of Hematology, the patient was
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Figure 1

Figure 1  Pathological results of gastric biopsy. A: Visible mucosal glands are still well differentiated, with many
lymphocytes and a small number of eosinophils infiltrating in the stroma observed under a light microscope
(magnification, 100×); B: Mild intestinal metaplasia of mucosal glands and a small amount of interstitial lymphocyte,
plasma cell, and eosinophil infiltration under a light microscope (magnification, 200×).

transferred to the local hospital for further treatment. After 11 mo of follow-up, the
patient's  current  condition was stable,  and follicular  lymphoma conversion was
avoided.  In  the  diagnosis  of  follicular  lymphoma-induced  ascites,  we  had  the
following experience. First, the patient had large amounts of ascites with systemic
skin pruritus and skin lesions, and there was no significant remission with common
anti-histamine  treatment.  Second,  blood  tests  suggested  that  eosinophils  were
elevated significantly; IgG and IgE levels were significantly elevated, especially IgE.
Third, laparoscopy and the rapid diagnosis are of great value for the treatment and
prognosis.

It has been reported that laparoscopy can increase the rate of diagnosis for ascites
of unknown origin. Laparoscopy plays a critical role in diagnosing and differentially
diagnosing ascites of unknown origin through biopsy of the lesion. In particular,
laparoscopy has higher value for atypical cases[4,5]. First, abnormalities can be visually
detected.  It  can  observe  the  color,  exudation,  nodule,  mass,  and  blood  vessel
distribution of the peritoneum in the parietal and visceral layers. Second, laparoscopic
image enlargement function can detect miliary nodules with a diameter of 1-2 mm for
small  lesions with high resolution,  while  B-mode ultrasound,  CT,  and magnetic
resonance imaging can only find lesions with a diameter of 1-2 cm or more. Third, it is
highly targeted and has little damage. It can accurately take suspicious tissues to
avoid damage to normal organs. Tissue biopsy can provide important evidence for
treatment and prognosis.

When it is difficult to confirm the diagnosis through laboratory examinations and
various imaging diagnostic techniques, laparoscopy shows its unique and accurate
diagnostic  effect,  which can make up for  the  deficiencies  of  these  examinations.
Laparoscopic examination has fewer complications and less pain. It  can not only
directly observe normal organs and diseased tissues, but also can perform biopsy
under direct vision and obtain evidence of medical examinations to assist treatment.
Laparoscopy has  been  applied  to  the  diagnosis  of  abdominal  trauma,  hepatitis,
tuberculosis, ascites, abdominal masses, metastatic cancer in the abdominal cavity,
and  liver  cancer.  Laparoscopy  can  also  be  used  for  accurate  staging  of  intra-
abdominal malignancies, which can avoid unnecessary laparotomy.

Currently, there are very few peritoneal follicular lymphoma cases diagnosed by
laparoscopy. Follicular lymphoma accounts for 22% of non-Hodgkin lymphomas in
the  world.  The  most  common  manifestation  of  follicular  lymphoma  is  painless
lymphadenopathy,  typically  characterized  by  multiple  sites  of  lymphoid  tissue
invasion. Most patients do not have fever, night sweats, or weight loss[6,7]. A suitable
biopsy evaluated by the hematology and pathology experts is sufficient to make a
diagnosis of follicular lymphoma. Follicular lymphoma is one of malignant tumors
that are most sensitive to chemotherapy and radiotherapy. Follicular lymphoma has a
high rate of conversion to diffuse large B-cell lymphoma (7% per year).

About 40% of patients undergoing a repeat biopsy at some time during the course
of the disease have been confirmed to have conversion, and almost all patients at the
time of death had conversion. This conversion is often foreseen due to rapid lymph
node growth and systemic symptoms such as fever, night sweats, and weight loss[8-10].
Laparoscopy is very useful for diagnosing ascites due to unexplained reasons, and it
is sometimes important for determining the treatment plan for those patients and
predicting the prognosis.
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Figure 2

Figure 2  Pathological results of colon biopsy. A: The glandular differentiation is still good and there are many
inflammatory cells infiltrating in the interstitial tissues (magnification, 100×); B: Large numbers of lymphocytes and a
small amount of eosinophil infiltration (magnification, 200×).

CONCLUSION
Laparoscopic abdominal examination is of great significance for the definite diagnosis
of ascites due to an unknown reason.
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Figure 3

Figure 3  Cytology results of ascites. A: A large number of lymphocytes can be seen under a light microscope (magnification, 100×); B: A large number of
lymphocytes are visible under a light microscope (magnification, 200×). The mesothelial cells, phagocytes, and a few eosinophils can be seen.

Figure 4

Figure 4  Omental histopathological examination. A: Lymphoid hyperplasia in omental adipose tissue; B: Some follicles were fused, and no typical cuff was
observed. The follicular node was seen under a light microscope (magnification, 200×). The section consists of central cells and centroblasts, and the number of
centroblasts is > 15/HPF.

Figure 5

Figure 5  Results of omental immunohistochemistry (100×). A: Staining for CD20 is diffuse and strongly positive; B: Staining for CD10 is positive; C: Staining for
CD3 is negative; D: Staining for Bcl-2 is negative; E: Staining for Bcl-6 is positive; F: Ki-67 positive rate is approximately 60%.

WJCC https://www.wjgnet.com April 26, 2019 Volume 7 Issue 8

Wei C et al. Diagnosis of follicular lymphoma by Laparoscopy

990



REFERENCES
1 Bedioui H, Ksantini R, Nouira K, Mekni A, Daghfous A, Chebbi F, Rebai W, Fteriche F, Jouini M,

Kacem M, Ben Mami N, Filali A, Bensafta Z. Role of laparoscopic surgery in the etiologic diagnosis of
exsudative ascites: a prospective study of 90 cases. Gastroenterol Clin Biol 2007; 31: 1146-1149 [PMID:
18176376 DOI: 10.1016/S0399-8320(07)78354-9]

2 ForŢofoiu MC, Popescu DM, Pădureanu V, Dobrinescu AC, Dobrinescu AG, Mită A, Foarfă MC, Bălă
VS, Muşetescu AE, Ionovici N, ForŢofoiu M. Difficulty in positive diagnosis of ascites and in differential
diagnosis of a pulmonary tumor. Rom J Morphol Embryol 2017; 58: 1057-1064 [PMID: 29250690]

3 Caly WR, Abreu RM, Bitelman B, Carrilho FJ, Ono SK. Clinical Features of Refractory Ascites in
Outpatients. Clinics (Sao Paulo) 2017; 72: 405-410 [PMID: 28792999 DOI: 10.6061/clinics/2017(07)03]

4 Maeda S, Yabuuchi J, Nobuta H, Makiishi T, Hirose K. Characteristics of Patients and Their Ascites Who
Underwent Repeated Cell-Free and Concentrated Ascites Reinfusion Therapy. Ther Apher Dial 2015; 19:
342-348 [PMID: 26386222 DOI: 10.1111/1744-9987.12343]

5 Valle SJ, Alzahrani NA, Alzahrani SE, Liauw W, Morris DL. Laparoscopic hyperthermic intraperitoneal
chemotherapy (HIPEC) for refractory malignant ascites in patients unsuitable for cytoreductive surgery. Int
J Surg 2015; 23: 176-180 [PMID: 26475090 DOI: 10.1016/j.ijsu.2015.09.074]

6 Seike T, Inamura K, Okuno N, Asaumi Y, Takata Y, Okamura T, Matano S, Terahata S, Sakatoku K,
Kawai H. [A case of gastric follicular lymphoma resected and diagnosed with laparoscopy and endoscopy
cooperative surgery]. Nihon Shokakibyo Gakkai Zasshi 2017; 114: 1996-2004 [PMID: 29109348 DOI:
10.11405/nisshoshi.114.1996]

7 Prettyjohns M, Hoskin P, McNamara C, Linch D; NICE non-Hodgkin Lymphoma Clinical Guideline
Committee. The cost-effectiveness of immediate treatment or watch and wait with deferred chemotherapy
for advanced asymptomatic follicular lymphoma. Br J Haematol 2018; 180: 52-59 [PMID: 29076139 DOI:
10.1111/bjh.14990]

8 Lackraj T, Goswami R, Kridel R. Pathogenesis of follicular lymphoma. Best Pract Res Clin Haematol
2018; 31: 2-14 [PMID: 29452662 DOI: 10.1016/j.beha.2017.10.006]

9 Hess G. The role of stem cell transplantation in follicular lymphoma. Best Pract Res Clin Haematol 2018;
31: 31-40 [PMID: 29452664 DOI: 10.1016/j.beha.2017.10.009]

10 Cheah CY, Fowler NH. Novel agents for relapsed and refractory follicular lymphoma. Best Pract Res Clin
Haematol 2018; 31: 41-48 [PMID: 29452665 DOI: 10.1016/j.beha.2017.11.003]

WJCC https://www.wjgnet.com April 26, 2019 Volume 7 Issue 8

Wei C et al. Diagnosis of follicular lymphoma by Laparoscopy

991

http://www.ncbi.nlm.nih.gov/pubmed/18176376
https://dx.doi.org/10.1016/S0399-8320(07)78354-9
http://www.ncbi.nlm.nih.gov/pubmed/29250690
http://www.ncbi.nlm.nih.gov/pubmed/28792999
https://dx.doi.org/10.6061/clinics/2017(07)03
http://www.ncbi.nlm.nih.gov/pubmed/26386222
https://dx.doi.org/10.1111/1744-9987.12343
http://www.ncbi.nlm.nih.gov/pubmed/26475090
https://dx.doi.org/10.1016/j.ijsu.2015.09.074
http://www.ncbi.nlm.nih.gov/pubmed/29109348
https://dx.doi.org/10.11405/nisshoshi.114.1996
http://www.ncbi.nlm.nih.gov/pubmed/29076139
https://dx.doi.org/10.1111/bjh.14990
http://www.ncbi.nlm.nih.gov/pubmed/29452662
https://dx.doi.org/10.1016/j.beha.2017.10.006
http://www.ncbi.nlm.nih.gov/pubmed/29452664
https://dx.doi.org/10.1016/j.beha.2017.10.009
http://www.ncbi.nlm.nih.gov/pubmed/29452665
https://dx.doi.org/10.1016/j.beha.2017.11.003


W J C C World Journal of
Clinical Cases

Submit a Manuscript: https://www.f6publishing.com World J Clin Cases  2019 April 26; 7(8): 992-1000

DOI: 10.12998/wjcc.v7.i8.992 ISSN 2307-8960 (online)

CASE REPORT

Extranodal natural killer/T-cell lymphoma (nasal type) presenting as
a perianal abscess: A case report

Yan-Ni Liu, Yong Zhu, Jia-Jun Tan, Guang-Shu Shen, Shu-Liang Huang, Chun-Gen Zhou, Shao-Hua Huangfu,
Rui Zhang, Xiao-Bo Huang, Ling Wang, Qi Zhang, Bin Jiang

ORCID number: Yan-Ni Liu
(0000-0002-8222-8951); Yong Zhu
(0000-0003-3039-5413); Jia-Jun Tan
(0000-0002-8944-1691); Guang-Shu
Shen (0000-0003-0774-4953); Shu-
Liang Huang (0000-0002-2760-0802);
Chun-Gen Zhou
(0000-0001-9111-7199); Shao-Hua
Huangfu (0000-0002-4029-8759); Rui
Zhang (0000-0002-3760-2174); Xiao-
Bo Huang (0000-0002-9043-5651);
Ling Wang (0000-0002-1967-844X);
Qi Zhang (0000-0002-7048-6486); Bin
Jiang (0000-0002-4622-9703).

Author contributions: Liu YN and
Zhu Y contributed equally to this
work; Liu YN, Tan JJ, Huangfu SH,
Zhang R, Huang XB, and Wang L
collected and analyzed the data,
and drafted the manuscript; Shen
GS and Zhang Q analyzed the
results of diagnostic imaging;
Huang SL and Zhou CG
performed pathological
evaluations; Liu YN, Zhu Y, and
Jiang B wrote and revised the
manuscript; all authors read and
approved the final version of the
manuscript.

Supported by the Nanjing Health
Bureau Project, No. ZKX17034;
Nanjing Traditional Chinese
Medicine of Medical Conversion
Base, No. ZHZD201802; and The
13th Five-Year Plan for Training
Young Health Personnel in
Nanjing, No. NWQR-201702.

Informed consent statement: The
study was approved by the
Medical Ethics Committee of The
Nanjing Hospital of Chinese
Medicine Affiliated to Nanjing
University of Chinese Medicine,

Yan-Ni Liu, Chun-Gen Zhou, Rui Zhang, Xiao-Bo Huang, Ling Wang, Qi Zhang, Nanjing
University of Chinese Medicine, Nanjing 210023, Jiangsu Province, China

Yong Zhu, Jia-Jun Tan, Shao-Hua Huangfu, Bin Jiang, Department of Colorectal Surgery, The
Nanjing Hospital of Chinese Medicine Affiliated to Nanjing University of Chinese Medicine,
Nanjing 2100022, Jiangsu Province, China

Guang-Shu Shen, Department of Pathology, The Nanjing Hospital of Chinese Medicine
Affiliated to Nanjing University of Chinese Medicine, Nanjing 2100022, Jiangsu Province,
China

Shu-Liang Huang, Department of Medical Imaging, The Nanjing Hospital of Chinese Medicine
Affiliated to Nanjing University of Chinese Medicine, Nanjing 2100022, Jiangsu Province,
China

Corresponding author: Bin Jiang, PhD, Chief Doctor, Director, National Center of Colorectal
Disease, The Nanjing Hospital of Chinese Medicine Affiliated to Nanjing University of
Chinese Medicine, Nanjing 2100022, Jiangsu Province, China. jbfirsth@aliyun.com
Telephone: +86-18951755051

Abstract
BACKGROUND
Extranodal natural killer (NK) T-cell lymphoma (ENKTL), nasal type is a rare
subtype of extranodal non-Hodgkin lymphoma characterized by vascular
damage and necrosis. The lesions usually present in the nasal cavity and adjacent
tissues, however, the disease originates from the gastrointestinal or genitourinary
tract in 25% of cases. Since rectal involvement in ENKTL is rare, rectal symptoms
in the course of ENKTL are often misdiagnosed and considered to be related to
benign diseases such as rectal fistula or perianal abscess.

CASE SUMMARY
We report the case of a 24-year-old Han Chinese female who initially presented
with a perianal abscess that was subsequently diagnosed as nasal type ENKTL.
Due to typical perianal pain, perianal abscess was diagnosed and surgical
incision and drainage were performed. After recurrent, severe anal hemorrhages
leading to hypovolemic shock and multiple surgeries, a diagnosis of ENKTL was
made. The patient’s condition gradually deteriorated, and she died shortly after
initiation of chemotherapy.

CONCLUSION
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Systemic and neoplastic diseases should be included in the differential diagnosis
of any potentially benign perianal abscess complicated with recurrent
hemorrhages.
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Rectal involvement; Case report
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Core tip: The case highlights the need to include systemic and neoplastic diseases in the
differential diagnosis of any potentially benign perianal abscess complicated with
recurrent hemorrhages. A 24-year-old Han Chinese female, initially diagnosed with
perianal abscess, underwent the surgical incision and drainage. The symptoms and the
results of imaging, laboratory analysis, and colonoscopic biopsy were non-specific. After
recurrent, severe anal hemorrhages leading to hypovolemic shock and multiple surgeries,
a final diagnosis of extranodal natural killer/T cell lymphoma was made based on the
result of histopathological examination. The patient’s condition gradually deteriorated,
and she died shortly after initiation of chemotherapy.

Citation: Liu YN, Zhu Y, Tan JJ, Shen GS, Huang SL, Zhou CG, Huangfu SH, Zhang R,
Huang XB, Wang L, Zhang Q, Jiang B. Extranodal natural killer/T-cell lymphoma (nasal
type) presenting as a perianal abscess: A case report. World J Clin Cases 2019; 7(8): 992-
1000
URL: https://www.wjgnet.com/2307-8960/full/v7/i8/992.htm
DOI: https://dx.doi.org/10.12998/wjcc.v7.i8.992

INTRODUCTION
Extranodal nasal type NK/T-cell lymphoma (ENKTL), according to the 2016 revision
of the World Health Organization classification of lymphoid neoplasms, is a type of
invasive non-Hodgkin's lymphoma expressing NK cell  (or less frequently T cell)
markers. It is a rare disease that accounts for 2%-10% of malignant lymphomas and is
most prevalent in Asia and South America[1]. It is most commonly observed in young
and middle-aged males and the male to female ratio is about 2-4:1[2]. The nasal cavity
is the most common primary site of ENKTL and adjacent tissues are often involved
including the skin. Twenty-five percent of cases originate from extranasal tissues,
including the gastrointestinal tract, lungs, skin, and testes. There have been only a few
reports of ENKTL originating in the anorectal region.

Although the pathogenesis of ENKTL is not fully understood, it has been shown to
be closely  related to  EBV infection[3,4].  The lesions  are  characterized by vascular
invasion and destruction, significant necrosis, expression of cytotoxic molecules (i.e.,
granzyme B,  perforin,  and T  cell-restricted  intracellular  antigen-1  [TIA-1]),  and
Epstein-Barr virus (EBV) infection[5-8]. Typically, the cells are CD2 and CD56 positive,
and surface  CD3 negative[9-12].  Moreover,  they  are  usually  positive  for  cytotoxic
molecules (such as granzyme B, TIA-1, and perforin), and negative for other T and
NK cell-associated antigens, including CD4, CD5, CD8, CD16, and CD57[13-15].

While sinonasal ENKTL has a better prognosis than extranasal disease, its course is
usually aggressive with rapid progression, and the prognosis is usually poor with a 5-
year  survival  rate  of  approximately  30%[16]  or  even  lower  in  more  advanced
stages[8,17,18]. Due to the non-specific symptoms, the disease is difficult to diagnose.
Here we present a case of ENKTL in the rectum initially diagnosed and treated as a
perianal abscess.

CASE PRESENTATION

Chief complaints
Anal discomfort for 22 d after surgery and fever for two days.

History of present illness
A 24-year-old female patient was admitted to our hospital for routine perianal abscess
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incision and drainage surgery. The surgery was performed in January 2016. Thirteen
days after the surgery, she was discharged in good condition. Twenty-two days after
the discharge, the patient was readmitted to the hospital because of anal discomfort
that  started  just  after  the  discharge.  Two  days  before  readmission,  the  patient
developed a fever.

History of past illness
The patient reported no past illnesses.

Personal and family history
The patient was previously healthy and her family history was unremarkable.

Physical examination upon admission
After admission, the doctor found that apart from a 2 cm surgical wound localized at
the 6 o’clock position, a digital rectal examination revealed a prominent 3-4 cm lesion
localized laterally from the surgical wound at the 7 o’clock position and extending
upwards to the 11 o’clock position. Blood was present in the stool.

Laboratory examinations
Routine laboratory analysis showed leukocytosis with neutrophilia (white blood cells
16.12 × 109/L, 81.91% neutrophils);  increased levels of inflammatory markers (C-
reactive protein:  15.2 mg/L; prealbumin: 106.00 mg/L; albumin: 30.60 g/L; total
protein: 48.20 g/L), cholinesterase (111.00 U/L), and creatine kinase (21.00 U/L).

Imaging examinations
Endorectal ultrasonography showed a hypoechoic area under the mucosa located 5
cm laterally from the 8-12 o’clock position of the anal margin in the anal canal. The
mass was diagnosed as a submucosal infection. Enteroscopy showed hyperplasia and
adhesions on the rectal mucosa at the margin of the perianal incision, which was
diagnosed as proctitis.  Biopsy samples were taken during endoscopy (Figure 1).
Pathological examination revealed moderate to severe acute and chronic mucositis,
inflammatory necrosis, and granulation tissue hyperplasia (Figure 2).

On days 3, 10, 16, and 23 of hospitalization, the patient underwent several anal
exploration and hemostasis surgeries due to recurrent anal hemorrhage. The source of
bleeding remained unidentified. Twenty-two days later, the patient was transferred to
a secondary reference hospital for a laparoscopic assisted pelvic exploration and
ileostomy. Excessive purulent secretions and necrotic tissue around the anus were
observed in colonoscopy.  In magnetic  resonance imaging (MRI),  thickening and
edema of the rectum and external genital organs were observed along with multiple
exudations and small lymph nodes around the rectum (Figure 3). After the surgery,
continuous irrigations and drainage via an anal double cannula was performed. The
patient was still feverish and suffered from very extensive, bloody discharge from the
anus  resulting  in  hypovolemic  shock.  Sigmoid  colostomy  with  rectal  and  anal
resection was suggested,  but the patient  did not  consent to surgery and so after
symptomatic treatment, she was discharged on request.

For the next 4 mo, the patient was treated conservatively in an outpatient clinic,
however,  the symptoms returned and the patient  was readmitted to hospital.  In
addition to the perianal abscess, rectal vaginal fistula and inflammation of perianal
tissue were diagnosed. On the seventh day of admission, the anorectal abscess was
resected and the pelvic abscess was drained. A biopsy of the left inguinal lymph
nodes was performed. Histopathological and immunohistochemical examinations
showed the presence of CK (-),  LCA (+),  CD2 (+),  CD3 (+),  CD4 (-),  CD5(-),  CD8
(partial), CD56 (+), CD10 (-), CD20 (-), CD30 (partial), CD15 (-), CD79a (-), CD138 (-),
CylinD1 (-), TIA (-), EMA (-), CD7 (-), granzyme B (+), perforin (+), and CD57 (-) cells
that suggested a diagnosis of ENKTL (Figure 4). The Ki67 index was 65%.

Two weeks later, before the histopathological results were available, the patient
was  transferred  to  a  tertiary  reference  hospital.  The  results  of  lymphocyte
immunoassay are shown in Table 1.

FINAL DIAGNOSIS
A  PET-CT  scan  performed  after  the  transfer  showed  a  thickened  rectal  wall,
pathological  mass  in  the  perianal  area  with  multiple  exudations  and gas  in  the
peripheral fat space, enlarged spleen, pathological mass in the right nasal cavity, and
thickened posterior wall of the trachea. In the scan range, the skin was irregularly
thickened and high-density, subcutaneous shadows were visible (left neck, chest,
abdomen, and left hip). Generalized lymphadenopathy (bilateral axillary, abdominal,
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Figure 1

Figure 1  Colonoscopy images showing necrotic tissue and erosion at the edge of the anal margin (black
arrows).

pelvic  cavity,  and  left  inguinal)  was  observed,  in  line  with  the  diagnosis  of
lymphoma. In addition, signs of sinusitis and nodular foci of increased metabolism in
left margin of L3 vertebral body and left iliac crest were visible (Figure 5). The images
of nasopharyngeal biopsy were typical for ENKTL (Figure 6). Immunohistochemistry
showed CD20 (-), CD3 (+), CD2 (+), CD56 (+), and TIA (+) cells with a Ki67 index of
90%. Fluorescent in situ hybridization showed the presence of EBV-encoded small
RNAs (EBERs). A final diagnosis of stage IV ENKTL was made.

TREATMENT
Two weeks after the admission, COP chemotherapy was initiated (cyclophosphamide
1.3 g on day 1, vincristine 4 mg on day 1, and prednisone 50 mg b.i.d on days 1-5).
However,  on day 1,  a  massive anal  hemorrhage resulting in hypovolemic shock
occurred. As a result, chemotherapy was stopped and shock management including
intravascular fluid therapy and blood transfusions were implemented. The patient’s
condition continued to deteriorate despite the treatment.

OUTCOME AND FOLLOW-UP
Three  weeks  later,  the  patient  was  transferred to  Jiangbei  People's  Hospital  for
conservative maintenance therapy. Three days after the admission, continuous blood
oozing from the anus was noted. Intravenous administration of a hemostatic agent
(etamsylate and P-aminomethylbenzoic acid) was ineffective in stopping the bleeding.
Coagulation panel showed activated partial thromboplastin time 58.40 s (reference
value 20-40 s), fibrinogen 1.62 g/L (reference value 2-4 g/L), and D-dimer 2.94 µg/mL
(reference value < 0.2 µg/mL). Because of suspected coagulopathy, daily infusions of
red blood cells, cryoprecipitate, platelets, and plasma were introduced. Despite shock
management, the patient's condition gradually deteriorated and she died 9 mo after
presentation.

DISCUSSION
What  could  raise  suspicion  of  ENKTL  in  a  patient  with  typical  symptoms  of  a
common perianal  abscess?  The complicated postoperative  course  of  the  disease,
including  persistent  fever  and recurrent,  massive  anal  hemorrhage  resulting  in
hypovolemic shock not relieved after re-operation and antibiotic treatment, is not a
typical course of perianal abscess and should prompt further diagnostic procedures[19].
However, as nasopharyngeal symptoms were not evident at the first admission and
no abnormalities in imaging and routine laboratory analysis suggested a suspicion of
systemic disease, malignancy was not included in the differential diagnosis at an early
stage.

Pathological  and immunohistochemical  examinations of  colonoscopy biopsies
showed local inflammatory necrosis and inflammatory granulation tissue hyperplasia.
This misleading result might be caused by the fact that routine colonoscopic biopsies
are superficial and do not reach submucosal tissues potentially containing lymphoma
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Figure 2

Figure 2  Histopathological examination showing moderate-severe acute and chronic inflammation with inflammatory necrosis and hyperplastic
granulation tissue.

cells. Therefore, one could not suggest changing the primary diagnosis. In such cases,
a deep tissue biopsy may improve the accuracy of the diagnosis.

In  the  anal  canal,  lymphoid  tissue  is  accumulated  around  the  anus  where
lymphoma cells may block the internal glands of the anus and cause perianal abscess
formation. Therefore, in the cases of perianal disease with unexplained blood in the
stool, fever, anemia, weight loss, and other systemic symptoms, timely biopsy may
facilitate  accurate  diagnosis  and  allow  initiation  of  adequate  treatment[20,21].  In
addition, full-body imaging can further reduce the risk of misdiagnosis.

Lymphoma cases presenting with a perianal abscess are very rare. Ninety percent
of the anorectal abscesses are caused by acute infection of the anal glands. In the
remaining  cases,  the  abscess  is  formed  as  a  result  of  other  diseases  such  as
inflammatory bowel disease, tuberculosis, or tumors. Gastrointestinal lymphoma is
usually  secondary  to  a  wide  range  of  lymph  node  diseases,  and  primary  gas-
trointestinal lymphoma is relatively rare[22-24]. There are a few reports on lymphomas
in the anorectal area, including ENKTL originating from the rectum. Kakimoto et al[25]

reported a case of refractory ulcerative colitis presenting with colonic submucosal
tumors histopathologically diagnosed as ENKTL. Valbuena et al[26] reported a case of a
male  who  underwent  rectal  resection  for  clinical  suspicion  of  carcinoma.  After
histopathologic  examination,  it  was  diagnosed  as  classical  Hodgkin  lymphoma
(nodular sclerosis type) involving the rectum.

CONCLUSION
We present a rare case of fatal, disseminated ENKTL with rectal involvement in which
a perianal abscess was initially suggested. Non-specific symptoms and results of
imaging,  laboratory analysis,  and colonoscopic  biopsy did not  suggest  systemic
disease and consequently the final diagnosis was delayed. Therefore, a complicated
course  of  surgical  treatment,  recurrent  hemorrhages,  and rapid deterioration of
patient’s condition should prompt further investigation, and systemic and neoplastic
diseases should be included in the differential diagnosis of any potentially benign
perianal abscess.
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Table 1  Lymphocyte immunoassay results

%

CD3 91.7

CD3+CD4+ 49.8

CD3+CD8+ 39.6

CD3+CD4+/CD3+CD8+ 1.26

B cells 1.4

NK cells 5.1

Figure 3

Figure 3  T2 liposuction magnetic resonance imaging demonstrated edema (A, yellow arrow) and enlarged lymph nodes (B, arrow) around the rectum on
diffusion weighted imaging.
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Figure 4

Figure 4  Histopathological and immunohistochemical examinations. A-C: Hematoxylin-eosin staining of tumor cells (A, 100× magnification, C, 400×
magnification) and tumor-associated necrotic tissue (B, 100× magnification); D-J: immunohistochemical staining for CD2 (D), CD3 (E), CD56 (F), perforin (G),
granzyme B (H), TIA-1 (I), and Ki-67 (J).
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Figure 5

Figure 5  Positron emission tomography-computed tomography showing increased marker uptake in the kidneys (A) and nasopharyngeal area (B).

Figure 6

Figure 6  Small-to-moderate size lymphoid tissue hyperplasia with necrosis and apoptosis in nasal endoscopy biopsy.
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Abstract
BACKGROUND
We present a rare case of plasma cell type of Castleman’s disease (CD) involving
only the right renal sinus in a 65-year-old woman with a duplex collecting system
(DCS).

CASE SUMMARY
The patient presented with a right renal sinus lesion after renal ultrasonography.
Subsequent abdominal enhanced computed tomography (CT) and magnetic
resonance imaging (MRI) of the kidneys showed DCS and a soft tissue mass with
mild enhancement at the lower right renal sinus. The lesion was suspected to be a
malignant renal pelvic carcinoma. Hence, the patient underwent a right radical
nephrectomy. Histological examination revealed hyperplastic lymphoid follicles
in the renal sinus. A detailed review of the patient’s CT and MRI images and a
literature review suggested that the lesion was hypointense on T2-weighted
images and hyperintense on diffusion-weighted image manifestations, and
showed mild enhancement, which distinguished the plasma cell type of CD from
many other renal sinus lesions. Furthermore, peripelvic soft tissue masses with a
smooth internal surface of the renal pelvis were on imaging findings, which
suggests that the urinary tract epithelial system is invulnerable and can be used
to differentiate the plasma cell type of CD from malignant lymphoma with a
focally growth pattern to some extent.

CONCLUSION
Preoperative diagnosis is often difficult in such cases, as plasma cell type of CD
involving only the right kidney is exceedingly rare. However, heightened
awareness of this disease entity and its radiographic presentations may alert one
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to consider this diagnosis.
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Core tip: We describe a rare case of plasma cell type of Castleman’s disease (CD)
involving only the right renal sinus in a 65-year-old woman with a duplex collecting
system. The imaging findings and pathological features of CD involving the renal sinus
are summarized in this literature review.
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INTRODUCTION
Castleman’s  disease  (CD)  is  a  rare  benign  lymphoproliferative  disease,  and  its
pathogenesis  is  still  unclear.  CD  usually  involves  mediastinal  lymph  nodes.
Extrathoracic presentations have rarely been described, with even fewer presentations
in the kidneys. CD can be histologically classified into three types as follows: Hyaline
vascular type, plasma cell type, and mixed type. Preoperative diagnosis by imaging
examination  is  very  difficult  to  differentiate  the  plasma  cell  type  of  CD  from
malignant lymphoma. Here, we report a case of plasma cell type CD with only renal
sinuses  involved.  We  hope  to  identify  the  imaging  features  that  can  help  the
preoperative qualitative diagnosis of this disease through a literature review. Our case
is unique because it is the first report of CD presenting as sinus tumors in a patient
with a duplex collecting system (DCS)

CASE PRESENTATION

Chief complaints
A 65-year-old woman showed right renal sinus lesions on renal ultrasonography
performed as part of a healthy physical examination. Medical history was negative for
symptoms of discomfort.

History of present illness
Her history was unremarkable.

Laboratory examinations
Laboratory findings showed mild liver dysfunction. Urinalysis findings were within
normal limits, and urine cytology showed no evidence of malignancy. No obvious
abnormality was found in other laboratory examinations. Normal blood flow to the
left  kidney and slightly decreased blood flow to the right kidney were noted on
nephro-dynamic images.

Imaging examinations
DCS and a soft tissue mass with mild enhancement at the lower right renal sinus were
detected  after  subsequent  abdominal  computed  tomography  (CT).  Magnetic
resonance imaging (MRI) revealed a homogeneous mass that was isointense on M3D
Lava in-phase images and hypointense on T2-weighted images (T2WI). Diffusion-
weighted images (DWI) showed a hyperintense mass (Figure 1).

FINAL DIAGNOSIS
The final diagnosis was CD of plasma cell type (Figure 2).
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Figure 1

Figure 1  Plasma cell type of Castleman’s disease involving the renal sinus and adjacent parenchyma in a 65-
year-old woman. A: Coronal contrast-enhanced computed tomography (CT) image showing bilateral renal pelvis
duplication; B: Axial contrast-enhanced CT image obtained at the renal hilum level shows mildly homogenous
enhancement of a soft tissue mass in the right lower renal sinus; C: T2-weighted images (TR/TE, 10000/82.6)
showing a soft tissue mass in the right renal sinus with slightly hypointense signals compared to that of the renal
cortex; D: Diffusion-weighted images (b = 800 s/mm2) showing that the mass (open arrow) is mildly hyperintense, and
a hyperintensity lesion is in the renal parenchyma (solid arrow).

TREATMENT
The  patient  underwent  a  right  radical  nephrectomy.  Histological  examination
revealed hyperplastic lymphoid follicles in the renal sinus and adjacent parenchyma.
Immunohistochemical staining showed the following results: CD38 (+), CD138 (+),
Kappa (+), Lambda (+), and CD21 (FDC+).

OUTCOME AND FOLLOW-UP
After treatment, thoracic and abdominal CT scans were used to determine whether
the disease was multicentric. However, no enlarged lymph node or other lesions were
found.

DISCUSSION
CD remains a rare and poorly understood disease characterized by massive growth of
the  lymphoid  tissue.  The  renal  sinus  is  an  extremely  unusual  location  for  the
manifestation of CD. The exact mechanism of CD in the renal sinus has not been
reported thus far. Chronic low-grade inflammation, an immunodeficiency state, and
autoimmunity have been proposed as probable mechanisms[1]. Patients with DCS are
more susceptible to chronic inflammation, which is the probable cause of CD[2]. Our
case supports chronic low-grade inflammation as a possible mechanism, although the
exact cause of formation requires further study.

As  far  as  we  know,  six  articles  on  CD  involving  the  renal  sinus  have  been
reported[3-8]. All lesions were confined to the renal sinus except in one case with a large
range  of  lesions  and retroperitoneal  involvement.  Six  lesions  in  five  cases  were
diagnosed as CD of plasma cell type, all of which were reported as case reports. Their
imaging findings and pathological features are summarized in Table 1. In this table,
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Figure 2

Figure 2  Histological examination of the right kidney in a 65-year-old woman. A: Photomicrograph (original magnification, 40×; hematoxylin-eosin staining)
showing hyperplastic lymphoid follicles (asterisks) in renal sinus fat tissue below the normal renal pelvis (open arrow) in the lower right renal sinus; B: Interfollicular
areas showing heavy staining.

the total  number of  patients  with CD involvement  of  renal  sinuses  is  six  (seven
lesions), including four males and two females, with an average age of 66 years. All of
these  patients  presented  homogeneous  soft  tissue  density  masses  with  mild
enhancement, and the longest diameter less than 5 cm on CT image. Although the
specific longest diameter of lesions was not given in some articles[4,5], the imaging data
of lesions were given. Therefore, their size could be roughly obtained by comparison
with the imaging data, in which the exact size of the lesions had been given. Four of
these patients underwent MRI scans[4-6],  showing isointense lesions on T1WI and
hypointense lesions on T2WI, and two of these patients showed hyperintense lesions
on  DWI[4,5].  We  believe  that  hypointensity  on  T2WI,  hyperintensity  on  DWI
manifestations, and mild enhancement can help us to distinguish the plasma cell type
of CD from many renal sinus lesions, such as transitional cell carcinoma and renal
sinus lymphoma. In most cases, the lesions of transitional cell carcinoma show high
signal on T2WI, with unsmooth edges and hematuria as the most common clinical
symptoms.  However,  it  is  still  impossible  to  differentiate  CD  from  renal  sinus
lymphoma by imaging alone. It also has lower signal intensity than a normal cortex
with T1WI, and it is relatively iso- or hypointense in T2WI and hyperintense on DWI.

In  Table  1,  only  one  of  the  seven  lesions  showed  complete  occlusion  of  the
collecting system[5], and the rest of the lesions showed slight dilatation of renal pelvis
and calyces. Therefore, compensatory dilatation of the collecting duct system was
considered to be caused by subcutaneous lymphocyte hyperplasia in the urinary tract.
The pathology of three cases clearly indicated that the pelvic tumor was a benign
lymphoproliferative lesion with widely scattered, hyperplastic lymphoid follicles,
while the pelvic urothelium was intact, which was consistent with the smooth and
nonfilling defect  on the inner surface of  the collection system from CT and MRI
imaging[3,4]. Sheth et al[9] reported that the imaging findings of renal lymphoma are
related to the tumor growth pattern. If malignant lymphocytes proliferate focally,
single or multiple well-defined masses can be formed and adjacent urinary tract
systems destroyed. However, if it follows an infiltrative growth pattern, then the size
of the kidney may increase without damage to the basic structure, and the lesions may
be quite small with ill-defined borders. Similar well-defined renal sinus masses have
been found in reported cases. If they are considered renal sinus lymphoma, then their
growth mode should be focal growth, which is bound to be accompanied by adjacent
urinary  tract  destruction.  In  fact,  three  cases  showed  complete  urinary  tract
epithelium under an electron microscope. Although the remaining four cases failed to
provide pathological evidence, these cases all shared similar imaging features, which
show smooth intrarenal pelvic lateral surfaces. Therefore, we speculated that the
plasma cell type of CD, due to its benign hyperplasia of lymphoid pathological, may
not show epithelial invasion like lymphoma. We believe the imaging findings of the
plasma cell type of CD, showing peripelvic soft tissue masses and a smooth internal
surface  of  the  renal  pelvis,  suggest  that  the  urinary  tract  epithelial  system  is
invulnerable. It can be used to differentiate the plasma cell type of CD from malignant
lymphoma with a focal growth pattern. However, it is just a speculation and more
cases are needed to verify it.  Since the treatment of  CD is  different  from that  of
lymphoma, the preoperative diagnosis of CD involving renal sinus will affect the
choice of clinical treatment.
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Table 1  Clinicopathological and imaging characteristics of previously reported cases of plasma cell type of Castleman’s disease with
renal sinus involvement

Ref. Jang et al[3] Kin et al[4] Nagahama et al[5] Nishie et al[6] Present

Sex M M M M F F

Age (yr) 64 59 79 70 65 62

Sinus Left Left Left Bilateral Unilateral Right

MRI

T1WI N/A Isointense Isointense N/A Isointense Isointense

T2WI N/A Hypointense Hypointense N/A Hypointense Hypointense

DWI N/A Hyperintense N/A N/A N/A Hyperintense

CT size (cm) 2.5-4 N/A N/A 3.0-4.5 2.8-4.5

Enhancement Mild Mild Mild Mild Mild Mild

Clear boundary Yes Yes Yes Yes Yes Yes

Hydronephrosis Mild Mild Mild Mild Mild Mild

Urothelium intact Yes Yes N/A N/A N/A Yes

M: Male; F: Female; N/A: Not available; Sinus: The lesion in the renal sinus; T2WI: T2-weighted images; DWI: Diffusion-weighted images; CT: Computed
tomography; MRI: Magnetic resonance imaging; T1WI: T1-weighted images.

CONCLUSION
In conclusion, our case suggests that a patient with a DCS may have a risk of suffering
CD due to his or her susceptibility to chronic inflammation, and imaging findings of
the plasma cell type of CD, showing hypointensity on T2WI, hyperintensity on DWI,
peripelvic soft tissue masses, and a smooth internal surface of the renal pelvis, are
important to the preoperative diagnosis of CD of plasma cell type involving only the
renal sinus.
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