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Abstract

Insulin, a small protein with 51 amino acids synthesized by pancreatic B-cells, is
crucial to sustain glucose homeostasis at biochemical and molecular levels.
Numerous metabolic dysfunctions are related to insulin-mediated altered glucose
homeostasis. One of the significant pathophysiological conditions linked to the
insulin associated disorder is diabetes mellitus (DM) (type 1, type 2, and
gestational). Insulin resistance (IR) is one of the major underlying causes of
metabolic disorders despite its association with several physiological conditions.
Metabolic syndrome (MS) is another pathophysiological condition that is
associated with IR, hypertension, and obesity. Further, several other patho-
physiological disorders/diseases are associated with the insulin malfunctioning,
which include polycystic ovary syndrome, neuronal disorders, and cancer.
Insulinomas are an uncommon type of pancreatic f-cell-derived neuroendocrine
tumor that makes up 2% of all pancreatic neoplasms. Literature revealed that
different biochemical events, molecular signaling pathways, microRNAs, and
microbiota act as connecting links between insulin disorder and associated
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pathophysiology such as DM, insuloma, neurological disorder, MS, and cancer. In this review, we focus on the
insulin-related disorders and the underlying mechanisms associated with the pathophysiology.

Key Words: Insulin disorder; Diabetes; Metabolic syndrome; Neurological disorder; Obesity; Cancer

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Insulin mediated glucose homeostasis is an important event in human physiology as it fuels the life. Malfunc-
tioning of insulin and its secretion has been linked to initiation and progression of altered pathophysiological conditions at
biochemical and molecular levels. This review will help the scientific community to understand the biochemical and
molecular axis of insulin-related disorders and associated pathophysiological complications and thus devise their treatment
strategy.
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INTRODUCTION

Insulin is a relatively tiny protein with 51 amino acids. Preproinsulin, an immature form, is converted into proinsulin,
which in turn produces active insulin protein after proteolysis. Insulin is arranged in tightly grouped “granules” made of
insoluble crystalline hexameric insulin in B-cells. Although a number of variables influence insulin biosynthesis in
pancreatic beta-cells, glucose metabolism is the primary physiological event that triggers insulin gene transcription and
protein translation[1]. Protein translation is generally accelerated by B-cells in response to nutrients, which is at least in
part regulated by dephosphorylation of eukaryotic initiation factor 2a via protein phosphatase 1[2]. In particular, B-cells
react by releasing corresponding amounts of insulin in reaction to changes in plasma glucose concentration[3]. In B-cells,
the glucose transporter 2 (GLUT2) is expressed constitutively, allowing glucose entrance through GLUT2-mediated
facilitated diffusion. Glucokinase (GCK), a variant of hexokinase, is the rate-limiting enzyme that phosphorylates glucose
after it enters p-cells[4]. Through a series of biochemical reactions, phosphorylated glucose produces ATP, which
eventually causes the release of insulin via ATP-sensitive potassium channels[5]. In general, insulin secretion is a process
that includes the plasma membrane fusion of insulin granules and the exocytosis of granule substance.

Several diseases are connected with abnormal insulin secretion and usage inside the body. Insulin resistance (IR) is
defined as the decreased ability of cells or tissues to respond to physiological levels of insulin. IR causes metabolic
abnormalities as insulin plays a major role in maintaining glucose homeostasis through its actions on carbohydrate,
protein, and lipid metabolism. Growing experimental and clinical evidence suggests that IR may be the underlying
fundamental metabolic defect which gives chance to the establishment of different diseases such as diabetes mellitus
(DM), insulinoma, metabolic syndrome (MS), polycystic ovary syndrome (PCOS), neuronal disorder, and cancer. In the
present review article, we have briefly discussed about insulin-signaling pathways and emphasized their association with
glycemic imbalance having implications in disease pathogenesis. Here we review the recent evidence in the field and
present it in the context of common insulin-related disorders. For the current review, the literature published in English
and indexed in the PubMed, Scopus, and other databases was used. The relevant studies were found by using the
keywords “insulin; insulin-related disorders; diabetes; insulin and neurological disorders; insulin and cancer; and insulin
disorder and miRNA” in database searches.

DM
Type 1 diabetes

Increased blood glucose level (hyperglycemia) is a hallmark of type 1 DM (T1DM), a chronic autoimmune illness caused
by an insulin deficiency that results from the death of pancreatic islet B-cells[6]. One of the most prevalent endocrine and
metabolic disorders affecting children is TIDM. The loss of p-cells is a result of TIDM-related autoimmunity in the
overwhelming majority of patients; these individuals have autoimmune T1DM. Idiopathic T1DM, also known as type 1b
DM, is a rarer form of the disease in which no immune responses or autoantibodies are found and the reason of cell death
is unknown[7]. T1IDM is due to cellular-mediated autoimmune destruction of pancreatic p-cells. Several autoimmune
markers such as islet cell autoantibodies, and autoantibodies to insulin, glutamic acid decarboxylase 65 (GAD65), tyrosine
phosphatases (IA-2 and IA-2B), and zinc transporter 8 (ZnT8) specific to TIDM have been identified[7]. Uncertainty
surrounds the cause of a first-appearing cell-targeting autoantibody, but it is being investigated in a number of trials
involving children who have been monitored since birth[8]. According to some theories, the pathogenesis of T1IDM can be
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viewed as a continuum with distinct phases that start with the discovery of autoantibodies and move on to cell death,
dysglycemia, and hyperglycemia-related symptoms[9]. The cause of B-cell-targeted autoimmunity, which is still
unknown, is thought to involve a confluence of genetic and environmental factors that either initiate or facilitate the
autoimmune reaction against p-cells[8]. Although not proven, it is widely accepted that ongoing exposure to B-cell
autoantigens causes the autoantibodies to be produced[10]. A juvenile possessing HLA-DR4-DQ8 haplotype typically
develops insulin autoantibodies at a peak rate between the ages of one and two years. These two serotypes, i.e., HLA-DR4
and HLA-DQS8, are coded by HLA-DRB1 and HLA-DQB1 genes, respectively. Autoantibodies that target the protein
tyrosine phosphatase-like entities IA2 and IA2pB or ZnT8 can form after autoantibodies to insulin or GAD65[8].

Type 2 diabetes

Genetic and environmental factors play a part in the multifactorial illness known as T2DM. T2DM is defined by dysregu-
lation of the metabolism of carbohydrates, lipids, and proteins and is brought on by either impaired insulin secretion, IR,
or both. T2DM is by far the most prevalent of the three main types of diabetes, accounting for 90% of all cases. Its primary
consequence is progressive impairment of pancreatic cell insulin secretion, which typically occurs against a backdrop of
pre-existing IR in skeletal muscle, the liver, and adipose tissue. Pre-diabetes, a high-risk condition that increases the
chance of developing T2DM and is characterized by impaired fasting glucose, impaired glucose tolerance, or elevated
hemoglobin A1C (HbAlc), precedes overt hyperglycemia[11]. HbAlc levels in people with prediabetes range from 5.7%
to 6.4%; they are clinically very diverse and reflect a pathophysiologically heterogeneous group. Prediabetes to T2DM
conversion rates vary from 3% to 11% annually[12]. B-cell dysfunction, IR, and persistent inflammation are the hallmarks
of the pathophysiological changes, which all work together to gradually impair blood glucose regulation and promote the
emergence of micro/macro-vascular complications. The first abnormality that can be seen in people who are prone to
develop T2DM is IR[11]. Overt T2DM, however, does not happen unless the cells are unable to produce enough insulin to
counteract the IR[13]. Cell failure is caused by a variety of variables, such as toxicity caused by lipids and glucose, inflam-
mation, and cell stress brought on by IR, among others. Inter-individual differences have an impact on how B-cells
modify insulin release in response to changing demands on a minute-by-minute basis in order to maintain normal blood
glucose levels[14]. The rate of B-cell proliferation in islets with and without diabetes does not appear to vary. Dysreg-
ulated autophagy and apoptosis are probable reasons for the loss of B-cells in T2DM[15].

Gestational diabetes

Although Carrington first used the word “gestational diabetes” in 1957, it was not until John O’Sullivan’s publications in
1961 and 1964 that it became more widely known[16]. Therefore, gestational DM (GDM) includes a wide range of
hyperglycaemia. It ranges from mild impaired glucose tolerance/fasting glucose found in early pregnancy to glucose
levels indicative of overt diabetes found in late pregnancy. GDM is characterized by greater IR and B-cell defects, which
are metabolic abnormalities. These defects, however, are almost completely asymptomatic and are typically only
discovered as a result of frequent testing of blood glucose levels during pregnancy. The metabolic changes that occur
during pregnancy put B-cells under extra strain. A patient having a history of GDM has a greater chance to develop
T2DM in the years after giving birth, and this increased risk is caused by both baseline abnormalities that were present
before the index GDM pregnancy but were not previously diagnosed and further, progressive B-cell dysfunction that
developed after that pregnancy. These factors include increased IR and gestational weight gain. Approximately 5% of
women with GDM have monogenic variants of DM, which most frequently involve mutations in GCK in white
populations, while only a tiny percentage (2%-13%) of women with GDM have antibodies against specific B-cell antigens
[17,18]. If the fetus does not have the heterozygous GCK mutation, the mother’s slightly elevated fasting glucose levels
can increase the risk of excessive fetal growth. GCK phosphorylates glucose to create glucose-6-phosphate in the pancreas
and liver. Fascinatingly, fetal growth is normal if the GCK mutation is present in both the mother and the fetus, whereas
if the GCK mutation is present only in the fetus, there is a higher chance of fetal growth restriction due to altered glucose
sensing by the fetal pancreas[19]. Due to the pancreatic p-cells” capacity to boost their insulin response, these women
initially adaptively sustain normoglycaemia in the early stages of pregnancy. The increase in IR, however, makes the
insulin response insufficient by the end of pregnancy[20]. The binding of insulin to the cell surface insulin receptor in
peripheral tissues such as skeletal muscle causes glucose uptake by cells in non-pregnant women with adequate glucose
tolerance. As was already stated, sensitivity decreases with growing gestation during pregnancy, and this decreases even
more in women who develop GDM, both before and during pregnancy[14].

According to reports, epigenetic modifications involve several molecular pathways, including traditional epigenetic
changes affecting DNA methylation and histone modifications and small RNA-mediated processes, especially those
involving microRNAs (miRNAs). It is understood that epigenetic modifications are important mediators of gene
regulation concerning diabetes[21]. Impairment in histone modifications (such as H3 Lysine 9demethylation and SIRT1/
2/6-dependent deacetylation) have been known to associate with T2DM[22,23]. Recent studies showed the role of
miRNAs in the pathogenesis of diabetes. Pancreatic B-cells of individuals with diabetes have a cluster of miRNAs (such as
miR-375, miR-1203, miR-412, miR-216a, and miR-101-3p), and their impaired epigenetic regulation is involved in glucose
tolerance, insulin secretion, and B cell functioning[24-26]. In addition, to understand the newer mechanism of diabetes,
scientists are also trying to explore novel therapeutic strategies for diabetes. Besides currently available anti-diabetic
therapy (biguanides, sulfonylureas, thiazolidinediones, dipeptidyl peptidase-4 inhibitors, glucagon-like peptide 1
analogs, and sodium-glucose co-transporter-2 inhibitors), nowadays some newer anti-diabetic treatment strategies (oral
hypoglycemics incorporated nanocarriers, insulin pump, pancreatic islet cell transplantation, artificial pancreas, tissue
engineering, gene therapy, and stem cell therapy) are in emerging stage[27].
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INSULINOMA

Insulinomas are rare neuroendocrine tumors originating from pancreatic beta-cells[28,29]. Due to this, the pancreas
makes extra insulin, more than that body can use to keep the blood sugar level balanced. This condition causes blood
sugar levels to drop significantly. Insulinomas occur in 1 in 100000 of the population and represent 1% to 2% of all
pancreatic neoplasms[30]. Ninety percent or more of all insulinomas are benign in nature, whereas larger tumors are
more likely to be malignant[31]. Insulinomas can arise at any age and have an equal gender distribution. Gastroentero-
pancreatic neuroendocrine tumors (GEPNETSs), also known as ascarcinoids and islet cell tumors, based on tumor
diameter and stage are commonly graded and classified according to the World Health Organization (WHO) classi-
fication of endocrine tumors[32-34]. They are divided into four groups: (1) Well-differentiated endocrine tumor (benign,
restricted to the pancreas, < 2 cm in diameter, < 2 mitoses per 10 high power fields (HPFs), < 2% Ki-67 positive cells, no
angioinvasion or perineural invasion); (2) Well-differentiated endocrine tumor with uncertain behavior (WDETUB)
(restricted to the pancreas with one or more of the following features: 2 cm in diameter, > 2 mitoses per 10 HPFs, > 2% Ki-
67 positive cells, angioinvasion, and perineural invasion); (3) Well-differentiated endocrine carcinoma (low grade
malignant; gross local invasion and/or metastases); and (4) Poorly differentiated endocrine carcinoma (high grade
malignant; > 10 mitoses per 10 HPFs)[25]. The WHO 2000/2004 classification was not extensively recognized because of
stage-related classification and the category of ‘uncertain behavior’ such as WDETUB[34]. The European Neuroendocrine
Tumor Society proposed a grading classification and site-specific staging system in 2010[34]. GEPNETs were separated
into three groups based on mitoses and the Ki-67 index: NET grade 1 (G1), NET grade 2 (G2), and neuroendocrine
carcinoma grade 3 (G3).

In the 1860s, Langerhans[35] made the first careful and detailed description of the microscopic structure of the
pancreas. In 1893, the French histologist GE Languesse named the spots described by him ‘ilots de Langerhans’. These
cells were later established to have insulin secreting property. Several years later, in 1922, Banting and Best isolated
insulin (or ‘“isletin’, as they called it) from a solution extract of a dog’s pancreas. In 1923, Harris proposed a clinical
likelihood of hyperinsulinism and compared it with the diabetes-induced hypoinsulinism[36]. Albert Nicholls described
the first adenoma arising from the islets of Langerhans in 1902. He also gave the first report of a pancreatic neuroen-
docrine tumor (PNET). In 1927, the first insulinoma was defined in Mayo Clinic and was dissected out in 1929 (Toronto).
At the St. Jouis hospital in 1931, the first enucleation of insulinoma was done. In 1935, Allen Whipple and Virginia
Kneeland Frantz published a classic paper describing the historical diagnostic criteria for insulinoma in Annals of Surgery.
The Whipple’s triad, the diagnostic hallmark of insulinomas, includes: Symptoms of hypoglycemia triggered by fasting,
circulating glucose level less than 50 mg/dL at the time when symptoms exist, and respite of symptoms with adminis-
tration of glucose[37].

Hypoglycemic episodes caused by inappropriate insulin secretion are divided into two main categories, adrenergic
symptoms (caused through activation of the sympathetic nervous system/catecholamine release) and neuroglycopenic
symptoms (caused through decreased central nervous system glucose supply and may result in serious and debilitating
neurological symptoms)[38,39]. Adrenergic symptoms include sweating, tremor, palpitations, tachycardia, agitation,
nervosity, and increased appetite. Neuroglycopenic symptoms include impairment of consciousness, mental concen-
tration, visual disturbances, blurred vision, ataxia, disorientation, memory deficits, stupor, seizures, and coma. Most
patients testified with insulinomas present neuroglycopenic symptoms and less than 10% of insulinomas are reported to
be malignant[40]. It has been found that the majority of malignant insulinomas progress slowly. Due to the rarity of
insulinoma, it is often misdiagnosed as epilepsy[40] or juvenile myoclonic epilepsy[41]. Timely diagnosis of occult or non-
detectable insulinomas is a diagnostic challenge for radiologists and critical to medical treatments, as well as how to
manage cases of malignant insulinoma for surgeons. Most insulinomas are intrapancreatic, benign, and solitary. Various
biochemical diagnosis and imaging techniques provide advanced knowledge of the site of the mass and vital information
for preoperative localization and intraoperative detection of an insulinoma. The biochemical diagnosis 72-h fasting test is
considered as the gold standard for confirmation of insulinoma diagnosis[42]. This test consists of consecutive
measurement of plasma glucose, insulin, C-peptide, and proinsulin in adults with signs of neuroglycopenia or known
low blood glucose levels. The combination of computerized tomography, magnetic resonance imaging, and endoscopic
ultrasound has been reported to be highly sensitive in the localization of insulinomas and metastatic disease. In addition,
intraoperative palpation combined with intraoperative ultrasound has been also found very effective with a high
detection rate (up to 93%)[39,43,44]. Treatment for insulinomas is largely surgical procedure (such as open surgery and
laparoscopic excision) (Figure 1). However, the patient is operated only if the diagnosis is established. Blind pancre-
atectomy is not an appropriate and preferred therapeutic choice in the treatment of undetected insulinomas.

Insulinomas can occur sporadically or in conjunction with multiple endocrine neoplasia type 1 (MEN-1) syndrome
(previously known as Wermer’s syndrome). MEN-1 syndrome, an autosomal dominant disorder, was linked with
mutations in the MEN1 gene[45]. The MEN-1 locus was mapped to chromosome 11 by family studies, and it revealed
fitted linkage with the human muscle phosphorylase gene. Several lines of evidence have suggested a role of MEN-1 as a
recessive tumor suppressor gene and the two-hit hypothesis for tumor suppressor genes (first proposed by Knudson for
tumorigenesis of retinoblastomas) applies to MEN-1 syndrome[46,47]. The inactivation of the MEN-1 tumor suppressor
gene, encoding a 610 amino acid nuclear protein-Menin, in patients leads to a collection of changes in endocrine tissues,
including parathyroid neoplasia, pituitary adenomas, PNETs, and carcinoids. Menin is involved in the regulation of
multiple important signaling pathways with a variety of nuclear and cytosolic proteins, such as JunD, nuclear
transcription factor-kappa B (NF-xB), Smad3, FANCD2, RPA2, and ASK][46]. Thus, Menin regulates critical steps in cell
proliferation, apoptosis, and maintenance of genome integrity.
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Figure 1 Different treatment options based on suspected aggressiveness of insulinomas[33]. SSAs: Supramolecular self-associating amphiphiles;
PRRT: Peptide receptor radionuclide therapy.

The phosphatidylinositol-3-kinase (PI3K)/Akt and mammalian target of rapamycin (mTOR) signaling pathways are
intracellular signaling pathways that play a critical role in the regulation of cell cycle, cell growth, and survival, as well as
in pathological conditions (such as pancreatic endocrine tumors). The Akt/mTOR pathway is also involved in the
regulation of glucose homeostasis and dysregulated mTOR signaling is networked in peripheral IR through numerous
distinct mechanisms[48,49]. mTOR inhibitors have an antiproliferative outcome by blocking signaling in the PI3K/Akt/
mTOR pathway. Clinical studies suggest that the mTOR inhibitor Everolimus (EVR) normalized plasma glucose levels in
metastatic insulinoma within 14 d[50]. EVR, a rapamycin analog, affects tumor progression, rapidly controls
hypoglycemia, and causes hyperglycemia by several mechanisms synergistically. Sunitinib, an oral multitargeted
receptor tyrosine kinase inhibitor, displayed antiangiogenic and antitumor activity against advanced PNETs[51]. The
diagnostic approaches, understanding of biomarker histology, and therapeutic management of PNETs have improved
during the last two decades. However, the etiology of these tumors is poorly understood. The correct diagnostic criteria,
improved classification, and specific therapeutic approaches are important to protect patients from misdiagnosis and
pitfalls. Emerging therapeutic options and a better understanding of PNETs certainly offer the potential to diagnose
suspected cases, improve preoperative localization of insulinomas and patient outcomes, and provide symptom control
to improve quality of life. However, improved therapy combinations and safety of treatment remain areas for future
research.

MS

MS is an accumulation of several disorders due to assemblage of cardiometabolic risk factors, such as obesity, IR,
hypertension, and dyslipidemia, which together increase the risk of developing atherosclerotic cardiovascular disease
(CVD), neurological problems, and DM[52]. MS adversely affects several body systems. Metabolic disorder becomes a
syndrome if an individual has few of the following criteria: (1) Waist size greater than 40 inches in men and 35 inches in
women (obesity); (2) Higher fasting glucose of 100 mg/dL or greater (hyperglycemia); (3) Blood triglycerides values equal
to or greater than 150 mg/dL (dyslipidemia); (4) High-density lipoprotein (HDL) cholesterol level lower than 40 mg/dL
in men or less than 50 mg/dL in women (low HDL/good cholesterol); and (5) Elevated blood pressure values of systolic
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(130 mmHg or higher) and/ or diastolic (85 mmHg or higher) (hypertension)[52]. The WHO first established its definition
in 1998 and was the first to document the cluster of crucial components of IR, obesity, dyslipidemia, and hypertension,
which are known to be interrelated[53]. The WHO criteria (1998) were set as IR or diabetes, plus two of the five criteria
above. In 1999, the European Group for the Study of Insulin Resistance, proposed a modification to the WHO definition,
hyperinsulinemia, plus two of the four criteria[54].

In 2001, the National Cholesterol Education Program (NCEP) Adult Treatment Panel III (ATP III) defined that MS is
present if three or more of the above five criteria are present[55]. The NCEP ATP III description is one of the most widely
accepted criteria for MS[56]. In 2005, the International Diabetes Foundation issued new criteria for MS which said obesity,
plus two of the four criteria[57]. A study showed the association of sleep-related characteristics (such as sleep duration,
insomnia, and day-time napping) with a higher prevalence of MS in the general population[58]. A cross-sectional study of
MS and sleep duration exhibited that women have a higher risk of MS and higher MS severity scores due to short and
long sleep duration[58]. While in men, higher risk of MS and higher MS severity scores were associated with short sleep
duration[59].

Understanding of the four central features (IR, visceral adiposity, atherogenic dyslipidemia, and endothelial
dysfunction) helps us to broadly define MS and their interrelationships. Insulin produced by beta-cells of the pancreas in
response to hyperglycemia kindles glucose uses differently in various tissues (such as glucose uptake by translocation of
the GLUT4 to the cell surfaces in skeletal muscle and adipose tissue). The primary effect of these different mechanisms is
to increase glucose uptake, decrease circulating glucose levels, and enhance its conversion into the key storage molecules,
such as glycogen or fats. IR (also referred as IR syndrome) is a main underlying mechanism responsible for MS. IR is also
described as a convincing interpreter of T2DM][60,61]. In IR, adipose, muscle, and liver cells do not respond correctly to
insulin, thus circulating glucose levels remain high, leading to physiological and pathological changes. Hyperinsulinemia
is a surrogate pointer for IR in the body. Physiological insulin signaling is triggered by binding of insulin to the insulin
receptor (a ligand-activated tyrosine kinase) and it transpires via activation of two parallel pathways: The PI3K or PI3K-
Akt pathway and mitogen-activated protein kinase (MAPK) pathway. The protein kinase B (PKB or Akt) is involved in
the regulation of multiple cellular physiological processes like cell metabolism, growth, proliferation, and survival. PKB
or Akt initiation is measured by a multi-step process that involves PI3K. The PI3K-Akt pathway is responsible for many
of the downstream metabolic effects of insulin. In IR, the PI3K-Akt pathway is dysregulated, whereas the MAPK pathway
is not[56]. This leads to a change in the balance between these two critical intracellular signaling pathways.

Abdominal obesity, also referred as visceral or central obesity, categorized by increased adipose tissue surrounding the
intra-abdominal organs, has been linked with several medical conditions such as MS, CVD, and some malignancies[62].
In 1991, Bjorntorp[63] described the role of abdominal obesity in the development of IR and MS. Visceral obesity based on
epidemiological, clinical, experimental, cellular, and molecular evidence has also been denoted as an expression of a
‘Civilization Syndrome’[64]. Abdominal or visceral obesity leads to variation of the normal physiological equilibrium of
adipokines, endothelial dysfunction, IR, and a pro-atherogenic state[65]. Adiponectin, an anti-atherosclerotic adipokine, is
a 244-amino acid protein secreted largely by the adipocytes and a recognized homeostatic factor for regulating glucose
levels, lipid metabolism, and insulin sensitivity in the body[66]. Adiponectin signaling in mammals is mediated via two
adiponectin receptors, which occur as two isoforms: AdipoR1 and AdipoR2. Its level decreases in obesity-related diseases
such as T2DM, CVD, and MS[67,68]. The adipokines, free fatty acids (released from visceral fat), and bioactive lipid
intermediates together disturb the PI3K-Akt pathway and increase oxidative stress. Adiponectin elicits a few downstream
signaling events in adiponectin signal transduction (Figure 2). The adaptor protein APPL1 is the first recognized protein
that networks directly with adiponectin receptors (AdipoR1 and AdipoR2) and acts as a signaling pathway mediator in
cross-talk with adiponectin and insulin[67,69]. Adiponectin-dependent insulin sensitization in insulin responsive tissues
is mediated by activation of IR substrate (IRS)1/2. Adiponectin exerts its effect primarily by activating AMP-activated
protein kinase (AMPK), p38 mitogen-activated protein kinase, and peroxisome proliferator-activated receptor-a
promoting fatty acid oxidation, vasodilation, glucose uptake, and energy expenditure, thereby decreasing the levels of
glucose and lipids[65,67] (Figure 2). Furthermore, activated AMPK by adiponectin prevents IkappaB kinase/ NFxB/PTEN
triggered apoptosis.

Biomarkers of inflammation and endothelial dysfunction, a type of non-obstructive coronary artery disease, have been
associated with MS and diabetes[70,71]. Vascular endothelium (VE) regulates vascular homeostasis through a delicate
balance between the secretion of vasodilators and vasoconstrictors (Figure 3). Recently, Ganguly et al[72] discussed the
role of inflammation in obesity and its mitigation by natural products. Endothelial dysfunction in obesity-induced inflam-
mation due to excessive deposition of fat leads to uneven secretion and release of inflammatory mediators or proinflam-
matory cytokines, like interleukin (IL)-6, IL-1B, tumor necrotic factor-a (TNF-a), leptin, and activation of monocyte
chemo-attractant protein-1 (MCP-1)[72]. These biomolecules subsequently reduce the formation of adiponectin, leading to
commencement of a proinflammatory state in the obese body[71,72]. Under normal physiology, there is a balanced
release of various vasodilator agents but an imbalance in their production, mainly nitric oxide (NO), endothelial-derived
hyperpolarizing factors, prostacyclin, and vasoconstricting agents, including prostaglandin, endothelin-1, and
angiotensin-II, results in advancement to endothelial dysfunction[73]. The mechanisms of endothelial cell dysfunction
associated with inflammation is mainly due to alterations in the balance between proinflammatory and procoagulant
state, and anti-inflammatory and anticoagulant properties of the endothelium influencing the VE shift towards the
prothrombotic and proatherogenic states[72,74]. These prothrombotic and proatherogenic states alter cell processes,
leading to vascular inflammation, platelet activation, leukocyte adherence, mitogenesis, vasoconstriction, pro-oxidation,
impaired coagulation, atherosclerosis, and thrombosis with consequent CVDs.

MS is a distinctive constellation of abnormalities through the interaction of genetic, hormonal, and lifestyle factors.
However, a distinct understanding of the molecular mechanisms in the pathogenesis of endothelial dysfunction and other
abnormalities may allow the development of new diagnostic tools and early therapeutic measures to improve health in
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Figure 2 Schematic representation showing downstream signaling events in cross-talk between adiponectin signal transduction and
insulin signaling pathway[67]. IRS: Insulin receptor substrate; APPL1: Adaptor protein containing a pleckstrin homology domain, phosphotyrosine binding
domain, and leucine zipper motif; PPAR: Peroxisome proliferator-activated receptor; ACO: Asthma-COPD overlap; GLUT: Glucose transporter; PI3K:
Phosphatidylinositol-3-kinase; PDK: Phosphoinositide-dependent kinases; PKB: Protein kinase B; eNOS: Endothelial nitric oxide synthase; IKK: lkappaB kinase; NF-
kB: Nuclear transcription factor-kappa B; PTEN: Phosphatase and tensin homolog deleted on chromosome 10.

the next generations. A pleotropic polygenic architecture underlying MS tends to cluster together, resulting in an
augmented risk for CVD, T2DM, and various cancers. Research will continue to uncover this fascinating complex trait
and its subsequent cardiometabolic risk factors.

PCOS

PCOS is one of the most common metabolic diseases among women of the reproductive age group. Very frequently
PCOS is classified as an endocrine disorder due to the direct involvement of the hypothalamic-ovarian axis, where IR is
considered as the primary pathological basis. The typical presentation of PCOS includes hyperandrogenism and evidence
of ovarian dysfunction such as chronic oligo-anovulation and/or micro-polycystic morphology of the ovary[75].
Although the familial aggregation of PCOS is very frequently reported, the heritability of the disease is not well explained
[76]. Moreover, the literature indicates controversies regarding possible role of IR in PCOS. Recently, Armanini et al[76]
summarized IR related controversies in PCOS therapy and diagnosis. Clinically, PCOS is heterogeneous where several
non-genetic modifiable factors such as intrauterine environment, gut microbiota, nutritional status, endocrine regulation,
and environmental exposure to heavy metals and toxins, have been reported to play critical roles in determining the
PCOS pathogenesis[77].

Although the particular molecular trigger of PCOS is unclear, clinical and molecular studies have well-established the
link between IR and PCOS without a clear cause-effect relationship[75]. PCOS subjects were frequently reported to have a
higher magnitude of IR when compared to healthy controls where the magnitude is mild among lean compared to obese
individuals[78]. Recent evidence from clinical, pathological, ex vivo, and in vivo studies indicated the implication of
aberrations in insulin signaling-associated pathways in PCOS. IR in terms of impaired downstream metabolic insulin
signaling through increased serine phosphorylation and reduced tyrosine phosphorylation of IR and its substrate IRS-1
among PCOS subjects was reported[79]. Unlike metabolic signaling, activated mitogenic signaling (such as androgen
production) which is regulated through IR was also found significantly affected by IR-induced hyperinsulinemia[80].
However, other findings have also suggested that there can be insulin-independent increased androgen production in the
ovary due to reduced levels of activated mitogen-activated protein kinase 1/2 and extracellular signal-regulated kinase
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Figure 3 Important molecular functions of endothelial cells and the link between obesity-induced inflammation and endothelial
dysfunction[74]. MMP2: Matrix metalloproteinase 2; PGI2: Prostacyclin; IGF-1: Insulin-like growth factor-1;ROS: Reactive oxygen species; FGF: Fibroblast growth
factor; tPA: Tissue plasminogen activator; TFPI: Tissue factor pathway inhibitor; EGF: Epidermal growth factor; TGF-B: Transforming growth factor-B; PDGF: Platelet-
derived growth factor; VCAM: Vascular cell adhesion molecule; ICAM: Intercellular adhesion molecule; ET-1: Endothelin-1; PAF: Platelet activating factor; vWF: von
Willebrand factor; TXA2: Thromboxane A2; NO: Nitric oxide.

1/2 (ERK1/2) with impaired mitogenic pathways[81].

Studies on insulin-resistant PCOS have also confirmed that PCOS-IR is independent of the proximal insulin signaling
cascade[82]. Recent studies highlight defects in insulin receptor downstream signaling comprising activation of
phosphorylated IRS-1 through protein kinase C or GLUT-4 translocation via PI3K/ Akt that cause IR in PCOS[83]. Serum
levels of several IR induced obesity associated proinflammatory molecules such as TNF, C-reactive protein, MCP-1, and
IL-18 were found to be elevated in women with PCOS[84]. Recent research to uncover the effects of IR-induced
hyperandrogenemia (HA) associated with PCOS was tested in endometrial organoids. It was reported that excess
androgen promotes endometrial cell proliferation which is seen in endometrial disorders associated with PCOS[85].

miRNAs in PCOS

Identification of novel miRNAs in PCOS has highlighted the extent of cross-talk with IR. Cross-sectional expression
studies in the last decade have identified several miRNAs that are associated with PCOS-IR and non-insulin resistant
PCOS. An elevated serum level of miR-222 was reported in PCOS, which is positively correlated with serum insulin and
associated with T2DM[25,86]. Additionally, miR-146a and miR-30 were identified and implicated in PCOS via insulin-
related signaling pathways[87]. Significantly reduced serum level of miR-24 was identified in both PCOS and T2DM,
which was also found to downregulate insulin production. Downregulation of miR-29a was found associated with PCOS,
which targets IRS-1, StAR-related lipid transfer protein 3, and androgen receptor that are key regulators of insulin
signaling and ovarian steroidogenesis, respectively[88,89]. Significantly higher expression of miR-32, miR-34c, miR-135a,
miR18b, and miR-9 in ovarian follicular fluid was identified among PCOS patients compared to healthy controls. Target
genes of these miRNAs, namely, Synaptotagmin 1 and IRS-2, are directly implicated in carbohydrate metabolism and
insulin response[90]. Overexpression of miR-145 inhibits IRS-1 expression, which ultimately inhibits MAKP/ERK
signaling pathways in ovarian granulose cells. Elevated insulin level suppresses miR-145, upregulates IRS-1, and
promotes cell proliferation. miR-145 is considered a novel and promising molecular target for improving granulose cell
dysfunction in PCOS-IR patients[91]. Figure 4 depicts the involvement of clinically relevant miRNAs regulating insulin
signaling pathways implicated in PCOS.

Microbiota in PCOS

The role of gut microbiota in regulating metabolism and endocrine function is well illustrated. The early hypothesis
stated the possible cause-effect axis between dysbiosis of gut microflora and PCOS, considering that high-fat diet induced
leaky gut allows systemic circulation of lipopolysaccharide which induces IR/hyperinsulinemia and promotes the
synthesis of testosterone that dysregulates follicular development implicated in PCOS[92]. A triad of HA, IR, and inflam-
mation connects PCOS with the gut microbiota. The vicious cycle of IR-induced HA leads to decreased production of sex
hormone-binding globulin and promotes ovarian follicular maturation and ovulation disorder. Prenatal exposure to
excess androgen was found to influence gut microbial dysbiosis that affects the production of short-chain fatty acids such
as acetate, butyrate, and propionate. An in vivo study on rats with prenatal androgen identified a higher relative
abundance of Nocardiaceae and Clostridiaceae that are associated with steroid hormone synthesis, and a lower abundance
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Figure 4 Schematic diagram summarizing the involvement of clinically relevant microRNAs expressed in major tissues in regulating
insulin signaling pathways implicated in polycystic ovary syndrome. T2DM: Type 2 diabetes mellitus; FSH: Follicle-stimulating hormone; IRS: Insulin
receptor substrate.

of Akkermansia, Bacteroides, Lactobacillus, and Clostridium that are known to lower the systemic inflammation[93]. A recent
study by Zeng et al[94] reported that the abundance of Prevotellaceae significantly decreases in PCOS-IR patients, which is
negatively correlated with IR, sex hormones, and inflammation. Gut microbial dysbiosis was reported most dramatically
among PCOS-IR groups. A better understanding of gut microfloral association with IR and PCOS paved the path for
developing novel treatment and disease management approaches for PCOS[95].

INSULIN AND NEURONAL DISORDERS

The majority of insulin in the brain is transported through blood circulation after its synthesis in the pancreas[96].
However, studies also suggest synthesis of insulin from neurons[97]. Further, neurons and glial cells also express insulin
receptors, which facilitate the insulin signaling in the brain essential for various crucial functions including metabolic
activity and cognition[98,99]. In humans with type 1 and type 2 diabetes, reduction in size of the hippocampus and
altered functional connectivity between different brain regions have been reported, followed by a higher risk of
behavioural changes and accelerated cognitive decline with the aging process[100,101]. Neuron-specific insulin receptor
knockout (NIRKO) mice were observed to show the absolute loss of insulin linked PI3K activation and neuronal
apoptosis inhibition. NIRKO mice also showed reduced phosphorylation of Akt and glycogen synthase kinase 3 beta
(GSK3p) and increased tau protein phosphorylation[102]. Insulin is shown to cause an increase in activity of dopamine
neurons, regulate transmission of N-methyl-D-aspartate receptors in hippocampal neurons, and contribute to the
development of long-term hippocampal potentiation[103]. Insulin also regulates o-amino-3-hydroxy-5-methyl-4-isoxazo-
lepropionic acid (AMPA) receptor activity and plays an essential role in insulin-induced long-term depression, indicating
importance of insulin in memory flexibility and consolidation[98]. Insulin receptors are also known to regulate GABA
receptor activity, structural plasticity of the brain, and postsynaptic density protein 95 expression, which is essential for
the postsynaptic junction formation, indicating the impact of insulin on synaptic plasticity and behavior[104-106].

Direct infusion of insulin to the cerebral ventricles is reported to cause increased production of brain derived
neurotrophic factor and hippocampal neurogenesis in rodent models[107]. In another study, improvement in mood
assessments and self-confidence and word-recall memory scores in healthy human subjects treated with intranasally
delivered insulin was reported[108]. IR was observed in various instances of neurodegenerative diseases[109] and
neurotrauma[110,111]. In Alzheimer disease (AD) patients, glucose uptake markedly decreases, and cerebral IR and
glucose metabolism were also reported to be impaired[112]. The PI3K/AKT pathway, a major branch of insulin pathway
that is also known to be a major contributor to IR, was downregulated in AD[65,113]. Further, abnormal serine pho-
sphorylation of IRS1, a homeostatic regulator of PI3K signaling, gets localized with neurofibrillary tangles and hinders
the actions of insulin[114]. Downregulation of the PI3K/AKT pathway leads to alteration in expression of GSK-3p and
protein phosphatase 2A, two downstream targets, and causes increase in tau phosphorylation and neurofibrillary tangle
formation[115]. Deficiency of insulin in the brain also induces hyperphosphorylation of c-Jun N-terminal kinases,
neurofilament, and tau followed by cellular ultra-structural damage, which further induces cognitive and learning
disabilities.

Insulin causes enhanced excitability of cholinergic interneurons, which activate nicotinic acetylcholine receptors
leading to dopamine release in the brain followed by its uptake via the PI3K pathway[116]. In Parkinson’s disease (PD)
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also, the PI3K/ Akt pathway gets altered with GSK-3p overexpression, leading to increased neurofibrillary tangle
formation contributing to PD dementia[117]. T2DM mouse models are reported to show more expression of a-synuclein
and are more susceptible to toxin-induced dopaminergic loss[118]. Further, genetic PD due to mutation in a-synuclein can
also influence insulin sensitivity and inhibit AKT activation[119,120]. Thus, insulin mediated signaling plays an
important role in maintaining brain homeostasis.

CANCER AND INSULIN

The association of insulin and cancer is specifically significant to researchers working in areas of coalescent cancer
approach. It furnishes a prospective biological foundation for several approaches to cancer therapeutics which consist of
exercise, diet, efc. This shall also be helpful in discovering the function of stress in cancer instigation and advancement.
Moreover, there is rising evidentiary support for obesity and cancer relationship which may ultimately help restore the
various contradictions in the context of cancer that usually occur. There have been reports on circulating plasma insulin/
insulin-like growth factor (IGF)-1 levels to exhibit specific prognosis of cancer variants in humans[121]. The correlation
between cancer instigation and plasma insulin/IGF-1 levels is probably because of a straight reaction of these compounds
on tumor cells. The insulin receptor is frequently expressed in cancers, along with other transcription factors in the insulin
pathway[122].

Disparate human trials are under way for the investigation of the influence of the decrease in insulin levels in humans
suffering from cancer. These are basically established on various other preclinical reports exhibiting a substantial
impression of insulin in instigating cell proliferation in vitro and in vivo[123]. At present, approximately 12 trials on the
effect of metformin with regard to decrease in cancer growth are ongoing[124]. Metformin is basically an inhibitor of
hepatic gluconeogenesis instead of being related to insulin[125].

There are several pathways via which IR may influence the malignant condition. Cancer is a sequential phenomenon
showing acquired genetic variations steering the step-by-step conversion, from typical usual cells to precancerous to
malignant[126]. Insulin may augment the anabolic condition which is mandatory for growth of cells, in turn enabling
continued presence of substrates which include amino acids and glucose.

Breast cancer

Insulin is an influential hormone that instigates various mechanisms associated with breast cancer biology. A greater
number of reports have concentrated on scrutinizing the prospective connections between body mass index (BMI) and
breast cancers. In recent times, there are documentations regarding the assessment of the possible relation between
variables of metabolic health like insulin and HbAlc. An association between T2DM and cancers including breast cancer
has been reported by the American Diabetes Association and the American Cancer Society[127]. In humans with breast
cancer, diabetes is linked with a high fatality hazard ratio of 1.41 (95% confidence interval: 1.28-1.55)[128]. These reports
in post-menopausal women furnish support that metabolic disturbances, rather than BMI, may be a better indicator of
breast cancer risk. However, more investigations are the need of the hour as there is a dearth of information regarding the
possible link between metabolic discrepancies, insulin, and breast cancer risk in post-menopausal women. In spite of
diabetes/IR and breast cancer being two separate diseases, insulin signaling plays major role in both ailments. Insulin
promotes cancer associated activities which consist of tissue inflammation, angiogenesis, and motility[129]. Very few
reports are available regarding the influence of adjuvant chemotherapy or aromatase inhibitors on glucose and insulin
physiology in women suffering from breast cancer[130].

Lung cancer

Lung cancer, one of the most common cancers, is highly invasive, metastatically active, and resistant to drugs[131,132].
Non-small cell lung cancer (NSCLC) is the most frequently occurring lung cancer type constituting about 85% of all lung
cancer cases[133]. The IGF-1 signaling pathway has been insinuated in lung cancer cases that helps in defiance towards
therapeutic interventions[134]. IGF-1 ligand and IGF-1 receptor (IGF-1R) expression is enhanced in NSCLC, and
increased IGF-1R level is related with decreased survival in skin squamous cell carcinoma patients[135]. NSCLC
individuals have high levels of both IGF-1R and epidermal growth factor receptor (EGFR) with decreased relapse-free
survival and overall survival[136,137]. Occurrence of separate expression levels for IRS-1 and IRS-2 in adenocarcinoma
and squamous cell carcinoma hints towards involvement of IRS-1 and IRS-2 in NSCLC biology[138]. IGF binding proteins
(IGFBPs) are proteins that regulate the IGF pathway by sequestering the IGFs and ultimately modulating the mitogenic
effect of IGF receptors[139]. The traditional IGFBP family has six members (IGFBP1-6), which attach IGFs with increased
affinity[140], although the notion of IGFBPs has lately been reconceptualised and finally more proteins have been added
that enhance half-life of IGFs. Now at least ten members of the IGFBP superfamily have been recognized, which also
include the proteins that bind IGFs with low affinity[141]. Currently, typically IGFBPs have enticed enhanced awareness
because of their function in NSCLC. Prior reports have exhibited abnormal expression of IGFBPs in NSCLC[142]. The
threat of tumor proliferation and metastasis in NSCLC is greatly enhanced by the rise in the levels of IGF1 and IGF2,
elevation in IGF-1R, and impairment of transcription factors concerned with PI3K/Akt and MAPK cascades[143]. The
molecular association of hyperinsulinemia/hyperglycaemia and cancer is depicted in Figure 5.

Prostate cancer
Metabolic disorders such as obesity[144,145] and hyperinsulinemia[146] are related with prostate cancer risk. Lifestyle
parameters like excess energy consumption[147] and physical inactivity[148,149] are usually linked with prostate cancer
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Figure 5 Molecular association of hyperinsulinemia/hyperglycaemia and cancer. Increased insulin-like growth factor (IGF) due to hyperinsulinemia
increases IGF-1R activation which in turn activates downstream signaling and causes prostate cancer{135]. Hyperinsulinemia, hyperglycemia, and insulin resistance
may lead to breast cancer[129]. Increased insulin in diabetic patients increases IGF-1/IGF-2 circulating levels which interact with IGF-1R present on lung cells. Thus,
the activation of the receptor and thereby activated downstream signaling increase carcinogenesis in lung cells. Most of the IGF binding proteins are known to bind
circulating IGF-1/IGF-2 and thereby interrupt their interaction with IGF-1R[133,137]. IGF: Insulin-like growth factor; IGFBPs: Insulin-like growth factor binding proteins;
PI3K: Phosphatidylinositol-3-kinase; mTOR: Mammalian target of rapamycin; MAP: Mitogen-activated protein; ERK: Extracellular signal-regulated kinase; MAPK:
Mitogen-activated protein kinase; IR: Insulin receptor.

that finds linkage with metabolic dysfunction leading to IR, pro-inflammation, and hormonal fluctuations[150]. Insulin
acts via a tyrosine kinase receptor (insulin receptor), which is present in two isoforms, insulin receptor-A and insulin
receptor-B. Instigation of the insulin receptor further triggers P13K/Akt/mTOR mechanism and MAP/ERK-kinase
cascade, leading to cell proliferation and metastasis[151]. Hence, enhanced levels of insulin linked with IR, banded
together with augmented level of insulin receptors in prostate cancers, suggest that insulin is an important supporter of
prostate cancer progression. IGF-1 attaches to both the IGF-1R and insulin receptor to further propagate mitogenic
signaling processes that enhance cell proliferation and reduce apoptosis[134]. Both IGF-1R and insulin receptor are
elevated in prostate cancer tissues[152] and combating forces attacking the IGF-1R/insulin receptor mechanism are under
process[153,154]. A rising number of reports hint towards the fact that the IGF/insulin mechanism may be significant to
the transmembrane protease serine 2: ETS transcription factor gene fusion, which is known to be the most frequently
occurring somatic process in primary prostate cancer[155,156].

CONCLUSION

Insulin, a small protein with 51 amino acids produced by pancreatic B-cells, plays an important role in metabolism. It is
essential for maintaining glucose homeostasis at biochemical and molecular levels under varied physiological conditions.
Insulin mediated altered glucose homeostasis has been associated with several pathophysiological ailments such as
diabetes, insulinomas, PCOS, neuronal disorders, and cancer. T1DM, T2DM, and GDM are the important patho-
physiological conditions primarily associated with the insulin disorder. Insulinomas are a rare neuroendocrine tumor
originating from pancreatic beta-cells and represent 2% of all pancreatic neoplasms. Obesity, IR, hypertension, and
dyslipidemia are just a few of the cardiometabolic risk factors that can lead to MS and raise chance of atherosclerotic
CVD. IR is a main underlying mechanism for MS. One of the most prevalent metabolic disorders in women of
childbearing age is PCOS. It is classified as an endocrine disorder due to the direct involvement of the hypothalamic-
ovarian axis with IR as the primary pathological factor. IR in PCOS has been linked to impaired downstream metabolic
insulin signaling. Recent evidence from clinical, pathological, ex vivo, and in vivo studies has implicated aberrations in
insulin signaling-associated pathways in PCOS. IR is observed in various instances of neurodegenerative diseases and
neurotrauma, causing abnormal serine phosphorylation of IRS1 and neurofibrillary tangles and hindering the actions of
insulin. Insulin also regulates AMPA receptor activity and plays an essential role in insulin-induced long-term
depression. Circulating plasma insulin/IGF-1 levels are associated with specific prognosis of cancer variants in humans.
Further, human trials are under way to investigate the relationship between insulin and cancer for devising strategies to
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alleviate human suffering from cancer.
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Abstract

For patients with atrial fibrillation with an increased risk of stroke and contrain-
dications to long-term anticoagulation, percutaneous left atrial appendage closure
(LAAC) has become an important alternative to long-term oral anticoagulation.
Incomplete closure of the LAAC during the procedure leads to faster blood flow
in the interstitial space around the device, resulting in peri-device leak (PDL),
which is not uncommon. Studies are still inconclusive in determining the
incidence, long-term safety, and management of PDL. Therefore, this article
reviewed the progress made in the research and treatment of PDL after LAAC.

Key Words: Atrial fibrillation; Left atrial appendage closure; Peri-device leak; Throm-
boembolism; Cardiac computed tomography angiography; Treatment
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Core Tip: For patients with atrial fibrillation with an increased risk of stroke and
contraindications to long-term anticoagulation, percutaneous left atrial appendage
closure has become an important alternative to long-term oral anticoagulation.
Incomplete closure of the left atrial appendage closure during the procedure leads to
faster blood flow in the interstitial space around the device, resulting in peri-device leak.
The incidence, long-term safety, and management of peri-device leak are still
inconclusive.
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INTRODUCTION

As one of the most common type of arrhythmias, atrial fibrillation (AF) can lead to the development of atrial thrombi.
After a thrombus detaches from the vessel wall, it travels with the blood to the brain and the whole body. In nonvalvular
AF, 90% of thrombi are formed in the left atrial appendage (LAA)[1]. Therefore, LAA closure (LAAC) has become an
effective alternative to long-term oral anticoagulation for the prevention of stroke in AF patients with increased stroke
risk or contraindications to long-term anticoagulation therapy[2]. LAAC uses a catheter delivery system to transport and
fix the prefabricated and preinstalled LAA occlusion device to plug or seal off the LAA to block the blood flow between
the LAA and the left atrium. Variability in the anatomical morphology, size, and orientation of LAAs between patients
can result in the failure of the occluder in sealing the LAA, causing high-velocity blood flow to pass through the gap
around the occluder and can possibly cause peri-device leak (PDL). The clinical significance of PDL is now still a contro-
versial issue, while the main concern is its relationship to thromboembolic events.

CAUSES, ASSESSMENT METHODS, AND GRADING CRITERIA OF PDL
Causes of PDL

Plugs and cups are the two widely used occluders in clinical practice, and they can lead to PDL for slightly different
reasons. PDL occurs with plug occluders when they cannot fully cover the LAA. PDL occurs with cup occluders mostly
due to the gap under the blocking disc that does not fully cover the wall of the LAA[3].

Methods of PDL assessment

Methods to assess PDL include digital subtraction angiography (DSA), intracardiac echocardiography, transesophageal
echocardiography (TEE), and cardiac computed tomography angiography (CCTA). A single-center observational study in
Denmark studied 415 patients who underwent LAAC with the Amplatzer occluder between 2010 and 2018[4]. In total,
346 patients who received CCTA and TEE at 8 wk postoperatively were included in the research. The results of the study
showed that PDL was observed in 110 patients (32%) by TEE, of which 29 (8%) had PDL > 3 mm. PDL was present in 210
patients (61%) by CCTA, of which 63 patients (18%) had PDL > 3 mm. This study suggested that CCTA is more sensitive
than TEE in detecting PDL, which was similar to the findings from other studies[5,6].

In contrast, a study from Zhang et al[7] included a total of 208 patients with nonvalvular AF who underwent LAAC.
Among them, 101 patients received standard surgery (intraoperative TEE confirmation required, retrospective cohort)
and 107 patients with fluoroscopy alone (prospective cohort). The study analyzed individual occluder position,
anchorage, compression, and PDL to assess clinical outcomes in both cohorts and found that both DSA angiography and
TEE assessment intraoperatively showed better performance in assessing the occluder position and anchorage. However,
no significant improvement in assessing PDL was observed (P = 0.304). Other data on intracardiac echocardiography and
DSA are lacking, and further studies are needed.

Grading criteria

There are no well-recognized criteria for the assessment of PDL. For plugging occluders (e.g., Watchman[8]), a PDL <5
mm is generally considered a mild PDL, and PDL > 5 mm is considered severe PDL. PDL in some studies of cap
occluders (e.g.,, LAmbre, ACP/Amulet[9]) strictly defined PDL< 1 mm as mild, PDL between 1-3 mm as moderate, and
PDL > 3 mm as severe. Most experts agree that PDL of 5 mm is recommended as a grading criterion for either plug or cap
occluders (Figure 1).

INCIDENCE OF PDL

Most LAAC-related studies have statistically analyzed the incidence of PDL (Table 1). The PROTECT AF study was the
first randomized controlled study of LAAC in which 468 patients successfully underwent LAAC (Watchman) with their
PDL assessed by TEE[S8]. If TEE found no thrombus on the surface of the occluder and the LAA was effectively occluded
(complete occlusion or PDL < 5 mm), then the TEE criteria were met. Then, warfarin could be discontinued in favor of
aspirin and clopidogrel for continued antithrombotic therapy. However, only 349 patients in this study met the TEE
criteria at the 45-d follow-up, with the initial results of the study showing that the incidence of occluder surface
thrombosis and PDL at 45 d (14%) might be higher than expected. In the subsequent PROTECT AF 2study, it was shown
that during the follow-up after LAAC, 30 patients (7.5%), 14 patients (3.6%), and 10 patients (2.7%) continued warfarin
after PDL (> 5 mm) was detected by TEE at 45 d, 6 mo, and 1 year after the procedure, respectively[10]. In contrast, the
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Table 1 Studies reporting the peri-device leak after left atrial appendage closure

Stud Type of LAA . g
Ref. v . Type of study yP Incidence of PDL Findings
population closure
Holmes et al 485 Randomized Watchman 14%: 25 mm No difference between patients with any PDL in terms
[8] controlled study of primary effectiveness
Dukkipati et 1205 Randomized Watchman 0.7%: > 5 mm; 27.7%: PDL < 5 mm was associated with an increased risk of
al[12] controlled study 1-5 mm; and 71.6%: no  stroke, systemic embolism, cardiovascular,
PDL unexplained death, or all-cause mortality
Korsholm et 153 Retrospective Amplatzer Amulet,  61% PDL did not increase the incidence of events related to
al[13] study Amplatzer Cardiac thromboembolism.
Plug
Wangetal 152 Retrospective LAmbre 15.7%: >3 mm PDL was not associated with an increased risk for
[14] study thromboembolic events
Alkhouliet 51333 Retrospective Watchman, ACP 73.4%:no PDL; 25.8%: Patients with PDL at 1 yr had a 2-fold increase in
al[15] studies moderate; and 0.7%: ischemic stroke/SE at 5 yr compared with patients
severe without PDL
Miller etal 43 Retrospective Watchman FLX More than 40% 3 TIAs (6.98%) and 3 strokes (6.98%) were documented
[17] study each within the 6-mo to 1-yr period

TIA: Transient ischemic attack; PDL: Peri-device leak; SE: Systemic embolization; LAA: Left atrial appendage.

051712023 08:15:01AM

DOI: 10.12998/wjcc.v11.i25.5857 Copyright ©The Author(s) 2023.

Figure 1 Different grades of peri-device leak using transesophageal echocardiographic imaging. A: No peri-device leak (PDL); B: 0-3 mm PDL; C:
3-5mm PDL; D: > 5 mm PDL.

early PROTECT-AF study showed that the incidence of any degree of PDL was 40.9%, 33.8%, and 32.1% at 45 d, 6 mo,
and 12 mo postoperatively, respectively[11]. Of these, mild (1 mm), moderate (1-3 mm), and severe (= 3 mm) PDL
accounted for 7.7% of patients, 59.9% of patients, and 32.4% of patients, respectively.

A total of 1205 patients who were implanted with Watchman occluders from three studies, PROTECT-AF, PREVAIL,
and CAP2, were included in another 5-year follow-up study[12]. By TEE at 45 d, 634 patients (60.2%) had no PDL, 404
patients (38.3%) had PDL < 5 mm, and 16 patients (1.5%) had PDL > 5 mm (TEE information was missing for the
remaining 151 patients). Of the 404 patients with PDL < 5 mm, 255 patients (63.1%) had PDL < 3 mm, and 149 patients
(36.9%) had 3 mm < PDL <5 mm. At the 1-year TEE follow-up, a total of 983 patients reported PDL, of which 704 patients
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(71.6%) had no PDL, 272 patients (27.7%) had PDL <5 mm, and 7 patients (0.7%) had PDL > 5 mm.

A study from Denmark on the Amplatzer occluder included 153 patients who received LAAC and underwent 2-mo
and 12-mo cardiac computed tomography at a single center between 2010 and 2017[13]. The Amplatzer Cardiac Plug
Occluder was implanted in 43 patients (28%). The 2-mo and 12-mo follow-ups showed PDL in 103 patients (67%) and 93
patients (61%), respectively (P = 0.08). The mean PDL size at 2 mo and 12 mo was 2.9 £ 1.7 and 2.4 + 1.4 mm, respectively (
P =0.07).

In a study from Wuhan University People’s Hospital, 152 AF patients were implanted with LAmbre occluders[14]. At
the 3-mo follow-up, 123 patients underwent TEE, of whom 21 patients (17%) had PDL, 19 patients (15.4%) had mild PDL
(1-3 mm), and 2 patients (1.6%) had moderate PDL (> 3 and < 5 mm). Of the 121 patients who underwent TEE at the 12-
mo follow-up, 19 patients (15.7%) had PDL (> 3 mm).

Another retrospective study through the NCDR-LAAO registry included all patients who underwent LAAO between
January 1, 2016 and December 31, 2019[15]. Patients were classified according to PDL size on a 45-d echocardiogram:
PDL= 0 mm, no PDL; PDL > 0-5 mm, moderate PDL; and PDL > 5 mm, severe PDL. A total of 51333 patients were
included, of whom 37696 patients (73.4%) had no PDL, 13258 patients (25.8%) had moderate PDL, and 379 patients (0.7%)
had severe PDL.

In the Amulet IDE study published in 2021, a head-to-head comparison of the safety and efficacy of the plug occluder
(Watchman) vs the cap occluder (Amulet) was performed[16]. The study was randomized to the Amulet or Watchman
groups, with 934 patients in the Amulet group and 944 patients in the Watchman group. It was discovered that the
occluder blocking rate was better in the Amulet group than in the Watchman group at 45 d postoperatively (the
proportion of those with PDL > 3 mm was significantly lower in the Amulet group than in the Watchman group, 11% and
26%, respectively; P < 0.001) and lasted until 1 year postoperatively (9% and 22% in the Amulet group compared with the
Watchman group for PDL 2 3 mm, respectively; P < 0.001). As seen in this study, the incidence of PDL was lower with the
cap occluder than with the plug occluder.

However, the conclusion was different in another recent single-center retrospective study[17]. Miller et al[17] included
43 patients who underwent Watchman FLX implantation from July 2020 to September 2021, and the final results showed
that more than 40% of patients (17/43) implanted with Watchman FLX had PDL. Only 53% of patients (23/43) had
complete closure of the LAA. In this study, the incidence of PDL was not low for the Watchman FLX implantation group
and still requires a long follow-up.

It can be easily seen from the above studies that the incidence of PDL ranges from 9% to 40%, and the incidence of PDL
with different grades also differs. The incidence of PDL may be lower with a cap occluder than with a plug occluder.

PROGNOSTIC IMPACT OF PDL

The prognostic impact of PDL is currently the focus of attention in related studies. Data from the early PROTECT AF
study suggested that patients without PDL were not statistically different than patients with any PDL in terms of primary
effectiveness (P = 0.572) or ischemic stroke or systemic embolism (P = 0.669)[11]. In addition, further analysis found no
statistically significant relationship between PDL severity and the primary endpoint [hazard ratio (HR): 0.84; P = 0.256].

Similarly, the aforementioned study on the Amplatzer occluder noted that with continued follow-up after completion
of cardiac computed tomography at 12 mo and a median follow-up at 2.1 years, 52 patients (34%) had a composite
endpoint of ischemic stroke, systemic embolism, transient ischemic attack, or all-cause death between the 12-mo visit and
the last known follow-up[13]. The study divided PDL into four different grades: no PDL; grade 1; grade 2; and grade 3.
The risk of the composite endpoint was 63% higher in the PDL group than in the no-PDL group, yet no statistical
significance was found [HR: 1.63, 95% confidence interval: 0.90-2.93; P = 0.11]. The study further noted that PDL did not
increase the incidence of events related to thromboembolism.

Although the two studies showed that PDL after Watchman and Amplatzer implantation did not increase the
incidence of thromboembolic events, small sample sizes, small number of thromboembolic events, and short follow-up
periods of both studies may undermine the statistical efficacy.

The retrospective NCDR-LAAO registry study also showed a trend toward increased ischemic stroke or systemic
embolism in patients with any PDL at 45 d (5-year incidence 9.2% vs 6.6%), but this was not statistically significant (P =
0.14)[15]. However, patients with PDL at 1 year had a 2-fold increase in ischemic stroke/systemic embolism at 5 years
compared with patients with no PDL (9.9% vs 5.1%; P = 0.008). This study is the first to show a correlation between PDL
(although only detected at 1 year) and subsequent adverse ischemic events.

A similar view was shared in the 5-year follow-up study[12]. Compared with the no-PDL group, a 45-d TEE showing
PDL <5 mm was not associated with an increased risk of ischemic stroke or systemic embolism (9.2% vs 6.6%; P = 0.141),
cardiovascular or unexplained death (8.8% vs 10.3%; P = 0.547), or all-cause death (18.5% vs 21.5%; P = 0.350). However, 1-
year TEE showing PDL < 5 mm was associated with an increased risk of subsequent ischemic stroke or systemic
embolism (9.9% vs 5.1%) with an unadjusted HR of 1.92 (95% confidence interval: 1.14-3.25; P = 0.0149), but 1-year TEE
showed that PDL <5 mm was not associated with an increase in cardiovascular or unexplained death (10.1% vs 8.6%; P =
0.382) or all-cause mortality (16.2% vs 18.3%; P = 0.515).

A prospective observational registry study enrolled 1047 patients and classified PDL as < 1 mm, 1-3 mm, and > 3 mm
[18]. After a mean follow-up period of 13 mo, the incidence of PDL at all levels was found to be 4.3%, 5.4% and 1.9%,
respectively. There were nine strokes (0.9%) and nine transient ischemic attack (0.9%) during follow-up, which was not
related to different grades of PDL.
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Although the conclusions on the prognostic impact of PDL are mixed, the current findings favor that PDL can increase
the risk of ischemic stroke or systemic embolism, especially in severe (= 5 mm) PDL.

CURRENT TREATMENT FOR PDL

PDL of more than 5 mm detected after LAAC will be considered a failure of occlusion, and TEE or CCTA are important
follow-up tools to assess the PDL. Current treatment options for PDL include anticoagulation, spring-ring embolization,
and radiofrequency ablation.

A study from the United States treated PDL by releasing a spring coil into the LAA[18]. The study included 30 patients
with PDL after LAAC, of whom 10 patients (33.3%) had severe PDL (= 5 mm) and 20 patients (66.7%) had moderate PDL
(3-4 mm). The immediate procedural success rate was 100%, and immediate angiographic and TEE results showed
complete occlusion in 25 patients (83.3%), very mild PDL (1-2 mm) in 3 patients (10.0%), and partial occlusion with
moderate PDL (3-4 mm) in 2 patients (6.7%). All patients underwent follow-up TEE after a median of 52 d (43-90 d). The
majority of patients [n = 23 (76.7%)] showed complete occlusion, except for 2 patients (6.6%) with minor PDL (1-2 mm)
and 5 patients (16.7%) with moderate PDL (3-4 mm), where spring coil placement resulted in a mean reduction in leak
size of 86.3% (P < 0.001). This study provided a new means of treating PDL.

Another study shed light on the effectiveness of radiofrequency ablation for PDL management[19]. This study included
43 patients (PDL = 4 mm) who underwent radiofrequency ablation of atrial tissue at the site of the PDL, and TEE was
performed 48 + 12 d after the procedure. The study found that 23 patients (53.5%) had complete occlusion of the LAA, 15
patients (34.9%) had mild or very mild (1-2 mm) PDL, and 5 patients (11.6%) had moderate (3-4 mm) PDL. The long-term
success rate was 88.4% (n = 38). This study suggested that radiofrequency ablation may be effective in the treatment of
PDL.

However, anticoagulation is still used clinically as the primary solution to treat large PDL. Although the small-sample
study mentioned above has provided a new insight into the treatment of PDL, a large-scale clinical study is still needed to
validate the results.

CONCLUSION

Since PDL after LAAC is not uncommon, it should be taken seriously by clinicians through achieving complete occlusion
in LAA as much as possible. Both TEE and CCTA are powerful tools to assess PDLs after LAAC, with CCTA being more
sensitive. With longer follow-up and larger sample sizes, it has been found that PDL may increase the risk of
thromboembolic events, even though the overall incidence is low. Management of PDL includes anticoagulation, spring-
ring embolization, and radiofrequency ablation, but further studies are needed to validate their safety and efficacy.
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Abstract

BACKGROUND
Closed reduction and internal fixation with intramedullary nails has been widely
accepted for treating intertrochanteric fractures.

AIM

To focus on how to avoid displacement of the lesser trochanter in unstable in-
tertrochanteric fractures.

METHODS

We developed a lesser trochanteric reduction fixator for treating intertrochanteric
fractures through fixing the lesser trochanter by combining the loop plate through
the fixator after reduction by the reducer. Five patients with intertrochanteric
fractures treated with the newly developed lesser trochanteric reduction fixator
and loop plate combined with intramedullary nails, and 20 patients with in-
tertrochanteric fractures treated with simple intramedullary nails were selected
from December 2020 to March 2021.

RESULTS

The postoperative Harris hip score was significantly higher in patients treated
with the lesser trochanteric reduction fixator than in patients treated without the
lesser trochanteric reduction fixator, which indicated that this lesser trochanteric
reduction fixator had a positive impact on rehabilitation of the hip joint after
surgery and could significantly improve the quality of life of patients.

CONCLUSION

We fully realize the significance of trochanteric reduction and fixation, namely,
reconstruction of structures under pressure, in the treatment of intertrochanteric
fractures. As long as the general condition of patients is favorable and they are
willing to undergo surgery, fixation of the main fracture end should be performed
and the lesser trochanter should be reduced and fixed at the same time.
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Core Tip: After reliable reduction and fixation, a newly developed lesser trochanteric reduction fixator can be introduced into
the loop plate through the customized holes, and the loop plate can pass through the muscle space of the lesser trochanter,
which can achieve the reduction and fixation of the lesser trochanter. This fixator can improve the quality of reducing the
lesser trochanter, and the loop plate can achieve elastic fixation. There is no risk of nail breakage caused by nail fixation.
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INTRODUCTION

As the population ages, an increase in the incidence of low-energy injuries, such as intertrochanteric fractures induced by
trauma-related osteoporosis, has been reported. Based on the Evans classification system, an intertrochanteric fracture can
be categorized into the following five types[1]: (1) Type I: Syn-intertrochanteric fractures; non-displaced, stable fractures
that account for 11.1% of all intertrochanteric fractures; (2) Type II: Lesser trochanteric fractures, showing mild
displacement and stable reduction; stable fractures that account for 17.4% of all intertrochanteric fractures; (3) Type III:
Lesser trochanteric comminuted fractures, with the absence of stable reduction; unstable fractures that account for 45.1%
of all intertrochanteric fractures; (4) Type IV: Type III combined with greater trochanteric fractures; unstable fractures that
account for 20.1% of all intertrochanteric fractures; and (5) Type V: Reverse intertrochanteric fractures, showing a
tendency for displacement due to traction of the adductor; unstable fractures which account for 6.3% of all inter-
trochanteric fractures. Closed reduction and internal fixation using intramedullary nails has been widely accepted for
treating intertrochanteric fractures with established efficacy in clinical practice. However, there may be a lack of medial
support structure in patients with types II and III intertrochanteric fractures combined with lesser trochanteric fractures.
Meanwhile, the iliopsoas muscle and psoas major muscle attach to the lesser trochanter. In the short term, an unfixed
lesser trochanter will affect the hip flexion function, and in the long term, it can cause coxa vara. A tendency for coxa vara
has been reported after intramedullary fixation of the femur. There are clinical case reports of postoperative nail breakage
caused by lateral stress concentration and fracture nonunion or delayed union caused by a bone defect in the medial wall.
Currently, it is thought that these cases are related to the local defect caused by displacement of lesser trochanteric
fracture fragments. Therefore, in this study, we aimed to focus on exploring an approach that can avoid lesser trochanter
displacement in unstable intertrochanteric fractures, reduce the lesser trochanter during surgery, support the medial wall
of the proximal femur, and avoid the development of complications.

MATERIALS AND METHODS

Newly developed lesser trochanteric reduction fixator
After consulting the relevant literature and conducting explorations in clinical practice, we developed a lesser
trochanteric reduction fixator for treating intertrochanteric fractures through fixing the lesser trochanter by combining the
loop plate through the fixator after reduction by the reducer (Figure 1A and B).

We have applied for a patent for the lesser trochanteric reduction fixator for intertrochanteric fractures to the China
National Intellectual Property Administration (No. 202122899022 .4).

General patient data

Five patients with intertrochanteric fractures treated with the newly developed lesser trochanteric reduction fixator and
loop plate combined with intramedullary nails, and 20 patients with intertrochanteric fractures treated with simple
intramedullary nails were selected from December 2020 to March 2021 for a 6-mo follow-up comparison.

Treatment methods
Preoperative preparation: Before surgery, all patients underwent complete routine auxiliary examinations. Data
collection, measurement, and classification of X-ray and computed tomography imaging of the hip joint were performed.
Besides, the diagnosis and treatment of patients complicated with internal medicine diseases were also conducted
whenever necessary.
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Figure 1 Computer aided design of the newly developed lesser trochanteric reduction fixator. A: Structural schematic diagram of the novel lesser
trochanteric reduction fixator for the treatment of intertrochanteric fractures; B: Structural schematic diagram of the handle and connecting rod. 1: Retractor; 2:
Grasping rod; 3: Movable pusher; 4: Locating rivet; 5: Movable nut; 6: Drill sleeve; 7: Movable sleeve; 8: Steel ball; 9: Spring; 10: Locking sleeve; 11: Connecting rod;
12: Rivet; 13: Inner core; 14: Handle.

Surgical methods: Surgery was performed under general anesthesia. The patient was placed in a supine position. After
being anesthetized, the patient was placed on an orthopedic traction bed. Manual traction reduction was performed,
followed by fluoroscopy under a C-arm machine. After at least two qualified doctors confirmed that reduction was
achieved, routine disinfection and draping were performed. An opening of about 4-5 cm was made on the proximal
femur, and the lesser trochanteric reduction fixator was placed to reduce the lesser trochanter and maintain the fixed state
(Figure 2). Proximal femoral nail-anti-rotation Asia II or integrated cephalomedullary nail placement was completed by
routine opening at fixed points of the femur. The lesser trochanteric reduction fixator was introduced into the loop plate
through a guiding hole. Subsequently, the button end of the loop plate was placed at the apex of the lesser trochanter and
was tightened. Then, the newly developed lesser trochanteric reduction fixator was gradually loosened to observe
whether there was any displacement of the lesser trochanter. After the position was stable, the loop plate was fixed to
complete the surgery.

Postoperative treatment: After surgery, antibiotics were administered as per the requirements, and anticoagulants were
administered as appropriate based on venous thromboembolism scores. Physiatrists guided the patients to conduct
passive movement 6-8 h after surgery, and to actively move the knee joint and conduct quadriceps femoris function
exercise 24 h after surgery. From four weeks after surgery, patients walked with a partial weight-bearing walking aid
with the permission of the attending physician, who judged the timing to walk with full weight-bearing according to the
postoperative image data.

Statistical analysis
IBM SPSS 26 was used for data analyses. An independent samples f-test was used for comparison of means between
groups. A P value of < 0.05 was considered statistically significant.

RESULTS
Patient grouping

The patients were divided into either an experimental group or a control group. The experimental group comprised five
patients (two males and three females; age range, 51-70 years, with an average age of 60.2 years) who experienced
intertrochanteric fractures and were treated using the lesser trochanteric reduction fixator, loop plates, and intra-
medullary nails. These five cases included three cases with the left side affected and two cases with the right side affected.

The control group comprised 20 patients (4 males and 16 females; age range, 51-95 years, with an average age of 83.9
years) who experienced intertrochanteric fractures and were treated using simple intramedullary nails. These 20 cases
included 13 cases with the left side affected and 7 cases with the right side affected.

Patient characteristics

Bone mineral density, age, fracture type, preoperative duration, operative duration, intraoperative blood loss, hospital
stay, Harris hip score[2], and proximal incision length were compared between patients who were treated with and
without the lesser trochanteric reduction fixator.

No significant difference was noted in age, fracture type, bone mineral density, preoperative duration, operative
duration, or hospital stay between the two groups (P > 0.05). The postoperative Harris hip score in patients who were
treated with the lesser trochanteric reduction fixator was significantly higher than that in patients who were treated
without the lesser trochanteric reduction fixator (P < 0.05), which suggested that the lesser trochanteric reduction fixator
had a positive impact on rehabilitation of the hip joint after surgery and could significantly enhance the quality of life of
patients. In addition, the proximal incision in patients who were treated with the lesser trochanteric reduction fixator was
larger than that in patients who were treated without the lesser trochanteric reduction fixator (P < 0.05). However, no
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Figure 2 Example diagram of the novel lesser trochanteric reduction fixator for treatment of intertrochanteric fractures. A: Simulation of
fixed position of a fixator; B: Simulation of a loop plate through the guiding hole; C: Imaging data of surgical internal fixation.

significant difference was noted in the intraoperative blood loss between the two groups (P > 0.05) (Table 1).

DISCUSSION

From the perspective of mechanics, the biomechanical structure of the proximal femur is similar to that of a truss, and the
calcar femorale receives support from the bony trabeculae in the posterior medial cortex of the upper femur, which is
mainly the trochanter. The calcar femorale, the upper part of the femur, and three bundles of bony trabeculae form a
reasonable weight-bearing system. From the biomechanical perspective, this system is the most important part to resist
buckling and varus stress.

A defect in the lesser trochanter significantly compromises the biomechanical properties of the upper part of the femur.
Biomechanical experiments have shown that defects in the lesser trochanter and extensive defects in the femur could
induce obvious stress concentration in the upper part of the femur, increase the load strain and load displacement of the
femoral head, reduce the stiffness of the femur, and impair the torsional strength and stiffness, which could decrease the
mechanical performance of the femur significantly to resist external load and torsion. Severe torsional instability and
failure of anti-deformation ability may cause hip instability. Defects in the lesser trochanter and extensive defects in the
femur could induce femoral stress concentration. The strength could increase by 31% and 37%, respectively; femoral
stiffness could decrease by 29% and 51%, respectively; and torsional strength of the femur could decrease by 33% and
54%, respectively. After fixing the lesser trochanter, stress concentration could decrease by 25% and 28%, respectively;
stiffness could increase by 20% and 31%, respectively; and torsional strength could increase by 23% and 29%,
respectively. Thus, significant restoration of the mechanical properties could be achieved.

Chen ef al[3] conducted a mechanical analysis and test of type III fractures. The results showed that the average
maximum load on the upper part of the femur was increased by 57% after anatomical reduction and fixation of a larger
posterior medial bone block; however, the increase in the average maximum load on the upper part of the femur was 17%
after anatomical reduction and fixation of a smaller posterior medial bone block. Therefore, reduction and fixation of the
lesser trochanter is the key to mechanical stability of fractures. Domingo et al[4] simulated the femoral head under vertical
compression by performing relevant experimental analysis. Besides, they measured the change in the force on the medial
side of the lesser trochanter. Results showed that tensile stress on the medial side of the femoral head was obviously
increased, and it reached 60% after the lesser trochanter was obviously displaced or defective. Therefore, they stated that
displacement of the lesser trochanter could have a significant impact on surgical efficacy. Liu et al[5] suggested that the
lesser trochanter is located under the calcar femorale, which is the medial cortex extending downwards from the femoral
neck to the lesser trochanter. Its main function comprised ensuring that the local composition could bear a higher
pressure and could transmit the force evenly to the medial femur. If the fracture affected the lesser trochanter or calcar
femorale, displacement of local fracture blocks could occur, which may cause disruption of the normal physiological
structure of the medial side, thus inducing coxa vara after surgery. Park et al[6] believed that if there was a defect in the
lesser trochanter, the contralateral tension could significantly increase. In case of type II intertrochanteric fractures with
lesser trochanteric defects, the contralateral tension could increase by 60%, and in case of type IV intertrochanteric
fractures with lesser trochanteric defects, the contralateral tension could increase by 370%. Therefore, there may be an
increase in the risk of fracture displacement, internal fixation loosening, rupture, femoral head cutting, and coxa vara as a
result of only using internal fixation materials to maintain the weight load.

Reduction of the lesser trochanter is one of the most important key factors affecting fracture healing. Currently, many
scholars believe that performing reduction of the lesser trochanter and restoring its anatomical function and shape are an
optimal option.

Reduction of the lesser trochanter and reconstruction of calcar femorale are important for the treatment of
intertrochanteric fractures. If reduction of the lesser trochanter is achieved by extensive soft tissue stripping, there will be
disruption of the local blood supply to a certain extent, which would increase the fracture healing time. Although damage
to the local blood supply will be reduced if the intertrochanteric fracture is fixed with a steel wire, the steel wire will
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Table 1 Comparison of characteristics of patients treated with and without the lesser trochanteric reduction fixator

Simple intramedullary nails Lesser trochanteric reduction fixators P value

Sex

Male 4 3

Female 16 2
Age (yr) 83.95 +9.539 60.2 +7.463 0.066
Fracture location

Left 13 3

Right 7 2
Bone mineral density -1.635 +£1.214 -1.6+1.474 0.956
Preoperative duration (d) 3.6+2.414 2.6 +0.894 0.378
Operation method

interTAN 6 5

PENA 14 0
Operative duration (min) 43.95 +17.251 69.4 +37.031 0.202
Intraoperative blood loss (mL) 81.5 + 81.517 160 + 54.772 0.055
Hospital stay (d) 12.85 +7.050 11.2+3.768 0.622
Harris hip score 86.865 + 5.653 91.94 £ 2.639 0.011
Proximal incision length (cm) 4.925+0.293 6 +0.3536 0.000

interTAN: Integrated cephalomedullary nail; PENA: Proximal femoral nail-anti-rotation Asia.

affect the growth of the callus and the stability will not be favorable[7-8]. If the intertrochanteric fracture is fixed with the
newly developed lesser trochanteric reduction fixator combined with loop plates, damage to the blood supply will be
avoided and reliable fixation will also be achieved, which will not hamper the growth of the callus and can provide
certain biological tension for elastic fixation.

There are some advantages of the newly developed lesser trochanteric reduction fixator: (1) After reliable reduction
and fixation, the fixator can be introduced into the loop plate through customized holes, and the loop plate can pass
through the muscle space of the lesser trochanter, which can achieve reduction and fixation of the lesser trochanter; (2)
This fixator can improve the quality of reduction of the lesser trochanter, and the loop plate can achieve elastic fixation;
and (3) The risk of nail breakage caused by nail fixation is minimized.

CONCLUSION

We fully realize the significance of trochanteric reduction and fixation, namely, reconstruction of structures under
pressure, in the treatment of intertrochanteric fractures. As long as the general condition of patients is favorable and they
are willing to undergo surgery, fixation should be carried out at the main fracture end and the lesser trochanter should be
reduced and fixed at the same time. Some foreign scholars have proposed another method for performing nail fixation
through a medial incision. However, as a medial incision causes greater trauma, we advocate that the lateral intra-
medullary nail incision should be appropriately lengthened and the soft tissue should be properly stripped from the
anterior and posterior aspects of the greater trochanter, followed by placement of the newly developed lesser trochanteric
reduction fixator.

ARTICLE HIGHLIGHTS

Research background

We invented a new device for better treatment of femoral intertrochanteric fractures. During the treatment of
intertrochanteric fractures, we fully realize the significance of trochanteric reduction and fixation, namely, reconstruction
of structures under pressure.
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Research motivation

As long as the general condition of patients is suitable and they are willing to undergo surgery, fixation should be carried
out at the main fracture end and the lesser trochanter should be reduced and fixed at the same time. Some foreign
scholars have proposed another method for performing nail fixation through a medial incision. However, as a medial
incision causes larger trauma, we advocate that the lateral intramedullary nail incision shall be appropriately lengthened
and the soft tissue shall be properly stripped from the anterior and posterior aspects of the greater trochanter, followed
by placement of the newly developed lesser trochanteric reduction fixator.

Research objectives
We aimed to focus on how to avoid displacement of the lesser trochanter in unstable intertrochanteric fractures.

Research methods
IBM SPSS 26 was used for data analyses. An independent samples f-test was used for comparison of means between
groups. A P value of < 0.05 was considered statistically significant.

Research results

The postoperative Harris hip score in patients who were treated with the lesser trochanteric reduction fixator was
significantly higher than that in patients who were treated without the lesser trochanteric reduction fixator (P < 0.05),
which indicated that the lesser trochanteric reduction fixator had a positive impact on rehabilitation of the hip joint after
surgery and could significantly improve the quality of life of patients. In addition, the proximal incision in patients who
were treated with the lesser trochanteric reduction fixator was larger than that in patients who were treated without the
lesser trochanteric reduction fixator (P < 0.05).

Research conclusions

We fully realize the significance of trochanteric reduction and fixation, namely, reconstruction of structures under
pressure, in the treatment of intertrochanteric fractures. As long as the general condition of patients is favorable and they
are willing to undergo surgery, fixation should be carried out at the main fracture end and the lesser trochanter should be
reduced and fixed at the same time. Some foreign scholars have proposed another method for performing nail fixation
through a medial incision. However, as a medial incision causes greater trauma, we advocate that the lateral intra-
medullary nail incision should be appropriately lengthened and the soft tissue should be properly stripped from the
anterior and posterior aspects of the greater trochanter, followed by placement of the newly developed lesser trochanteric
reduction fixator.

Research perspectives

This newly developed lesser trochanteric reduction fixator has some advantages: (1) After reliable reduction and fixation,
this fixator can be introduced into the loop plate through the customized holes, and the loop plate can pass through the
muscle space of the lesser trochanter, which can achieve reduction and fixation of the lesser trochanter; and (2) This
fixator can improve the quality of reduction of the lesser trochanter, and the loop plate can achieve elastic fixation. There
is no risk of nail breakage caused by nail fixation.
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Abstract

BACKGROUND

Young and middle-aged cancer patients in intensive care unit (ICU) often suffer
from stress and pressure, causing huge physical and mental damage. Currently,
there is few research on post-traumatic stress disorder (PTSD) among young and
middle-aged cancer patients in ICU in China, and the psychological status of
patients who have experienced both cancer development and ICU stay is still
unclear.

AIM

To explore the risk factors for PTSD in young and middle-aged patients with
cancer in ICU.

METHODS

Using convenient sampling method, we enrolled 150 young and middle-aged
patients with cancer who were admitted to the ICU of our center during the
period from July to December 2020. The general data of the patients and PTSD-
related indicators were collected. The Impact of Event Scale-Revised (IES-R) was
used for assessing PTSD one month after the discharge from the ICU. Binary
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Logistic regression analysis was performed to assess the independent risk factors for PTSD in these patients.

RESULTS

Among these 150 patients, 32 (21.33%) were found to be with PTSD. Binary Logistic regression analysis revealed
that factors significantly associated with PTSD among young and middle-aged patients with cancer in ICU
included monthly income (OR = 0.24, P = 0.02), planned transfers (OR = 0.208, P = 0.019), and Acute Physiology
and Chronic Health Evaluation (APACHE II) score (OR = 1.171, P = 0.003).

CONCLUSION
The low monthly income, unplanned transfers, and increased APACHE II score are the risk factors for PTSD in
young and middle-aged patients with cancer in ICU.

Key Words: Post-traumatic stress disorder; Cancer; Intensive care unit; Risk factors

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this study, we investigated and analyzed the incidence of post-traumatic stress disorder (PTSD) and related risk
factors in young and middle-aged cancer patients in intensive care unit. We found that young and middle-aged cancer
patients are prone to suffer from more serious psychological pain and often bear greater psychological burdens, which cause
additional damage to patients' physical and mental health. Therefore, understanding the occurrence and influencing factors
for PTSD is crucial for these patients.

Citation: Chen L, Wang GZ, Chi YY, Zhao J. Risk factors for post-traumatic stress disorder among young and middle-aged cancer
patients in the intensive care unit: A case-control study. World J Clin Cases 2023; 11(25): 5870-5877

URL: https://www.wjgnet.com/2307-8960/full/v11/i25/5870.htm
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INTRODUCTION

Malignant tumors have become major causes of harm to the health the Chinese residents. In 2015, there were approx-
imately 3.93 million new cancer cases across China, with a significant increase in the incidence rate among individuals
aged > 40 years, and with a highest number of cases in those aged 60-64[1]. The diagnosis of a malignant tumor and the
accompanying physical and psychological symptoms bring both physical and mental pain to the patients, which may
ultimately result in post-traumatic stress disorder (PTSD)[2-4]. PTSD is a long-lasting psychiatric disorder that occurs or
is delayed after an individual experiences or witnesses an unusually catastrophic or threatening event[5]. Several studies
[6-8] have shown that tumors have been identified as a source of traumatic stress, and the prevalence of cancer-related
PTSD is estimated to range from 7.3% to 15.3%[9]. As young and middle-aged people play crucial roles in families and
society, once diagnosed with cancer, they often have to face stress from a variety of aspects including illness, family, work
place, and financial burden[10,11]. Research indicates that young and middle-aged cancer patients suffer more serious
emotional pain and often bear greater psychological burden, which leads to increased medical costs[12] and, even worse,
risk of suicide[13]. Evidence has shown that cancer patients in intensive care unit (ICU) have more serious mental
problems such as anxiety, fear, and loneliness, and the prevalence of PTSD among survivors within the first 6 mo after
discharge was 25%[14-16]. Unfortunately, few literatures in China have described PTSD in young and middle-aged
patients who have experienced both malignancy development and ICU admission. Here we investigated the occurrence
of PTSD and its relevant risk factors in young and middle-aged cancer patients in the ICU, in an attempt to provide new
evidence for the development of effective prevention and treatment strategies.

MATERIALS AND METHODS
Study design and setting

A case-control study was conducted from July 2020 to December 2020, at the Department of Intensive Care Unit of Tianjin
Medical University Cancer Institute and Hospital.

Subjects

Using convenient sampling method, we enrolled young and middle-aged patients with cancer who were admitted to the
ICU of our center. The inclusion criteria were: (1) Aged 18-65 years; (2) with a diagnosis of cancer confirmed by clinical,
imaging, and pathological examinations; (3) with the ability to communicate; and (4) signed informed consent documents
and participated in the study voluntarily. The exclusion criteria were: (1) Patients with severe mental illness or cognitive
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impairment; (2) those with drop-out, withdrawal, or loss to the follow-up; and (3) recent sufferings from other major life
events or traumatic events.

Determination of sample size

Kendall’s statistic[17] was applied for sample size estimation in this observational study. The sample size was set to be 5-
10 times greater than the number of variables. Since patients might fail to respond to the survey or get lost during follow-
up, an additional 20% of the sample size was added. Thus, the final sample size of this study was determined to be 167
cases.

Research tools
General information questionnaire: This self-designed questionnaire covers data including patients' age, gender, marital
status, education level, disease diagnosed, disease treatments, and psychosocial factors.

Impact of Event Scale-Revised: The Impact of Event Scale —Revised (IES-R) was developed by Weiss and Marmar in
1997 based on the DSM-IV (Diagnostic and Statistical Manual of Mental Disorders, 4th edition) criteria and the
Horowitz's Impact of Event Scale (IES)[18]. It is mostly used to assess the symptoms and severity of PTSD in survivors
after critical care[13]. Bienvenu et al[19]. Validated the performance of IES-R and concluded that IES-R was a useful tool in
detecting PTSD symptoms in patients discharged from the ICU. The Chinese version of the IES-R was revised by Guo et al
[20], and has a Cronbach's a coefficient of 0.89. This 22-item scale is divided into three dimensions including intrusion,
avoidance, and hyperarousal. For each item, participants respond on a 5-point Likert scale ranging from point 0 “Never”
to point 4 “Always”, and a higher score indicates more severe PTSD symptoms. It has a cut-off score of 33: A total score of
> 33 denotes positive PTSD symptoms, whereas a total score of < 33 indicates negative PTSD symptoms[21].

Data collection

According to the literature review[9], a diagnosis of PTSD can be made if the relevant symptoms last more than one
month. In the present study, patients who met the inclusion criteria were surveyed by the investigators via telephone one
month after ICU discharge. The surveys typically lasted 10-15 min. All the investigators had passed China’s national
counselor level-3 examination and had certain clinical experience and good communication skills. Researchers collected
general information about patients from the Hospital Information System and established good patient-consultant
relationships during the patient's stay in the ICU. The surveys were conducted after informing the patients of the purpose
and values of this survey and obtaining their content. Double data entry was applied to ensure the quality of the
responses.

Statistical analysis

All the statistical analyses were performed using the SPSS 19.0 software package (IBM Corporation, Somers, NY, United
States). All tests were two-sided, and a P value of < 0.05 was considered statistically significant. The measurement data
are expressed as mean + standard deviation (mean + SD) or medians/quartiles. The independent ¢ test for two samples
was used for the comparisons of normally distributed measurement data, and the rank sum test was used for non-
normally distributed ones. Count data are described by frequency and rate, and intergroup comparisons were performed
by chi-square test or Fisher's exact test. Risk factors for PTSD in young and middle-aged cancer patients in the ICU were
firstly screened using univariate analysis, and then the significant variables were included in a binary Logistic regression
model for further analysis. The forest plots were created using GraphPad Prism 8.0 software (GraphPad Software Inc.,
San Diego, CA, United States).

RESULTS

Subjects enrolled

A total of 169 patients were included in this study, among whom 150 patients entered the final analysis. Nineteen patients
were ruled out due to the following reasons: loss to telephone follow-up (n = 6); died after discharge (1 = 6); lost after
transfer to other hospitals (1 = 4); and withdrew voluntarily during the study period (n = 3).

Univariate analysis of PTSD and its risk factors in young and middle-aged cancer patients in the ICU 1 mo after

discharge from ICU

PTSD occurred in 32 of the 150 included patients, yielding an incidence rate of 21.33%, which was consistent with the
results reported in a previous study[22]. Nine influencing factors were statistically significant: gender, monthly income,
use of analgesics, physical restraint, APACHEII score, family burden, unplanned transfers, tracheal intubation, and
duration of ICU admission (Table 1).

Multivariate Logistic regression analysis of risk factors for PTSD in young and middle-aged cancer patients in the ICU

With the occurrence of PTSD as the dependent variable, the factors that were statistically significant in the univariate
analysis were assigned as independent variables. An unconditional binary multivariate Logistic regression analysis was
performed, as shown in Table 2.
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Table 1 Univariate analysis of independent variables between post-traumatic stress disorder (PTSD)-positive and PTSD-negative

patients

Patient information PTSD-positive group PTSD-negative group ) ar4 P value

Gender Males 11 64 3.972° 0.046
Females 21 54

Age (yr) 58 (53.25, 61) 59 (54, 62) -1.306" 0.192

Marital status Unmarried 1 31 0.213°
Married 0 118

Place of residence Rural 11 39 0.153" 0.927
Suburban 4 18
Urban 17 61

Education level Elementary school and below 4 21 0.554" 0.799
Middle or high school 17 61
College and above 11 36

Monthly income <3000 yuan 0 9 7.537¢ 0.024
3000-6000 yuan 14 71
> 6000 yuan 18 38

History of trauma Yes 6 29 0.478" 0.639
None 26 89

Hypertension Yes 10 44 0.398" 0.544
None 22 74

Diabetes Yes 7 20 0.414" 0.604
None 25 98

Smoking 16 41 2.486° 0.15
Yes
None 16 77

Alcohol consumption Yes 12 25 3.605° 0.067
None 20 93

Fertility With children 29 116 0.065°
Without children 3 2

Use of sedatives Yes 29 98 0.41°
None 3 20

Use of analgesics Yes 28 67 10.23* 0.002
None 4 51

Physical restraint Yes 23 42 13.495% <0.001
None 9 76

Sputum suctioning Yes 18 45 3.391° 0.073
None 14 73

Use of glucocorticoids Yes 3 29 3.466" 0.087
None 29 89

APACHE II score 16.5 (13.25, 21) 9 (6.75, 14) -5.38" <0.001

Family burden Yes 25 67 4.836" 0.04
None 7 51
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Family breadwinner Yes 6 13 0.243°
No 26 105

Planned transfers Yes 6 72 18.018" <0.001
No 26 46

Tracheal intubation Yes 24 64 4.475" 0.043
No 8 54

Length of ICU stay 147 (115.375, 205.25) 67 -5.366" <0.001

(42.875,114.25)

AChi-square test.
bZ value.
‘Fisher's exact test. APACHE II: Acute Physiology and Chronic Health Evaluation; ICU: Intensive care unit; PTSD: Post-traumatic stress disorder.

Table 2 Value assignment for factors potentially related to post-traumatic stress disorder

Factors Variables Assignment methods

Occurrence of PTSD Y PTSD-negative = 0, PTSD-positive = 1
Gender X Male = 0, Female = 1

Monthly income, X, <3000 = 0, 3000 - 6000 =1, > 6000 = 2
Use of analgesics X5 No=0,Yes=1

Physical restraint X, No =0, Yes=1

APACHE II score X5 Actual measurement value

Family burden X No=0,Yes=1

Planned transfers X, No=0,Yes=1

Tracheal intubation Xg No=0,Yes=1

Length of ICU stay Xg Actual measurement value

APACHE II: Acute Physiology and Chronic Health Evaluation; ICU: Intensive care unit; PTSD: Post-traumatic stress disorder.

Binary Logistic regression analysis showed that monthly income, APACHEII score, and planned transfers were risk
factors for PTSD in young and middle-aged cancer patients in the ICU. Hosmer-Lemeshow test for the PTSD risks in the
ICU patients showed a P value of 0.265, suggesting that the binary Logistic regression model established in the present
study fit well with the real-world data and could reliably reflect the relationship among the variables (Figure 1).

DISCUSSION

In the present study, patients with an unplanned transfer to the ICU were those who experienced unexpected acute
deterioration of their condition during the treatment process. As shown by Logistic regression analysis, the incidence of
PTSD in the planned transfer subgroup was 0.208 times that of the incidence in the unplanned transfer subgroup,
suggesting that PTSD is more likely to occur after unplanned transfers. It may be explained that the planned ICU patients
have been informed about their admissions in advance and therefore have milder stress response. Evidence shows that
patients who were unfamiliar with their surroundings and had more fear memories, also had higher PTSD scores[23]. In
the present study, patients in the unplanned transfer subgroup felt lonely and panic when they suddenly came to an
unfamiliar environment and were not accompanied by their families; meanwhile, the individual psychological response
to ICU admission due to disease deterioration can also aggravate their PTSD symptoms. Therefore, adequate psycho-
logical care should be offered to unplanned ICU patients to alleviate their anxiety.

Young and middle-aged adults are in the prime of their lives, and they are often the primary breadwinners of their
families. In our present study, regression analysis showed that low monthly income was a risk factor for the occurrence of
PTSD in young and middle-aged cancer patients in the ICU, as already suggested by Liu ef al[24]. Treatment expenditure
is a major concern among cancer patients. Young and middle-aged cancer patients with low monthly family income
typically play the most important roles in their families, and the cost of ICU admission is often much higher than that of a
general ward. Thus, the dual economic and psychological pressure can be even more torturous. Patients may feel guilty
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OR (95%CI) Pvalues

Planned transfer

(Reference category: Unplanned transfer) — —a———— - 0.208 (0.056, 0.775) 0.019
Monthly income of ¥6000 and above
(Reference Category: Monthly —— 4] 0.24 (0.072, 0.8) 0.02
income of ¥3000 to ¥6000)

APACHEII score - 1.171 (1.057, 1.298) 0.003

OR values
DOI: 10.12998/wjcc.v11.i25.5870 Copyright ©The Author(s) 2023.

Figure 1 A forest plot based on the Logistic regression analysis of factors associated with the occurrence of post-traumatic stress
disorder. APACHE II: Acute Physiology and Chronic Health Evaluation.

and self-blaming to their family members, and some even lose confidence in the future and request to give up the
treatment; suicidal behaviors may occur[25,26]. These negative emotions make it difficult for patients to adjust their
psychological stress levels, and patients become more susceptible to emotional disorders that can lead to PTSD.
Therefore, it is important to carefully observe the body language and facial expressions of these patients and learn their
innermost thoughts in a timely manner. Efforts should be made to encourage the patients and stop their worries, helping
them to regain confidence in their future life and thus reduce the occurrence of PTSD after discharge.

The APACHEII score is calculated within 24 h after ICU admission and is used to for assess disease severity and
predict treatment outcomes[27]. In the present study, cancer patients in the ICU with higher APACHEII scores were more
likely to have PTSD-positive symptoms, which was consistent with the findings of Ye et al[28]. In fact, patients with
advanced cancer are at higher risk of disease deterioration or even life-threatening events at any time during a specific
treatment process, which will aggravate their anxiety, depression, and other disturbing emotions. Research has shown
that negative emotions such as anxiety and depression were positively correlated with the occurrence of PTSD[29].
Therefore, early interventions targeting the psychological problems of critically ill patients should be offered to reduce
the risk of long-term PTSD[30].

There are some limitations in this study. First, as a single-center study, its findings may not represent the clinical
characteristics of the cancer patients in ICUs at hospitals of different levels in different regions. Second, long-term follow-
up was not carried out due to the limited study period, and some risk factors were not analyzed. Third, limited by the
budget, we followed up our patients only via telephone, and no customized clinical interviews on PTSD diagnosis by
clinical professionals were arranged. In future, we will further screen PTSD patients by this method in multi-center large-
sample studies.

CONCLUSION

PTSD in young and middle-aged cancer patients in the ICU can lead to varying degrees of psychological distress and
mental disorders, which can seriously reduce patients' quality of life after hospital discharge. Without timely diagnosis
and management, these problems can further affect the long-term prognosis of the patients. It was found in our study
that low monthly income, unplanned transfers, and increased APACHE II score were the risk factors for PTSD in young
and middle-aged cancer patients in the ICU. Early identification and effective preventive interventions may help to
reduce the occurrence of PTSD and improve the quality of life in this population.

ARTICLE HIGHLIGHTS

Research background

Young and middle-aged cancer patients in intensive care unit (ICU) often suffer from stress and pressure from many
aspects, causing huge physical and mental damage. Currently, there is few research on post-traumatic stress disorder
(PTSD) among young and middle-aged cancer patients in ICU in China, and the psychological status of patients who
have experienced both cancer development and ICU stay is still unclear.

Research motivation

Few literatures in China have described PTSD in young and middle-aged patients who have experienced both
malignancy development and ICU admission. Here we investigated the occurrence of PTSD and its relevant risk factors
in young and middle-aged cancer patients in the ICU, in an attempt to provide new evidence for the development of
effective prevention and treatment strategies.
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Research objectives
To explore the risk factors for PTSD in young and middle-aged patients with cancer in ICU.

Research methods

Using convenient sampling method, we enrolled 150 young and middle-aged patients with cancer who were admitted to
the ICU of our center during the period from July to December 2020. The general data of the patients and PTSD-related
indicators were collected. The Impact of Event Scale-Revised (IES-R) was used for assessing PTSD one month after the
discharge from the ICU. Binary Logistic regression analysis was performed to assess the independent risk factors for
PTSD in these patients.

Research results

Among these 150 patients, 32 (21.33%) were found to have PTSD. Binary Logistic regression analysis revealed that factors
significantly associated with PTSD among young and middle-aged patients with cancer in ICU included monthly income
(OR =0.24, P = 0.02), planned transfers (OR = 0.208, P = 0.019), and Acute Physiology and Chronic Health Evaluation
(APACHEII) score (OR =1.171, P = 0.003).

Research conclusions

PTSD in young and middle-aged cancer patients in the ICU can lead to varying degrees of psychological distress and
mental disorders, which can seriously reduce patients' quality of life after hospital discharge. Without timely diagnosis
and management, these problems can further affect the long-term prognosis of the patients. It was found in our study
that low monthly income, unplanned transfers, and increased APACHE II score were the risk factors for PTSD in young
and middle-aged cancer patients in the ICU.

Research perspectives

Young and middle-aged cancer patients suffer from more serious psychological pain and often bear greater psychological
burdens, which cause additional damage to patients' physical and mental health. Therefore, understanding the
occurrence and influencing factors of PTSD is crucial for these patients.
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Abstract

BACKGROUND

Acute respiratory distress syndrome precipitates is widespread pulmonary injury
in impacted individuals, the neonatal respiratory distress syndrome (NRDS),
primarily observed in preterm infants, represents a prevalent critical condition in
neonatal clinical settings.

AIM
To investigate the clinical efficacy of various ventilation strategies combined with
pulmonary surfactant (PS) therapy in the treatment of NRDS.

METHODS

A total of 20 neonates diagnosed with respiratory distress syndrome, admitted
between May 2021 and June 2022, were randomly assigned to either a research
group or a control group. Neonates in the research group received treatment
involving high-frequency oscillatory ventilation (HFOV) in conjunction with PS.
In contrast, neonates in the control group were administered either controlled
mechanical ventilation or synchronous intermittent mandatory ventilation,
combined with PS. Arterial blood samples from the neonates in both groups were
collected before treatment, as well as 6 h, 12 h, 24 h, and 48 h post-treatment.
These samples underwent blood gas analysis, with measurements taken for pH
value, partial pressures of oxygen (O,) and carbon dioxide. Concurrently, data
was collected on the duration of ventilator use, length of hospitalization time, O,
treatment time, treatment outcomes, and complications of the ventilator.

RESULTS
From 6-48 h post-treatment, both groups demonstrated significant improvements
in arterial blood pH and oxygen partial pressure, along with a significant decrease
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in carbon dioxide partial pressure compared to pre-treatment values (P < 0.05). Although these changes progressed
over time, there were no significant differences between the two groups (P > 0.05). However, the research group
had significantly lower X-ray scores, shorter hospitalization time, and less time on O, therapy compared to the
control group (P < 0.05). Mortality rates were similar between the two groups (P > 0.05), but the research group had
a significantly lower incidence of complications (P < 0.05).

CONCLUSION
The integration of HFOV combine with PS has proven to effectively expedite the treatment duration, decrease the
occurrence of complications, and secure the therapeutic efficacy in managing NRDS.

Key Words: Neonatal respiratory distress syndrome; Pulmonary surfactant; Mechanical ventilation; Respiratory distress
syndrome; Acute respiratory distress syndrome

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We observed 20 children with respiratory distress syndrome who received different ventilation strategies combined
with pulmonary surfactant (PS) therapy, we divided into two groups: The observation group received high-frequency
oscillatory ventilation (HFOV) combined with PS, and the control group received controlled mechanical ventilation or
synchronous intermittent mandatory ventilation combined with PS. The observed indicators included blood gas analysis pH
value partial pressures of oxygen and carbon dioxide. Our research results showed that the integration of HFOV combine
with PS has proven to effectively expedite the treatment duration, decrease the occurrence of complications, and secure the
therapeutic efficacy in managing neonatal respiratory distress syndrome.

Citation: Qing Q, Zha P, Dai LY, Wang Y. Effect of different ventilation methods combined with pulmonary surfactant on neonatal
acute respiratory distress syndrome. World J Clin Cases 2023; 11(25): 5878-5886

URL: https://www.wjgnet.com/2307-8960/full/v11/i25/5878.htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i25.5878

INTRODUCTION

Acute respiratory distress syndrome (ARDS) precipitates a widespread pulmonary injury in impacted individuals, which
attributable to the damage inflicted on alveolar epithelial cells and capillaries during an excessive efflux of inflammatory
mediators and cells[1-3], is starkly reflected in the loss of pulmonary surfactant (PS). Alarmingly, when ARDS strikes
neonates, it carries a considerable risk of causing neonatal mortality and high disability rates[4]. Key risk factors
encompass selective cesarean section hypoxia, asphyxia, and meconium aspiration. Neonatal respiratory distress
syndrome (NRDS), primarily observed in preterm infants, represents a prevalent critical condition in neonatal clinical
settings. Mechanical ventilation and PS administration emerge as the prevailing treatment strategies for NRDS.

Commonly implemented modes of mechanical ventilation in neonates include[5,6]: Controlled Mechanical Ventilation
(CMV), Synchronous Intermittent Mandatory Ventilation (SIMV), and Non-invasive High-Frequency Positive Pressure
Ventilation (NHFPPV). While CMV and SIMV offer assured therapeutic outcomes, they are intricate, invasive, and
associated with numerous adverse reactions. In contrast, NHFPPV, a non-physiological positive pressure ventilation
approach, is less complex and non-invasive but carries the risk of amplifying lung injury[7]. High-Frequency Oscillatory
Ventilation (HFOV) has been demonstrated to exert a lung-protective effect by leveraging a tidal volume equal to or
smaller than the anatomical dead space for rapid gas exchange[8,9]. Furthermore, exogenous PS replacement therapy has
been promoted and proven efficacious in mitigating NRDS. Presently, respiratory ailments such as NRDS, congenital
diaphragmatic hernia, and meconium aspiration syndrome can be effectively managed with HFOV combined with PS
(HFOV+PS) inhalation therapy in neonates and infants[10,11]. However, additional investigations are required to
elucidate the impacts of the HFOV and PS combination on ARDS[12,13].

The aim of this study is to compare the effectiveness and safety of HFOV+PS with CMV and PS (CMV+PS) in treating
ARDS, thereby offering a foundational guide for the clinical implementation of HFOV in ARDS therapy.

MATERIALS AND METHODS

Population and study criteria

In this study, the research group comprised 35 patients, and the control group also had 35 patients. In the research group,
there were 20 males and 15 females. The gestational ages ranged from 34 to 41 wk, with an average of 37.09 + 1.12 wk.
And the birth weights varied between 2000 g and 4317 g, with an average of 3456.09 + 866.70 g. In the control group, there
were 19 males and 16 females. Here, the gestational ages spanned from 35 to 40 wk, with an average of 37.67 + 1.87 wk
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and the birth weights ranged from 2145 g to 4021 g, with an average of 3170.33 + 767.18 g. Here, the guardians of the
children participated voluntarily in this study.

This study represents a single-center, prospective, randomized controlled trial conducted at a provincial hospital in
China spanning from May 2020 to June 2022. The investigation received approval from our institutional Ethics Committee
and adhered to the principles outlined in the Helsinki Declaration (revised in 2013). Furthermore, written informed
consent was obtained from the parents of all participating subjects. The study population comprised 70 neonates
diagnosed with RDS, who were admitted to our hospital during the study period.

The inclusion criteria included: (1) Diagnosis conforming to the Montreux diagnostic criteria of 2017; and (2) clinical
indications for mechanical ventilation treatment.

Exclusion criteria included congenital malformations of the respiratory tract, congenital heart disease, and intrauterine
infectious pneumonia.

Sample size estimation

Utilizing the two independent sample r test sample size estimation module of PASS 15.0 software, with set parameters of
a = 0.05 and B = 0.10, and assuming equal sample sizes, we referred to the expression levels of vascular endothelial
growth factor, soluble receptor for advanced glycation endproducts, surfactant protein-D, and Ang-2 in research group
and control group. Based on these calculations, the required sample size for this study was determined to be 30 subjects, n
=15 for each group. However, due to missed visits or incomplete data during the study, the final sample included 11
subjects in the research group and 9 in the control group.

Respiratory management

PS (Calf Pulmonary Surfactant for Injection, CR Shuanghe Keli Su, China) was administered via intratracheal injection.
All infants received a single dosage of 100 mg/kg within 6 h of ARDS diagnosis. Prior to administration, airway
secretions were suctioned, and measures were taken to stabilize circulation and correct acid-base imbalances. Following
PS injection, rapid ventilation under pressure was applied for 1 minute, after which the infants were connected to a
ventilator to maintain either HFOV/CMYV or SIMV ventilation.

In the research group, 35 patients received routine endotracheal intubation (Babylog, VN500; Drager, Germany)
coupled with HFOV and PS (100 mg/kg). The PS was re-administered, up to 4 times, if hypoxemia persisted beyond 12 h.
Initial ventilator settings were as follows.

Here, frequency set between 812 Hz and inhalation-exhalation ratio at 1:1. Mean airway pressure (MAP) initiated at 10-
15 em H,O, gradually increased by 1 cm H,O every 2 to 3 minutes until oxygenation ceased to improve. Thereafter, MAP
was incrementally reduced by 1-2 cm H,O every 2 to 3 minutes until Transcutaneous Oxygen Saturation (TcSaO,)
decreased, subsequently increasing MAP by 1-2 cm H,O from this point. The initial setting for amplitude was 30-40 cm H,
O. The right diaphragm was maintained at the ninth rib level following an hour of mechanical ventilation, using chest
radiographs to ascertain optimal lung function. Parameters were adjusted in accordance with the dynamic monitoring
results of blood gas analysis. PS was injected into the endotracheal tube after at least 10 minutes of continuous ventilation.
Throughout the treatment, variations in heart rate, respiration, blood pressure, and oxygen saturation (SaO,) were
meticulously observed. If apnea, a drop in SaO,, or heart rate was observed, the PS injection was halted and oxygen was
promptly administered until the infant's condition stabilized. Following PS administration, mechanical ventilation was
continued with ventilator settings adjusted in line with SaO, findings, blood gas analyses, and chest radiography. The
infant was extubated when the following conditions were met: hemodynamic stability, MAP of 8 cm H,O, Fraction of
Inspired Oxygen (FiO,) of 40%, and weaning from sedation. Before extubation, the infant was put on conventional
ventilation. Post weaning, nasal continuous positive airway pressure (NCPAP) was administered.

In the control group, 35 patients received standard endotracheal intubation coupled with CMV using a Stephanie
ventilator (Fritz Stephan GmbH, Gackenbach, Germany), and PS (100 mg/kg). If hypoxemia lasted beyond 12 h, PS was
re-administered, up to 4 times. Initial parameters were set as follows.

FiO,: 30%-50%. Peak inspiratory pressure: 18-25cm H,O. Positive end-expiratory pressure: 4-6 cm H,O, I/E: 1:1.5.
Respiratory Rate (RR): 30-40 breaths/min. The ventilator parameters were adjusted in line with SaO, results, arterial
blood gas (ABG) analysis, and chest radiographs. Post weaning, NCPAP was administered.

Peripheral venous blood was drawn from the children in both groups at the following intervals: before treatment, 6 h
post-treatment, 12 h post-treatment, 24 h post-treatment, and 48 h post-treatment. Blood gas analysis was performed, and
pH, blood oxygen partial pressure (Pa0O,), and PaCO, were recorded. The duration of key treatment components,
including ventilation, hospitalization time and O, treatment time were noted. Moreover, treatment outcomes and
complications were tracked and documented.

Statistical analysis
The data were analyzed using the 25.0 version of SPSS software for Windows (IBM SPSS Inc., Chicago, IL, United States).
The measurement data are expressed as mean * standard deviation, and the analysis of variance and t-test are used. The

counting data was expressed in percentage (%), and perform y* test the difference was statistically significant with P <
0.05.
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RESULTS

Baseline information
As is shown in Table 1, there was no statistically significant differences were observed in the baseline data between the
two groups (P > 0.05), indicating that they were comparable.

Comparison of pH, blood Pa0,, and PaCO, at different time points between the two groups

In this study, there was no significant difference was observed between the two groups before treatment (P > 0.05). As is
shown in Figure 1, following treatment, both the arterial blood pH and blood PaO, significantly increased compared to
their pre-treatment levels, while the PaCO, significantly decreased. The oxygen deficiency index (OI) was lower post-
treatment, and the oxygenation index (PaO,/FiO,) was notably higher than the pre-treatment values (P < 0.05). As
treatment duration increased, the arterial blood pH, PaO,, and PaO,/FiO, in both groups showed significant increases,
while PaCO, and OI demonstrated significant decreases. However, no significant differences were noted between the two
groups in terms of arterial blood pH, blood PaO,, and PaCO, at different post-treatment time points (P > 0.05).

Comparison of ventilator use, treatment time and O, treatment time between the two groups
The duration of ventilator use, hospitalization and O, therapy in the research group were significantly shorter than those
in the control group (P < 0.05), as shown in Table 2.

Comparison of curative effect between two groups of children
The cure rate of children in the research group was significantly higher than that in the control group (P < 0.05).
Moreover, there was no significant difference in mortality between the two groups (P > 0.05) (Table 3).

Comparison of chest X-ray scores and Apgar scores between two groups of patients

Before treatment, there was no statistically significant difference in chest X-ray score and Apgar score between the two
groups of patients (P > 0.05). After treatment, the research group had higher chest X-ray score and Apgar score than the
control group (P < 0.05) (Table 4).

Comparison of complications between two groups of children

As is shown in Table 5, the total incidence of complications such as air leakage in the control group was 37.1%, and that in
the research group was 11.4%. The incidence of complications in the research group was significantly lower than that in
the control group (P < 0.05).

DISCUSSION

Due to immature lung development and surfactant deficiency, ARDS is characterized by alveolar collapse, decreased
lung compliance, and diminished ventilation-perfusion ratio. The primary manifestations include refractory hypoxemia
and significant enhancement of alveolar permeability. Hypoxia and acidosis can induce injury to alveolar epithelial cells
and pulmonary vascular endothelial cells. Moreover, ARDS-related fluid leakage and heightened vascular permeability
not only exacerbate acidosis and hypoxia but also diminish the production and secretion of PS, establishing a self-
perpetuating cycle. Increased pulmonary microvascular permeability can lead to alveolar and interstitial edema, injury to
alveolar type II cells, and decreased generation or release and activity of endogenous PS. This, in turn, decreases lung
compliance, escalates alveolar surface tension, compromises lung function, and reduces SaO, levels[14,15]. Acute
hemodynamic alterations induced by hypoxia and acidosis could exacerbate the state of decreased cardiac output,
potentially culminating in multiple organ failure.

PS can enhance the clinical prognosis of neonates with RDS, promoting the regeneration of pulmonary epithelial cells
and the release of endogenous surfactant. Beyond preserving functional residual capacity, stabilizing alveolar pressure,
and minimizing fluid leakage from capillaries to alveoli, PS replacement therapy can also reduce alveolar surface tension,
preventing alveolar collapse at the end of the expiratory phase. Moreover, it can decrease ventilator parameters while
concurrently improving lung compliance and ventilation function[16,17]. Early administration of PS in neonates with
ARDS has demonstrated a reduction in the necessity for mechanical ventilation and an enhancement in oxygenation[18,
19]. Clinical observations suggest that mechanical ventilation should be employed in conjunction with PS therapy, as this
therapy alone exhibits limited efficacy in addressing NRDS. Mechanical ventilation, which has been shown to
significantly improve the oxygenation capacity in children with respiratory dysfunction, is currently the most favored
treatment approach for neonates with acute and severe respiratory difficulties.

Study has linked the repetitive opening and closing of collapsed alveoli, mainly induced by high airway pressure, large
lung capacity, and recurrent alveolar collapse, to the release of inflammatory mediators and subsequent multi-organ
dysfunction[20]. Consequently, the focus of mechanical ventilation lies in lung-protective strategies. The two primary
goals are to prevent the recurrent closure of end-expiratory alveoli and to limit excessive alveolar expansion to mitigate
lung injury and enhance disease recovery. HFOV is characterized by low-cycle pressure changes, biphasic pressure
changes, tidal volume at or below the level of the anatomical dead space, and supra-physiological respiratory frequency
oscillations. This facilitates an effective gas exchange ventilation mode at the alveolar level, rapidly achieving even
alveolar expansion, enhanced gas exchange, and increased lung compliance. HFOV supports the processes of inhalation

WJCC | https://www.wjgnet.com 5881 September 6,2023 | Volume1l | Issue25 |

Jaishideng®



Qing Q et al. Pulmonary surfactant on neonatal acute respiratory distress syndrome

Table 1 Baseline information, n (%)

Item Research group Control group P value
Gestational age (d) 37.09 £1.12 37.67 £1.87 0.658
Gender

Male 20 (57.1) 19 (54.3) 0.810
Female 15 (42.9) 16 (45.7)

Birth weight (g) 3456.09 + 866.70 3170.33 + 767.18 0.453

Table 2 Comparison of treatment of two groups of patients (mean * SD, n = 70)

Group Ventilator use time (h) Treatment time (d) 0, treatment time (h)
Control group 83.28 £10.35 22.37 £ 6.63 131.47 £19.32
Research group 38.59 +8.91° 16.20 + 4.05" 92.45 +10.13"

“Compared with the control group, P < 0.05.

Table 3 Comparison of curative effects between two groups of patients [n (%), n = 70]

Group Cure rate Improvement rate Case fatality rate
Control group 3(8.6) 27 (77.1) 5(14.3)

Research group 14 (40.0) 19 (54.3) 2 (5.7)

ba 9.401 4.058 1.429

P value 0.002 0.044 0.232

Table 4 Comparison of chest X-ray scores and Apgar scores between two groups of patients

X-ray scores Apgar scores
Group

Before After Before After
Control group 2,98 +0.42 3.45+0.27 412+092 6.17 £1.02
Research group 3.04 %039 3.98 £ 0.35" 3.96+0.83 7.85 £ 0.98°

“Compared with the control group, P < 0.05.

Table 5 Comparison of complications between the two groups [n (%), n = 70]

Ventilator-associated Intraventricular Patent ductus Total
Group Emphysema . . o
pneumonia hemorrhage arteriosus complications
Control group 4 2 3 3 13 (37.1)
Research 2 1 1 4 (11.4)
group
ba 6.293
P value 0.012

and exhalation during ventilation, improving oxygenation and carbon dioxide removal while minimizing barotrauma. Its
hypoventilation approach can protect the lungs during mechanical ventilation, thus improving survival rates[21,22]. The
research conducted by Poddutoor et al[23] studied 675 neonates who were administered CMV. They found that of those,
97 neonates had to be switched to HFOV due to failure of CMV treatment. Impressively, there was a significant
improvement in lung oxygenation and ABG parameters within 2 h of switching to HFOV. Our study aligns with these
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Figure 1 Comparison of pH, Pa0,, PaCO,, oxygen deficiency index and PaO,/FiO, at different time points between the control group and
research group. A: Comparison of two groups of PH; B: Comparison of two groups of PaO,; C: Comparison of two groups of PaCO,; D: Comparison of two groups
of oxygen deficiency index; E: Comparison of two groups of PaO,/FiO,.

findings. We observed that the ABG parameters in the HFOV+PS group improved significantly after treatment. The
CMV+PS group also showed improvements in their ABG parameters, however, the effect was not as pronounced as in
the HFOV+PS group.

Moreover, infants treated with the HFOV+PS method experienced significantly reduced hospitalization and boarding
durations compared to those in the CMV+PS group. The duration of hospital-stay and the need for mechanical
ventilation were markedly less for the HFOV+PS group, demonstrating its effectiveness over the CMV+PS approach. This
can be attributed to the fact that, in comparison to CMV, the rapid airflow created by HFOV can swiftly disperse PS
across the alveolar surface, reducing surface tension. This effect further expands the alveoli, ensuring their stability,
enhancing alveolar ventilation and respiration function, and alleviating symptoms of hypoxia and acidosis. Furthermore,
when combined with mechanical ventilation, PS can notably augment the PaO,/FiO, ratio, decrease OI, and significantly
improve oxygenation capabilities in children with ARDS[21,24]. This study also discovered that the duration of
mechanical ventilation and the need for oxygen therapy was notably reduced in the HFOV+PS group as compared to the
CMV+PS group. This might be attributed to the ability of HFOV, which can clear obstructions in the small airways and
alveoli. The distinct mode of gas exchange and rapid ventilation frequency foster a uniform distribution of PS along the
alveolar wall. Additionally, surfactants exert immunomodulatory, physicochemical, and antibacterial effects which
contribute to the stabilization of alveoli, reduction in alveolar capillary edema, and ultimately an enhancement in lung
function[24]. The combination of PS with HFOV significantly optimizes respiration and diminishes the time needed for
ventilation.

Based on the findings of the study, post-treatment arterial blood pH value, blood PaO,, and blood PaCO, of both
groups were significantly higher than their pre-treatment levels. Meanwhile, the oxygenation index (PaO,/FiO,) was
markedly lower post-treatment compared to its pre-treatment value. As the duration of treatment extended, the arterial
blood pH value, PaO,, and PaO,/FiO, of both groups significantly rose, while PaCO, and OI saw a substantial decrease.
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To enhance oxygenation and pulmonary ventilation function in children with NRDS, this study suggests no significant
difference between HFOV, CMV, or SIMV when used in conjunction with PS. Children in the research group spent
notably less time on ventilators, had significantly shorter hospitalization durations, and required oxygen treatments for a
significantly shorter period than those in the control group. Furthermore, the recovery rate among children in the
research group was significantly higher than in the control group, whereas the mortality rate remained fairly consistent
across both groups. However, the incidence of complications was lower in the research group compared to the control
group, suggesting a positive impact of HFOV.

Limits of the study

Our study has some limitations. Firstly, the sample size used in our research was small, with only 20 cases in total, 11 in
the observation group and 9 in the control group, which could affect the persuasiveness of our research results.
Additionally, we lacked long-term follow-up on patients after discharge, which means we were unable to provide
evidence for the long-term therapeutic effects of HFOV combined with PS.

CONCLUSION

In conclusion, our findings suggest that for infants with ARDS, the utilization of HFOV in conjunction with PS
demonstrates a significant advantage over the use of CMV with PS. Specifically, the HFOV+PS approach notably reduces
both the duration of hospitalization and the necessity for prolonged mechanical ventilation. Importantly, these benefits
are achieved without any attendant increase in the incidence of complications. This evidence provides a compelling case
for the preferential use of HFOV+PS in the management of infant ARDS, to optimize patient outcomes and enhance the
efficiency of care.

ARTICLE HIGHLIGHTS

Research background

Acute respiratory distress syndrome (ARDS) precipitates is widespread pulmonary injury in impacted individuals, the
neonatal respiratory distress syndrome (NRDS), primarily observed in preterm infants, represents a prevalent critical
condition in neonatal clinical settings.

Research motivation

Presently, respiratory ailments such as NRDS, congenital diaphragmatic hernia, and meconium aspiration syndrome can
be effectively managed with high-frequency oscillatory ventilation (HFOV) combined with pulmonary surfactant (PS)
(HFOV+PS) inhalation therapy in neonates and infants. However, additional investigations are required to elucidate the
impacts of the HFOV and PS combination on ARDS.

Research objectives
The aim of this study is to investigate the clinical efficacy of various ventilation strategies combined with PS therapy in
the treatment of NRDS.

Research methods

A total of 20 neonates diagnosed with RDS, admitted between May 2021 and June 2022, were randomly assigned to either
a research group or a control group. Neonates in the research group received treatment involving HFOV in conjunction
with PS. In contrast, neonates in the control group were administered either controlled mechanical ventilation (CMV) or
synchronous intermittent mandatory ventilation, combined with PS.

Research results

From 6-48 h post-treatment, both groups demonstrated significant improvements in arterial blood pH and oxygen partial
pressure, along with a significant decrease in carbon dioxide partial pressure compared to pre-treatment values (P < 0.05).
Although these changes progressed over time, there were no significant differences between the two groups (P > 0.05).
However, the research group had significantly lower X-ray scores, shorter hospitalization time, and less time on O,
therapy compared to the control group (P < 0.05). Mortality rates were similar between the two groups (P > 0.05), but the
research group had a significantly lower incidence of complications (P < 0.05).

Research conclusions

Our findings suggest that for infants with ARDS, the utilization of HFOV in conjunction with PS demonstrates a
significant advantage over the use of CMV with PS. Specifically, the HFOV+PS approach notably reduces both the
duration of hospitalization and the necessity for prolonged mechanical ventilation. Importantly, these benefits are
achieved without any attendant increase in the incidence of complications. This evidence provides a compelling case for
the preferential use of HFOV+PS in the management of infant ARDS, to optimize patient outcomes and enhance the
efficiency of care.
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Research perspectives
Our future research will be based on alleviating the economic pressure of patients and finding the cheapest treatment to
treat Infant respiratory distress syndrome.
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Abstract

BACKGROUND

Iterative decomposition of water and fat with echo asymmetry and least squares
estimation quantification sequence (IDEAL-IQ) is based on chemical shift-based
water and fat separation technique to get proton density fat fraction. Multiple
studies have shown that using IDEAL-IQ to test the stability and repeatability of
liver fat is acceptable and has high accuracy.

AIM

To explore whether Gadoxetate Disodium (Gd-EOB-DTPA) interferes with the
measurement of the hepatic fat content quantified with the IDEAL-IQ and to
evaluate the robustness of this technique.

METHODS

IDEAL-IQ was used to quantify the liver fat content at 3.0T in 65 patients injected
with Gd-EOB-DTPA contrast. After injection, IDEAL-IQ was estimated four times,
and the fat fraction (FF) and R2* were measured at the following time points: Pre-
contrast, between the portal phase (70 s) and the late phase (180 s), the delayed
phase (5 min) and the hepatobiliary phase (20 min). One-way repeated-measures
analysis was conducted to evaluate the difference in the FFs between the four time
points. Bland-Altman plots were adopted to assess the FF changes before and
after injection of the contrast agent. P < 0.05 was considered statistically
significant.

RESULTS

The assessment of the FF at the four time points in the liver, spleen and spine
showed no significant differences, and the measurements of hepatic FF yielded
good consistency between T1 and T2 [95% confidence interval: -0.6768%,
0.6658%], T1 and T3 (-0.3900%, 0.3178%), and T1 and T4 (-0.3750%, 0.2825%). R2x
of the liver, spleen and spine increased significantly after injection (P < 0.0001).
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CONCLUSION

Using the IDEAL-IQ sequence to measure the FF, we can obtain results that will not be affected by Gd-EOB-DTPA.
The high reproducibility of the IDEAL-IQ sequence makes it available in the scanning interval to save time during
multiphase examinations.

Key Words: Gadoxetate Disodium; Iterative decomposition of water and fat with echo asymmetry and least squares estimation

quantification sequence; Fat fraction; Enhanced-Magnetic resonance imaging; R2%

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The measurement of fat fraction was stable when using Iterative decomposition of water and fat with echo
asymmetry and least squares estimation quantification sequence (IDEAL-IQ) before and after injection of hepatocyte-
specific contrast agent. Such strong reproducibility makes IDEAL-IQ available in the interval for saving time during
examination and optimizes the scanning protocol.
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INTRODUCTION

The defining characteristic of hepatic steatosis (HS) lies in the intracellular accumulation of fat deposits within
hepatocytes. Formerly regarded as a comparatively benign entity, it (HS) has the potential to advance towards the
development of steatohepatitis, advanced fibrosis, and ultimately cirrhosis[1,2]. Fortunately, if intervention is performed
in a timely manner, isolated steatosis is reversible, and a reduction in liver fat may diminish many of its associated risks.
The fat fraction, which represents the quantitative ratio of fat mass to liver mass, serves as a pivotal parameter in the
diagnosis and ongoing assessment of nonalcoholic fatty liver disease (NAFLD), the prevalence of which is approximately
25%[3]. Rapid radiological detection and diagnosis are essential in the management of patients with NAFLD[2,4,5].

Quantitative diagnosis and efficacy evaluation of HS have been studied clinically. Liver biopsy is not frequently used
for HS diagnosis because of its invasive nature, and sampling errors can be caused by heterogeneous fat distribution[6].
Ultrasound detection is economical and convenient but is highly dependent on the procedure and lacks quantitative and
objective criteria[7]. Computed tomography (CT) values cannot be used as a noninvasive technique in the evaluation of
fat content, but the deposits of iron, copper, glycogen and amiodarone can increase the liver density and severely
interfere with the accuracy of CT in the quantification of liver steatosis[8,9].

Currently, magnetic resonance spectroscopy (MRS) is commonly used as a standard fat quantification method[10-12].
However, the accuracy of this technique depends on the homogeneity of the magnetic field, and single spectral data
cannot reflect the whole liver condition[11,12]. Recently, multipoint water-fat separation methods based on chemical
shifts have been applied to quantitative analyses of liver fat[12-16]. Among these methods, the iterative decomposition of
water and fat with echo asymmetry and least-squares estimation (IDEAL-IQ) not only generates an accurate evaluation of
the FF (0%-100%) but also allows the quantitative analysis of the fat composition. This method utilizes a multiecho
acquisition technique to facilitate T2* fitting, enabling the subsequent application of T2* correction. By eliminating the
inherent T2* effect, this correction accounts for various factors that can impact the accuracy of FF measurements in
chemical shift-based approaches. These factors include field inhomogeneity, T1 relaxation, noise bias, and eddy currents
[16]. It facilitates the quantitative measurement of the whole liver and promising clinical application for testing the
efficacy of drugs for hepatic disorders. The new quantitative scanning regimen not only facilitates accurate prognosis by
monitoring dynamic changes in patients but also provides an objective basis for evaluating the treatment effect.

The primary objective of this study was to assess the potential interference of the liver-specific contrast medium Gd-
EOB-DTPA on the measurement of hepatic fat content using the IDEAL-IQ sequence. Additionally, the study aimed to
evaluate the reliability and resilience of this technique. By exploring these aspects, the researchers sought to identify and
address the challenges associated with the widespread application of Gd-EOB-DTPA in clinical settings.

MATERIALS AND METHODS

Patients

In this institutional review board-approved study, patients with liver disease who visited the First Affiliated Hospital of
Harbin Medical University between October 2015 and June 2016 were enrolled. All patients were diagnosed with
hepatopathy using early imaging and subsequently screened with Gd-EOB-DTPA magnetic resonance imaging. The
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Table 1 Baseline patient characteristics and treatment history

Demographics Parameter No. of patients (%)
Age <60 yr 51 (65)
> 60 yr 28 (35)
Sex Male 48 (60)
Female 17 (40)
Cause HBV 20 (30)
HCV 9 (14)
HBV and HCV 2(3)
Alcohol 25 (38)
Cryptogenic 9 (14)
Cirrhosis Present 35 (54)
Absent 30 (46)
Methods of diagnosis Biopsy 15 (23)
MR imaging 50 (77)
Tumor characteristics Unifocal 43 (66)
Multifocal 22 (34)
Diameter of lesion <3cm 42 (65)
>3 cm 23 (35)
No treatment 45 (69)
Treated Surgical treatment 9 (14)
Internal medicine 11 (17)

Numbers in parentheses are percentages, and percentages were rounded. HBV: Hepatitis B virus; HCV: Hepatitis C virus.

IDEAL-IQ sequence was used before and after injection to detect liver fat levels. In total, 79 patients were enrolled in this
study. We excluded 14 cases for the following criteria: (1) Poor image quality caused by factors such as incompatible
breath-holding; (2) Focal liver lesions exceeding 50% of the liver volume; and (3) Patients who underwent an abdominal
operation. Finally, 65 patients were enrolled (48 males and 17 females with an average age of 54 years old and a range of
36 to 67 years old). Baseline patient characteristics and treatment history are shown in Table 1, and all the patients signed
informed consent forms before the study.

Magnetic resonance imaging

A GE Signa HDxt magnetic resonance imaging (MRI) scanner (Milwaukee, United States) was used with 8-channel
TORSOPA phased array coils. The patients fasted for 6 h before the test. Fat detection with the IDEAL-IQ sequence was
performed four times before and after Gd-EOB-DTPA enhancement. The acquisition parameters were consistent at the
four time points, indicating changes in the FF value and R2*. The scanning parameters were as follows: Breath-hold
scanning, IDEAL-IQ (a three-dimensional volumetric imaging sequence): repetition time (TR)/first echo time (TE): 3.7
ms/1.7 ms, thickness 5 mm, receiver bandwidth 125 kHz, view: 44 cmx 40 cm, matrix: 256 x 256, flip angle 3°, NEX1. Six
echoes in total were obtained for the T2* correction in two consecutive TRs with a 3-echo acquisition maintained for each.
Two-dimensional parallel acceleration was used to maintain the scan time, approximately 21 s, within a single breath
hold. The breath-hold double arterial phase LAVA enhanced scanning (BH Ax Dual LAVA+C) parameters were as
follows: Turn over time 5.0 ms; flip angle 11°; bandwidth 125 kHz; matrix 256x152; view 44 x 40 cm; and the front and
back range was 25% larger than the body surface with a thickness of 4-6 mm. The array spatial sensitivity encoding
technique (ASSET) was used with a phase accelerating factor of 2.25 Ph. The injection speed of the contrast agent was 2.0-
3.0 mL/s. The dosage was 0.025 mmol/kg, which is approved by the FDA, followed by injection of 20 mL saline at the
same speed. After the contrast agent was injected, Dynamic-enhanced scanning using LAVA-Flex was employed to
capture images during different phases, namely the arterial phase, portal phase, and equilibrium phase. Additionally,
IDEAL-IQ was performed four times throughout the study, including a pre-contrast scan, scans between the portal phase
(70 s) and late phase (180 s), a delayed phase scan (5 min), and a hepatobiliary phase scan (20 min). These scans were
individually labeled as t1, t2, t3, and t4 in the subsequent statistical analyses and tables.
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Figure 1 Fat fraction (%, upper row) and R2* (Hz, bottom row) mappings of the right liver lobe and spleen of a 57-year-old male patient
with primary hepatocellular carcinoma. The mean FF and R2 values of the right liver lobe and spleen are shown on the images. FF: Fat fraction.

Pre-contrast Post-contrast 1 Post-contrast 2 Post-contrast 3
DOI: 10.12998/wjcc.v11.i25.5887 Copyright ©The Author(s) 2023.

Figure 2 Fat fraction (%, upper row) and R2* (Hz, bottom row) mappings of the spine of a 47-year-old patient with hepatic hemangioma.
The obtained anatomical images were referred to the region of interest in the vertebral body bone marrow to avoid inclusion of the intervertebral disk. FF: Fat fraction.

Data analysis

Two radiologists (with 5-7 years of experience in MR imaging of the abdomen) reviewed the image data of the patients in
terms of the known pathological and comprehensive diagnosis. FF and R2* maps were autogenerated on the host scanner
after each acquisition of the IDEAL-IQ sequence. All the images were independently evaluated by function tool 9.4 on an
AW4.5 workstation (Advantage Workstation 4.5; GE Healthcare). Three regions of interest (ROIs) with a diameter of 16
mm in the right liver lobe were used to calculate the mean values (Figure 1). To ensure accurate measurements, regions of
interest were carefully selected by excluding intrahepatic bile ducts, blood vessels, and focal liver lesions. The fat fraction
detected in the images reflected the amount of fat present in the liver mass, which typically does not exceed 5% in healthy
individuals. Similarly, employing the same approach, two ROIs with a diameter of 16 mm were delineated within the
spleen for further analysis (Figure 1), one ROI was drawn in the spinal vertebral layer (Figure 2), and the FF and R2*
values were recorded. The obtained anatomical images of the spine were considered the region of interest in the vertebral
body bone marrow to avoid inclusion of the intervertebral disk. Finally, the FF and R2* values in the liver, spleen and
spine determined by the two physicians were averaged to calculate the final result.

Statistics

The FF and R2* values at the four time points were evaluated, and the data were expressed as the means + SDss and
analyzed by ANOVA for repeated measurements. Furthermore, in each region, the values before and after injecting the
contrast agent at each time point were compared, and Bland-Altman plots were applied to analyze the differences. P <
0.05 was considered statistically significant. SAS 9.13 software (SAS Institute Inc, China) was used to perform the
statistical analysis.
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Figure 3 Agreement of fat fraction measurements between T1 (pre-contrast) and T2 (between portal phase and equilibrium phase). Bland-
Altman plots indicating 95% of confidence interval in the hepatic fat fraction measurements (-0.6768, 0.6658).
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Figure 4 Agreement of fat fraction measurements between T1 (pre-contrast) and T3 (delayed phase). Bland-Altman plots indicating 95% of
confidence interval in the haptic fat fraction measurements (-0.3900, 0.3178).

RESULTS

For the 65 patients, the final FF and R2* values (mean * SD, n = 65) of the liver, spleen and spine are shown in Table 2.
The FF values of the liver, spleen and spine were compared before (time point of T1) and after injection of the contrast
agent (T2, T3, and T4). The results showed no significant differences between them (T1-T2, P = 0.85; T1-T3, P = 0.24; T1-
T4, P = 0.13), and the FF values were acceptable (Table 3). The R2* value increased from T1 to T2 from 43.14 to 46.21 s-1,
respectively (P < 0.0001) in the liver and from 42.97 to 46.08 s-1 (P < 0.0001) in the spleen. Thereafter, the values reached
46.60 s-1 and 47.10 s-1 at t3 and t4 in the liver (P < 0.0001) and 46.38 s-1 and 46.76 s-1 in the spleen (P < 0.0001). R2* values
in the spine were 121.75 s-1 at t1 and 124.90 s-1, 125.75 s-1 and 126.45 -1 at t2, t3, and t4, respectively (P < 0.0001). In
summary, the R2* of the liver, spleen and spine increased significantly after injection (P < 0.0001), showing a T2* effect of
Gd-EOB-DTPA (Table 4).

The Bland-Altman plots (Figures 3-5) demonstrated good agreement of hepatic FF measurements between T1 and T2
(95% confidence interval: -0.6768%, 0.6658%), T1 and T3 (-0.3900%, 0.3178%), and T1 and T4 (-0.3750%, 0.2825%). These
findings suggested considerable stability and repeatability of the IDEAL-IQ FF measurements under the impact of Gd-
EOB-DTPA.
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Table 2 Fat fraction and R2< (mean % SD, n = 65) of the liver, spleen and spine at four time instants

Index ™ T2 T3 T4

Liver FF 6.0567 +3.1295 6.0622 + 3.1026 6.0928 + 3.0863 6.103 £3.1272
Spleen FF 2.0183 + 0.7687 2.0363 £ 0.7531 2.0478 £0.7633 2.0652 + 0.7494
Spine FF 25.6275 + 6.6189 25.6422 + 6.5966 25.6495 * 6.5979 25.6648 + 6.5941
Liver R2* 43.1359 +9.95 48.211 +10.0155 49.5981 + 10.0038 52.0894 +10.0021
Spleen R2x 42,9711 + 13.9805 46.0781 +13.7729 46.3787 +13.7615 46.7647 +13.796
Spine R2* 121.7495 + 20.602 124.902 + 20.3045 125.7506 + 20.263 126.4444 + 20.3439

T1: Pre-contrast; T2: Between portal phase (70 s) and equilibrium phase (180 s); T3: Delayed phase (5 min); T4: Hepatobiliary phase (20 min).

Table 3 The comparison of fat fraction (n = 65) before and after hepatocyte-specific contrast media injection

Variation DF SS MS F P value
T1-T2 (liver) 1 0.001 0.001 0.0319 0.8584
T1-T3 (liver) 1 0.0417 0.0417 1.3901 0.2399
T1-T4 (liver) 1 0.0685 0.0685 2.2825 0.1325
T1-T2 (spleen) 1 0.0103 0.0103 0.4911 0.4843
T1-T3 (spleen) 1 0.0328 0.0328 1.5601 0.2132
T1-T4 (spleen) 1 0.0703 0.0703 3.3418 0.0691
T1-T2 (spleen) 1 0.0069 0.0069 0.1703 0.6803
T1-T3 (spleen) 1 0.0157 0.0157 0.3859 0.5352
T1-T4 (spleen) 1 0.045 0.045 1.1053 0.2944

DF: Degree of freedom; SS: Variance; MS: Mean square; F: Statistics.

Table 4 The comparison of R2* (n = 65) before and after injection of Gadoxetate disodium

Variation DF SS MS F P value
T1-T2 (liver) 1 297.9598 297.9598 476.8081 <0.0001
T1-T3 (liver) 1 377.59 377.59 604.2357 <0.0001
T1-T4 (liver) 1 4923481 4923481 787.8766 <0.0001
T1-T2 (spleen) 1 299.2445 299.2445 1035.896 <0.0001
T1-T3 (spleen) 1 359.9598 359.9598 1246.074 <0.0001
T1-T4 (spleen) 1 4461213 446.1213 1544.34 <0.0001
T1-T2 (spleen) 1 313.126 313.126 317.1906 <0.0001
T1-T3 (spleen) 1 504.28 504.28 510.826 <0.0001
T1-T4 (spleen) 1 694.3318 694.3318 703.3447 <0.0001

DF: Degree of freedom; SS: Variance; MS: Mean square; F: Statistics.

DISCUSSION

Unlike the R2#* values, the FF values of the liver, spleen and spine obtained by the IDEAL-IQ sequence showed no
significant differences at the four time points before and after the injection of Gd-EOB-DTPA. Our findings demonstrated
that this technique for fat quantification can overcome the strong susceptibility effect induced by contrast media,
including hepatocyte-specific contrast agents.
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Figure 5 Agreement of fat fraction measurements between T1 (pre-contrast) and T4 (hepatobiliary phase). Bland-Altman plots indicating 95% of
confidence interval in the hepatic fat fraction measurements (-0.3750, 0.2825).

IDEAL-IQ is based on a chemical shift-based water and fat separation technique to obtain the proton density fat
fraction (PDFF)[14,17,18]. The accuracy of water-fat separation is affected by many factors, including T2* attenuation and
the multiple fat peak model. According to the chemical characteristics of triglycerides, the nine-peak fat model was
formed. To remove the influence of T2*, a multiecho technique is used to predict the attenuation rate of R2*, and it is
used in the calculation of the water and fat maps[16,19]. As a noninvasive liver fat analysis method, several result maps
can be reconstructed in one scan, including the FF, R2%, water and fat phases. Moreover, to decrease the signal deviation
between water and fat due to the T1 effect, a small flip angle pulse was used to ensure proton density (PD)[19,20]. The
stability and repeatability of testing for liver fat using IDEAL-IQ was acceptable and achieved a high accuracy[12,20].

Approximately 50% of the hepatic cells absorbed Gd-EOB-DTPA, which is derived from a lipophilic EOB compound
containing gadolinium. This absorption occurred through the organic anion transporting polypeptide (OATP) mechanism
[21]. Although the contrast agent partially entered the hepatic cells via the intercellular space, it did not affect the water or
fat composition but altered the magnetic field environment and T2%* effect. However, such attenuation was eliminated by
IDEAL-IQ. IDEAL-IQ imaging estimated a complex field map via six echo signals using the iterative least-squares
method. A complex field map was used to differentiate water and fat and to obtain the dynamic 0 to 100% fat fraction.
Amplitude reconstruction was used to quantify the fat fraction, and the phase error was removed. Finally, combined with
the results of the two reconstructions, T2* was estimated[20,22]. Thus, elimination of the T2* effect by IDEAL-IQ was
relatively stable. A few studies also evaluated the confounding effects of fat detection after injecting a contrast agent,
especially SPIO, and found that IDEAL-IQ has stable performance[23]. As a liver-specific contrast agent, SPIO is absorbed
by Kupffer cells into hepatic cells. The mechanism was similar to that of Gd-EOB-DTPA, and the difference was mainly in
the amounts deposited in hepatic cells. Under T1 deviation, noise difference, T2* decay, a complicated fat resonance
spectrum and vortex, the accuracy of the chemical shift in fat quantification was influenced differently[12,20]. However,
IDEAL-IQ compensated for and neutralized the effects of interfering factors. Another study illustrated that the FF had no
significant difference after injection with Gd-DTPA instead of with Gd-EOB-DTPA in our case[24]. Thus, the presence of
contrast agent inside or outside cells does not alter the FF value theoretically.

As a reciprocal of T2*, R2* is related to the water and fat components[17,22]. Due to the application of small 3D flip
angle acquisition with gradient echo flyback, the R2* value and FF value can be calculated simultaneously. Therefore, R2:
is used to describe the decay of T2* caused by Gd-EOB-DTPA. In our study, the injection of a contrast agent slightly
increased R2* due to transverse relaxation of Gd-EOB-DTPA. In the case of contrast agents with similar paramagnetic
ions, the R2* influencing factors mainly included micro viscosity, hydrogen proton nuclear dispersion caused by
susceptible echo, and the combining capacity with cells[23]. The combining capacity of Gd was lower than that of Gd-
EOB-DTPA. However, the influence was limited, which requires further exploration. Being a widely employed liver-
specific contrast agent, Gd-EOB-DTPA was similar to Gd in influencing T2* and the T1 relaxation time. At similar
dosages, Gd-EOB-DTPA showed a higher relaxation time than Gd, and the paramagnetic effect greatly decreased the T1
relaxation time[25-27]. Nevertheless, IDEAL-IQ effectively addressed the confounding factors that could potentially
disrupt accurate fat quantification. It rectified issues such as T2* decay, the distribution of multifat spectrum peaks, and
generated separate water and fat images. Additionally, IDEAL-IQ provided valuable information through the fat fraction
and R2* maps, further enhancing the reliability of fat quantification[27,28].

However, our study still has a few limitations. First, despite the accuracy and reliability of IDEAL-IQ, Gd-EOB-DTPA
intake by hepatic cells was up to 50%, and the role of hepatic function still requires clinical investigation. Second, unstable
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breath holding resulted in a slight shift in the local scan layer and further deviation in the inconsistent ROI before and
after contrast agent administration. However, we used the image calibration software of the AW4.5 workstation and drew
ROIs in the same layer as much as possible. Third, in the four periods of IDEAL-IQ after contrast agent injection, the
initial time was influenced by several factors. A deviation in the FF value and other parameters was caused by a failure to
achieve the target time. Control of the scan time is important for further study.

CONCLUSION

The measurement of fat fraction was stable when using IDEAL-IQ to detect the FF values in patients scanned by EOB-
MRI before and after injecting a hepatocyte-specific contrast agent. The R2* values in the liver, spleen and spine increased
after injection of Gd-EOB-DTPA but had no significant effect on fat quantification. Such strong reproducibility makes
IDEAL-IQ available in the interval for saving time during examination and optimizing the scanning protocol.

ARTICLE HIGHLIGHTS

Research background

Iterative decomposition of water and fat with echo asymmetry and least squares estimation quantification sequence
(IDEAL-IQ) is based on chemical shift-based water and fat separation technique to get proton density fat fraction.
Multiple studies have shown that using IDEAL-IQ to test the stability and repeatability of liver fat is acceptable and has
high accuracy.

Research motivation

At present, there are few studies on comparing the fat content of different Gadoxetate Disodium (Gd-EOB-DTPA)
enhanced organs at different periods. This research can further solve the problem of whether Gd-EOB-DTPA affects fat
fraction measurement, and test repeatability of ideal-IQ at Different Periods, which can optimize clinical examination
items.

Research objectives

The challenges associated with the widespread applications of liver-specific contrast medium Gd-EOB-DTPA, the
purpose of this study is to evaluate whether the Gd-EOB-DTPA would interfere with the measurement of hepatic fat
content that was quantified with IDEAL IQ sequence, and the robustness of this technique was also evaluated.

Research methods

In this study, IDEAL-IQ was employed to quantify liver fat content in a cohort of 65 patients who received injections of
Gd-EOB-DTPA contrast material during imaging at 3.0T. Following the injection, IDEAL-IQ was performed four times,
and measurements of the fat fraction (FF) and R2* were obtained at specific time points: pre-contrast, between the portal
phase (70 s) and late phase (180 s), delayed phase (5 min), and hepatobiliary phase (20 min). These measurements allowed
for the assessment of liver fat content at different stages of contrast material uptake and clearance.

Research results

The evaluation of the FF at four different time points in the liver, spleen, and spine revealed no significant differences.
Furthermore, the measurements of hepatic FF demonstrated good consistency between T1 and T2, T1 and T3, as well as
T1 and T4. On the other hand, the R2* values of the liver, spleen, and spine exhibited a significant increase following the
injection of the contrast material.

Research conclusions

Using IDEAL-IQ sequence in the measurement of FF, we can get results that won't be affected by Gd-EOB-DTPA. The
high reproducibility of IDEAL IQ makes it available in the interval of scanning for saving time during multi-phase
examination.

Research perspectives
Multi-center prospective studies with larger sample sizes are required to investigate whether the dosage of GD-EOB-
DTPA affects IDEAL-IQ FF.
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Abstract

BACKGROUND
The concept of mandatory laparotomy in treating traumatic peritonitis has been
increasingly questioned recently.

AIM
To summarize and share the experience of conservative treatment of patients with
multi-trauma induced peritonitis.

METHODS
A retrospective review was performed on patients with multiple injury induced
traumatic peritonitis.

RESULTS

A total of 184 patients with multiple injury induced traumatic peritonitis were
reviewed. 46 of them underwent conservative treatment. None of the 46 patients
with conservative treatment switched to surgical treatment, and all of them were
cured and discharged after successful conservative treatment. No significant
abnormal findings were observed at regular follow-up after discharge.

CONCLUSION

Conservative management is safe, effective, feasible, and beneficial in hemody-
namically stable patients with traumatic peritonitis if there is no definite evidence
of severe abdominal visceral organ injury.

Key Words: Trauma; Peritonitis; Damage control; Conservative treatment
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Core Tip: A retrospective review was performed on 184 patients with multiple injury induced peritonitis. It reveals that
conservative management is safe, effective, feasible, and beneficial in hemodynamically stable patients with traumatic
peritonitis if there is no definite evidence of severe abdominal visceral organ injury.
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INTRODUCTION

Peritonitis refers to the inflammation of the peritoneum. Symptoms and signs may include abdominal pain and
tenderness, abdominal guarding and rigidity, rebound tenderness, and fever. A diagnosis of peritonitis is based primarily
on the clinical manifestations described above. Rigidity is the most specific exam finding for diagnosing peritonitis.
Peritonitis can be caused by infection, chemical, and injuries. Traumatic peritonitis is caused by injury and in most cases
requires surgical treatment[1]. Given the great risk of missing occult injuries, mandatory laparotomy has been a well-
known guideline in treating traumatic peritonitis. However, recently, this concept has been increasingly questioned[2,3],
especially in patients with low risk of a true rupture or bleeding of intraabdominal viscera. In fact, such patients are
complicated by severe injury. Their conditions may deteriorate if an inappropriate exploratory laparotomy is performed,
causing serious physiological dysfunction, even death[4]. The recent study retrospectively reviewed 43 cases of blunt
trauma to abdominal solid organs and found 20 (47%) cases attempted conservative management with successful rate of
90% (18 out of 20 cases)[5]. We aim to review the outcomes of conservative management of traumatic peritonitis and
explore the indications for managing it conservatively.

MATERIALS AND METHODS

Patients presented with traumatic peritonitis caused by multiple injuries to the Shuguang Hospital, China from April
2016 to June 2022 were reviewed. Confidentiality of all patients” information was maintained and permission from the
hospital ethical committee for the use of medical data and publishing of the study results was obtained.

Demographic data, clinical parameters, laboratory values, diagnostic examinations, management strategies and
outcomes were analyzed. Hemodynamic instability was defined as systolic blood pressure < 90 mmHg, or > 90 mmHg
but requiring bolus infusions/transfusions and/or vasopressor drugs. Positive abdominal findings included abdominal
pain, rigidity of abdominal wall muscles and positive rebound sign on examination. The injury severity score (ISS) was
calculated using the organ injury scaling committee of the American association for the surgery of trauma[6].The amount
of peritoneum fluid was calculated by abdominal ultrasound and defined as: Small when the fluid was limited in pelvis
or only between bowels with the maximal fluid depth (AP diameter) of 2-4 cm; medium when the maximal fluid depth
(AP diameter) was 4-8 cm; large when the fluid was diffusely present in pelvis and abdomen with the maximal fluid
depth (AP diameter) more than 8 cm.

RESULTS

A total of 184 patients with multiple traumas induced traumatic peritonitis were admitted from April 2016 to June 2022,
including 116 males and 68 females with a mean age of 35.3 + 10.5 years old. The causes of trauma included 85 cases of
traffic injuries, 63 cases of falls from height, 20 cases of injuries from hitting by heavy objects, 16 cases of fights and
assaults. The average ISS score was 26.5 points + 14.9 points, including 42 cases of combined brain trauma, 67 cases of
thoracic trauma, and 64 cases of spinopelvic or extremity fracture.

All the patients completed the relevant laboratory examination after admission in emergency room, including physical
exam, routine urinalysis for hematuria, serology for cardiac enzymes, blood lactate, liver and kidney function,
electrolytes, coagulation test, arterial blood gas analysis. All had emergency electrocardiogram, focused assessment with
sonography in trauma (FAST), head, chest, abdomen and pelvis rapid spiral computed tomography (CT) examination,
and extremity X-rays.

We identified that 46 patients were treated conservatively, accounting for 25% of the total cases. All of them were
managed successfully by conservative treatment alone. None of them switched to surgical treatment. The patient
demographics and outcomes are summarized in Table 1. The causes of peritonitis are listed in Table 2.
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Table 1 Patient demographics and outcomes

Characteristics OM (n=138) CM (n = 46) P value
Age (yr), mean + SD 4238 +15.75 40.30 £12.63 P=0418
Median (range) 38 (16-83) 39.5 (22-67) P =0.602
M/F 100/38 16/30 P <0.001
ISS score = SD 28.38 +8.99 2539+ 8.84 P=0.037
Hemodynamic instability 102 9 P <0.001
Spleen injury 38 26 P <0.001
Liver injury 18 8 P =0.305
Pancreas injury 4 5 P=0.045
Multiple abdominal solid organ injury 5 4 P =0.067
Bowel injury 106 3 P <0.001
ICU admission 138 31 P <0.001
Mortality 6 0 P =0.339

OM: Operative management; CM: Conservative management; SD: Standard deviation; M/F: Males/females; ISS: Injury severity score; ICU: Intensive care

unit.
Causes OM(n=138) CM (n=46)
Major abdominal visceral damage Major solid organ injury 60 0
Hollow organ perforation 106 0
Bleeding Minor injury to solid organs 0 43
Injury to vessels 16 3
Extra-abdominal injuries Multiple rib fractures 48 19
Anterior abdominal wall contusion 112 10
Low back fractures or soft tissue injuries 12 14
Pelvic fracture, pelvic hematoma, retroperitoneum hematoma 46 6

OM: Operative management; CM: Conservative management.

A case-by-case review of the 46 conservatively managed case revealed the following characteristics: For 15 cases with a
small amount of peritoneal effusion, ISS grade III or less, no definite visceral damage found, and no hemodynamic
instability, conservative treatment with close observation in emergency room was performed.

Thirsty-one cases with moderate peritoneal effusion, visceral damage or hemodynamic instability were admitted into
intensive care unit with close monitoring, open central venous access, active anti-shock treatment, and transfusion as
needed. These cases were under close observation of abdominal symptoms and signs and image studies were repeated if
clinically indicated.

The conservative management included fasting, gastrointestinal decompression, acid suppression, broad-spectrum
antibiotics against infection, and TPN nutritional support. Clinical and laboratory monitoring included frequent
assessment of clinical symptoms and signs, urine output, hemoglobin, hematocrit, and arterial blood gas analysis (every
six hour in first 24 h, at least daily for 3 d, and the interval of reexamination was increased after the condition was stable).
In addition to the FAST exam performed in emergency room, abdominal ultrasound or CT scan was repeated on the
second day after admission to confirm the peritoneal effusion and assess the progress of the injury, followed with another
ultrasound or CT 3-7 d post-admission. Patients were immobilized in a flat position and were guaranteed not to be at risk
for possible bleeding if moved. Emotional support was provided to relieve patient anxiety and sedatives were use when
necessary.

There was no conversion to surgical treatment in these 46 conservatively managed patients. All were discharged after
successful conservative treatment. The average hospital stay was 14 d. Patients were followed up after discharge. All
laboratory parameters were normal after 3 mo and repeated ultrasound and CT confirmed no obvious abnormal findings
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in the abdominal cavity.

DISCUSSION

The peritoneum is a very thin layer of serosa composed of mesothelial cells and divided into two parts, the parietal
peritoneum and the visceral peritoneum. The parietal peritoneum is mainly innervated by intercostal nerves and lumbar
nerves so it is sensitive to pain. When the peritoneum of the anterior abdominal wall is stimulated, it can cause reflex
abdominal muscle tension, called rigidity. It is pathognomonic for the diagnosis of peritonitis. Most peritonitis are treated
with surgical operation, especially secondary peritonitis, which is often caused by injury or perforation of abdominal
visceral organs[7].

In patient with multi-trauma, many second hits such as surgery and resuscitation are inappropriately applied, which
may trap these patients in a vicious cycle of lethal triad consisting of hypothermia, coagulopathy and metabolic acidosis
[8-10]. Therefore, damage control plays an increasing role in patient care for severe multiple trauma. The rational and
cautious application of damage control surgery is extremely important in patients with severe trauma, especially
abdominal injury. The current concept of damage control is applicable to all surgical specialties, and the core idea is to
consider surgery as part of the overall resuscitation process[11]. The consequences of excessive surgical intervention for
severely traumatized patients are dreadful[12]. Therefore, for multi-trauma patients with peritonitis, explorative
laparotomy must be minimized to alleviate the unnecessary damage caused by the second hit. The cause of peritonitis
must be clarified as soon as possible to decide on further treatment modalities.

The etiology of peritonitis in patients with multiple trauma is broadly classified into the following three conditions:
major abdominal visceral damage including major solid organ injury and hollow organ perforation, bleeding due to
minor injury to solid organs or vessels, and effect from extra-abdominal injuries[13]. Patients with major abdominal
visceral damage need to undergo surgical treatment. Most of them can be done by routine laparotomy. However, damage
control laparotomy should be performed if the patient condition requires. Peritonitis caused by bleeding due to minor
visceral damage such as liver and spleen damage in grade three or less organ damage, conservative treatment can be
performed to avoid the second hit caused by surgery[14,15]. Peritonitis caused by extra-abdominal injuries, including
pelvic fracture, pelvic hematoma, retroperitoneum hematoma, frequent reassessment and repeated image studies should
be performed[16,17].

In addition, symptoms from some extra-abdominal injuries can mimic peritonitis[18]. Multiple rib fractures especially
of the lower quarter ribs can commonly cause abdominal pain and abdominal muscle tension. Low back fractures or soft
tissue injuries can stimulate the lumbar nerves, resulting in extensive anterior abdominal wall tension and tenderness.
Anterior abdominal wall contusion especially intramuscular hemorrhage can present as localized abdominal pain and
tenderness. These symptoms and signs can be misleading. Surgeons need to be caution to not rush to surgical exploration
and always have these in the differential diagnoses when assessing multi-trauma patients. In the absence of definitive
evidence of intra-abdominal visceral injury, patients need to be closely observed for changes in clinical symptoms and
signs, ancillary tests, and image. To our knowledge, these “pseudoperitonitis” has not been well studies and reported.

In this study, we retrospectively reviewed a total of 184 cases of multi trauma induced peritonitis with 46 cases treated
conservatively. Under the guidance of damage control concept, these patients avoided unnecessary damage from
exploratory surgery, eliminated the risk of surgical complications, and achieved good therapeutic outcomes.

CONCLUSION

Therefore, we conclude that for multi trauma patients with peritonitis, if there is no definite evidences for severe intra-
abdominal visceral organ damage and patients are hemodynamically stable, conservative treatment is safe and beneficial.
We recommended that conservative treatment of traumatic peritonitis should be attempted in centers with experienced
surgeons, capability for precise diagnosing (ultrasound, CT, and magnetic resonance imaging), ample medical staff and
equipment for uninterrupted close monitoring, and instant accessibility to operation.

ARTICLE HIGHLIGHTS

Research background
With damage control plays an increasing role in patient care for severe multiple trauma, the concept of mandatory
laparotomy in treating traumatic peritonitis has been increasingly questioned recently.

Research motivation
By reveiwing the treatment modalities and outcomes of patients with multiple injury induced traumatic peritonitis, we
propose the indications and share the experience of conservative managment of multi-trauma induced peritonitis.

Research objectives
To review the outcomes of conservative management of traumatic peritonitis and explore the indications for managing it
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conservatively.

Research methods
A retrospective review was performed on a total of 184 patients with multiple injury induced traumatic peritonitis.

Research results
Out of 184 patients with multiple injury induced traumatic peritonitis, 46 of them underwent conservative treatment.
None of the conservatively managed patients switched to surgical treatment and all of them fully recovered.

Research conclusions

In hemodynamically stable patients with traumatic peritonitis, conservative management is safe, effective, feasible, and
beneficial if there is no definite evidence of severe abdominal visceral organ injury.

Research perspectives
We aim to seek collaborations from other institutions to conduct a multi-center study to further explore conservative
management of multiple injury induced traumatic peritonitis.
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Abstract

BACKGROUND
Emergency sepsis is a common and serious infectious disease, and its prognosis is
influenced by a number of factors.

AIM

To analyse the factors influencing the prognosis of patients with emergency sepsis
in order to provide a basis for individualised patient treatment and care. By
retrospectively analysing the clinical data collected, we conducted a compre-
hensive analysis of factors such as age, gender, underlying disease, etiology and
site of infection, inflammatory indicators, multi-organ failure, cardiovascular
function, therapeutic measures, immune status and severity of infection.

METHODS

Data collection: Clinical data were collected from patients diagnosed with acute
sepsis, including basic information, laboratory findings, medical history and
treatment options. Variable selection: Variables associated with prognosis were
selected, including age, gender, underlying disease, etiology and site of infection,
inflammatory indicators, multi-organ failure, cardiovascular function, treatment
measures, immune status and severity of infection. Data analysis: The data
collected are analysed using appropriate statistical methods such as multiple
regression analysis and survival analysis. The impact of each factor on prognosis
was assessed according to prognostic indicators, such as survival, length of stay
and complication rates.

RESULTS
Descriptive statistics: Descriptive statistics were performed on the data collected
from the patients, including their basic characteristics and clinical presentation.

CONCLUSION
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Type 2 diabetes mellitus were independent factors affecting the prognosis of patients with sepsis.

Key Words: Platelet count; Length of ICU stay; Mechanical ventilation; Abdominal infection; Combined coronary artery
disease
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INTRODUCTION

Sepsis is a life-threatening condition caused by a dysregulated host response to infection resulting in organ dysfunction
and is a common high mortality syndrome[1-5]. With the treatment of underlying infections, optimisation of organ
perfusion is the mainstay of sepsis treatment, including the use of intravenous fluids and antihypertensive agents. The
heart is one of the key organs involved in sepsis, and myocardial injury and cardiac insufficiency including diastolic and/
or systolic dysfunction often occurs in patients with sepsis and is a significant cause of death in septic patients[6,7].
Diastolic dysfunction in sepsis is associated with fluid resuscitation in septic patients, and elevated left ventricular filling
pressures are strongly associated with mortality[8,9]. With the development of haemodynamic monitoring and cardiac
ultrasound technology, the American Society of Echocardiography revised the definition of diastolic dysfunction in 2009,
but operational measurement is often difficult due to the complexity of its measurement and the frequent occurrence of
arrhythmias such as tachycardia or atrial fibrillation in critically ill patients. The ratio of peak early mitral diastolic flow
velocity to early mitral annular diastolic motion velocity (E/e') is commonly used to reflect elevated left heart filling
pressures and is easily measured in critically ill patients. Based on a simplified classification of diastolic function in sepsis
[10], the aim of this study was to investigate the factors that influence the prognosis of patients with sepsis according to
their clinical characteristics and to provide a theoretical basis for the prognosis of patients with sepsis. It is reported as
follows.

Age: Age is an important prognostic factor, with older patients usually having a poorer prognosis. Gender: Gender
may have an impact on prognosis, as women usually have a better prognosis than men. Underlying disease: Patients with
some chronic diseases (e.. diabetes, heart disease, kidney disease, etc.) usually have a poorer prognosis[11-17]. Etiology
and site of infection: Different sites and causes of infection may have different prognostic implications. Certain sites of
infection (e.g. bloodstream infection) may have a poorer prognosis. Inflammatory indicators: Abnormal levels of inflam-
matory indicators (e.g. C-reactive protein, white blood cell count, calcitoninogen, etc.) are associated with prognosis.
Higher inflammatory markers are usually associated with a poorer prognosis. Multi-organ failure: Multi-organ failure is
one of the complications of severe sepsis and has a significant impact on prognosis[18-26]. Cardiovascular function:
Instability of cardiovascular function is associated with prognosis. Hypotension and arrhythmias may predict a poorer
prognosis. Therapeutic measures: Early and appropriate therapeutic measures, such as antibiotic therapy and
haemodynamic support, are essential for prognosis. Inmune status: Patients with impaired immune function (e.g.
immunosuppressant users, HIV-infected patients, etc.) usually have a poorer prognosis. Severity of infection: The severity
of the infection and the level of sepsis scoring systems (e.g. SOFA score, APACHE II score) are associated with prognosis.
These are only some of the possible factors, and the specific influences will also depend on the study design, patient
sample and data availability. When conducting specific analyses, statistical methods such as multiple regression analysis
and survival analysis can be used to determine which factors have the most significant impact on prognosis.

MATERIALS AND METHODS

General information

Retrospective analysis of the clinical data of 102 patients with sepsis in the emergency care unit [collectively referred to as
intensive care unit (ICU)] of our hospital from May 2018 to April 2023. (1) Inclusion criteria: Meeting the latest diagnostic
criteria of sepsis 3.0 promulgated by the American Society of Critical Care Medicine and the European Society of Critical
Care Medicine in 2016, with a SOFA score > 2 (a baseline SOFA score of 0 was suspiciously assumed for patients with
unknown underlying organ dysfunction); and (2) Exclusion criteria: (I) those who died of disease within 48 h of diagnosis
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of sepsis and septic shock; (II) acute coronary syndrome, malignant arrhythmias; (III) unclear ultrasound images; (IV)
advanced malignancy; and (V) post-cardiopulmonary resuscitation. Patients were divided into a death group and a
survival group according to their clinical outcome in hospital. The study was approved by the hospital ethics committee.

Methodology

Clinical data such as age, gender, body mass index, comorbidities, laboratory tests such as white blood cell count, platelet
count, blood creatinine value, blood potassium, glutamate transaminase, classification of the source of infection, duration
of ICU stay, acute physiology and chronic health evaluation (APACHE II), sequential organ failure (SOFA) score, and the
application of tissue Doppler imaging to determine peak mitral valve diastolic velocity (E) and mitral annular diastolic
velocity (SOFA). APACHE II, sequential organ failure (SOFA) score and the use of tissue Doppler imaging to determine
peak mitral valve early diastolic flow velocity (E), early mitral annular motion velocity (e') and E/e'.

Observation indicators

The clinical data of the patients were analysed and classified according to their cardiac function as normal cardiac
function, abnormal systolic function (LVEF < 50%), diastolic dysfunction, and systolic and diastolic dysfunction. Diastolic
dysfunction is graded according to the simplified method: e' < 8 and E/e'. Diastolic dysfunction gradeI: e' <8 and E/e' <
8, diastolic dysfunction grade II: e' < 8 and 8 < E/e' < 13, diastolic dysfunction grade III: e' < 8 and E/e' 2 13. Analyse the
factors affecting the prognosis of patients with sepsis.

Statistical treatment

SPSS 25.0 software was used for statistical analysis of the data obtained. The measurement data conforming to normal
distribution were expressed as (mean * SD) and compared by f-test; the measurement data conforming to non-normal
distribution were expressed as M(P25, P75) and the rank sum test was used for comparison between groups. Statistical
data were expressed as rates (%), and comparisons were made using the X? test. Variables with statistically significant
differences in univariate analysis were introduced into a binary logistic regression model for multivariate analysis.
Differences were considered statistically significant at P < 0.05.

RESULTS

Analysis of the patient's clinical data

The study included 102 patients with sepsis, 60 males and 62 females; age 30-87 years, mean (61.69 + 8.78) years; 63
patients were mechanically ventilated by tracheal intubation; APACHE II score 16-33, mean (24.38 + 3.20); SOFA score 7-
17, mean (12.27 + 1.95) points. There were 46 cases in the death group and 56 cases in the survival group.

Univariate analysis of factors

Affecting the prognosis of septic patients comparing E, e, platelet count, creatinine maximum, SOFA score, ICU length of
stay, cardiac function classification, abdominal infection, mechanical ventilation, type 2 diabetes and coronary artery
disease in both groups were statistically significant (P < 0.05), Tables 1-3.

Multi-factor analysis of variables
Affecting the prognosis of patients with sepsis Multi-factor analysis of variables that were significant in the univariate
analysis was performed, where E, platelet count, duration of ICU stay, abdominal infection, mechanical ventilation, type

2 diabetes and coronary heart disease were independent influencing factors on the death of patients with sepsis (P < 0.05),
Table 4.

DISCUSSION

Myocardial injury due to sepsis was previously thought to refer specifically to myocardial systolic dysfunction; however,
recent studies have shown that myocardial injury in sepsis can manifest as different types of cardiac dysfunction, such as
left ventricular diastolic dysfunction, left ventricular systolic dysfunction, and that the different types of cardiac
dysfunction can coexist with each other. Both left ventricular diastolic dysfunction and systolic dysfunction are predictors
of mortality in patients with sepsis compared with patients with normal cardiac function[27-31]. The author classified
diastolic dysfunction into classes I, II and III based on a simplified classification of diastolic function in sepsis, based on
the E/e' ratio. This is more consistent with previous studies reported.

There are limited invasive methods of measuring cardiac diastolic function in patients with sepsis. e/e' correlates well
with left ventricular end-diastolic pressure in patients with sepsis[32-35]. In this study, a univariate analysis of cardiac
function grading revealed a statistically significant difference (P < 0.05) when comparing cardiac function grading
between the surviving and deceased groups, but a multifactorial logistic regression analysis failed to show a statistically
significant difference, a study that appears to contradict the results of recent studies. The author considers that the
reasons for the inconsistent findings may be related to the small sample size of this study, case selection bias, timing of
cardiac ultrasound assessment, simplified version of the diastolic function definition, and treatment received.
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Table 1 Univariate analysis of factors affecting the breath parameters of patients

Left ventricular end-diastolic internal Left ventricular end-systolic internal , e'
Group . . E (m/s) Ele
diameter (mm) diameter (mm) (cmls)
Survival group (1~ 49.30 £ 3.57 33.78 £3.43 084 (0.67, 8.67(725 887z
=56) 1.08) 11.56) 2.37
Death group (n=  49.03+3.37 3417 £3.44 079 (0.63, 885(692, 841z
46) 1.01) 11.50) 248
t/Z/X? values 0.84 1.23 248 0.05 2.10
P value >0.05 >0.05 <0.05 >0.05 <0.05
Table 2 Univariate analysis of factors affecting the fundamental factor of patients
Body mass index White blood cell count (x10° Platelet count (x10° Admission creatinine
Group Age (yr) ,
(kg/m?) IL) IL) (mg/dL)
Survival group (1= 61.96 + 2492 +3.15 14.70 £ 3.58 179.43 £ 53.19 0.88 (0.68,1.13)
56) 8.16
Death group (n =46) 6131+ 24.68 £3.36 14.57 +3.40 169.55 £ 49.70 0.94 (0.70, 1.20)
9.60
t/Z/X? values 0.78 0.82 0.41 2.09 1.50
P value >0.05 >0.05 >0.05 <0.05 >0.05

Table 3 Univariate analysis of factors affecting the blood system parameters of patients

Group Creatinine maximum Blood potassium Glutathione transaminase  Lactic acid SOFA score
(mg/dL) (mmol/L) (UlL) (mg/dL) (Points)

Survival group (1= 1.43 (0.93,2.18) 475+0.63 34.00 (26.00, 43.00) 51.88 (39.39,78.79) 12.12+1.87

56)

Death group (n=  1.67 (1.12, 2.67) 476 +0.58 34.00 (25.00, 44.75) 53.80 (39.39, 71.82) 12.48 +2.04

46)

t/7/ X2 values 2.88 0.16 0.61 0.64 2.00

P value <0.05 >0.05 >0.05 >0.05 <0.05

Table 4 Multifactorial analysis affecting the prognosis of patients with sepsis

Factors B S.E. Wald values P value OR value 95%Cl

E -1.949 0.769 6.416 0.011 0.142 0.032, 0.643
Platelet count -0.005 0.003 4.440 0.035 0.994 0.989, 0.999
Abdominal infection 0.788 0.288 7.499 0.006 2.200 1.251, 3.868
Mechanical ventilation 3.481 0.305 130.130 0.000 32491 17.866, 59.089
ICU length of stay -0.082 0.020 16.925 0.000 0.921 0.886, 0.958
Type 2 diabetes 0.783 0.391 4.001 0.045 2.187 1.016, 4.708
Coronary heart disease 1.727 0.682 6.421 0.011 5.624 1.479, 21.387

ICU: Intensive care unit.

CONCLUSION

The results of this study showed that E, platelet count, days of ICU stay, abdominal infection, mechanical ventilation,
type 2 diabetes mellitus and coronary heart disease were independent factors influencing death in patients with sepsis (P
< 0.05). Patients in the survivor group had longer ICU stays than those in the death group, and the analysis may be
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related to factors such as receiving haemodialysis. Small retrospective studies suggest that early initiation of continuous
renal replacement therapy may improve clinical acute kidney injury in septic patients.

ARTICLE HIGHLIGHTS

Research background
Emergency sepsis is a common and serious infectious disease, and its prognosis is influenced by a number of factors.

Research motivation
The aim of this study was to analyse the factors influencing the prognosis of patients with emergency sepsis in order to
provide a basis for individualised patient treatment and care. By retrospectively analysing the clinical data collected.

Research objectives

We conducted a comprehensive analysis of factors such as age, gender, underlying disease, etiology and site of infection,
inflammatory indicators, multi-organ failure, cardiovascular function, therapeutic measures, immune status and severity
of infection.

Research methods

Clinical data were collected from patients diagnosed with acute sepsis, including basic information, laboratory findings,
medical history and treatment options. Variable selection: Variables associated with prognosis were selected, including
age, gender, underlying disease, etiology and site of infection, inflammatory indicators, multi-organ failure,
cardiovascular function, treatment measures, immune status and severity of infection. Data analysis: The data collected
are analysed using appropriate statistical methods such as multiple regression analysis and survival analysis. The impact
of each factor on prognosis was assessed according to prognostic indicators, such as survival, length of stay and
complication rates.

Research results
Descriptive statistics were performed on the data collected from the patients, including their basic characteristics and
clinical presentation.

Research conclusions
Type 2 diabetes mellitus were independent factors affecting the prognosis of patients with sepsis.

Research perspectives
The impact of each factor on prognosis was assessed according to prognostic indicators, such as survival, length of stay
and complication rates.
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Abstract

BACKGROUND
Malignant peripheral nerve sheath tumor (MPNST) is a rare and aggressive soft
tissue sarcoma that poses a major diagnostic and therapeutic challenge.

CASE SUMMARY

We retrospectively reviewed patients with head and neck MPNSTs treated in our
hospital from 2000 to 2021. The clinical features, pathological manifestations,
treatments, and prognoses were summarized. We also reviewed the literature,
focusing on MPNST in the mandible and maxilla. The study population consisted
of five women and five men aged 22-75 years (mean age, 49 years). Of the 10
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patients, 7 were initial cases and 3 were recurrent cases. All lesions were sporadic. The most common site was the
mandible. The most frequently encountered symptoms were a progressive mass and local swelling. Complete or
partial loss of trimethylation at lysine 27 of histone H3 (H3K27me3) was evident on staining in four of nine cases
(one case was excluded due to lack of tissue for evaluation of loss of H3K27me3). The 2- and 5-year disease-specific
survival rates were 86% and 43%, respectively. The average survival time was 64 mo.

CONCLUSION
MPNST is a highly malignant tumor with a poor prognosis, prone to a high risk of recurrence and distant
metastasis. Complete surgical resection is the main treatment.

Key Words: Malignant peripheral nerve sheath tumor; Head and neck; Treatment; Intraosseous; Surgery; Case report
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Core Tip: We retrospectively reviewed patients with head and neck malignant peripheral nerve sheath tumors treated in our
hospital from 2000 to 2021. The study population consisted of five women and five men aged 22—75 years (mean age, 49
years). The 2- and 5-year disease-specific survival rates were 86% and 43%, respectively. The average survival time was 64
mo. Complete or partial loss of trimethylation at lysine 27 of histone H3 (H3K27me3) was evident on staining in four of
nine cases (one case was excluded due to lack of tissue for evaluation of loss of H3K27me3).
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INTRODUCTION

Malignant peripheral nerve sheath tumor (MPNST) is an uncommon and aggressive tumor that arises from the cells of
peripheral nerve sheaths. The most common anatomical sites are the trunk, extremities, and retroperitoneum. The head
and neck region accounts for only 2%-9% of cases[1,2]. The clinical presentation of head and neck MPNST includes a
rapidly enlarging mass, radicular pain or paresthesia, and neurological defects that depend on the anatomical sites
involved[1]. Almost half of all cases are caused by defects in the neurofibromatosis type 1 gene located on chromosome
17; fewer than 10% of cases are radiation-induced (post-radiation sarcomas); the rest are sporadic cases of unknown
etiology[3,4]. Histologically, MPNST is a spindle cell sarcoma arising from peripheral nerves, and varies in terms of nerve
sheath differentiation; MPNST has been considered as a neurogenic sarcoma, neurofibrosarcoma, malignant schwannoma
[1,5]. Most MPNSTs exhibit a tightly packed, stripe-like proliferation of spindle cells, which often complicate the
diagnosis for pathologists. It is difficult to differentiate MPNSTs from other spindle cell sarcomas. The level of 5-100
expression ranges from 50% to 70%, and is usually focal. In general, more primitive tumors are also more malignant, and
are associated with low levels of S-100. Recent studies found that various components of polycomb repressive complex 2
(PRC2) are inactivated in most MPNSTs. Homozygous PRC2 inactivation leads to loss of H3K27me3 (as revealed by
immunohistochemical analysis), which may be a new immunohistochemistry marker for MPNST[6-9].

MPNST is a high-grade malignant tumor with a high recurrence rate. The local recurrence rate is almost 50%, and 33%
of patients develop bone and lung metastases[1,10]. Similar to most soft tissue sarcomas, wide excision is the main
treatment; the utility of adjuvant radiotherapy and chemotherapy remains controversial[l]. In line with the high
malignancy, the 5-year overall survival rate is only 20%-51%[3,11,12].

Here, we report on 10 MPNST cases, including 4 in the mandible and one in the maxilla, treated at our institution over
a 20-year period. Immunohistochemical evaluation of H3K27me3 was conducted. We also review the literature with a
focus on intraosseous MPNST in mandible and maxilla.

CASE PRESENTATION

Chief complaints
Case 1: A 62-year-old woman was referred to our hospital with a chief complaint of pigmented gingival lesions of the left
anterior maxilla.

Case 2: A 28-year-old woman had a 6-mo history of a left mandibular gingival mass.
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History of present illness

Case 1: The pathological diagnosis was an oral melanotic macule with increased melanocyte activity (Figure 1A). Two
years later, clinical examination revealed a mild asymptomatic swelling on the anterior maxilla and two swollen lymph
nodes on each side of the neck.

Case 2: The mandibular mass was located in the region of the 1% premolar to 1st molar teeth. The cortex of the buccal side
was not continuous and the soft tissues of the cheek and tongue side were thickened.

Personal and family history
Case 1 and Case 2: Personal and family history denies the family history of genetic disease.

Laboratory examinations
Case 1 and Cases 2: Laboratory examinations reveal nothing abnormal.

Imaging examinations
Case 1: Computed tomography (CT) revealed a soft tissue mass in the anterior maxilla involving the surgical defect in the
incisor region (Figure 1B).

Case 2: CT revealed a poorly-defined lytic lesion in the left mandible.

Clinicopathological characteristics

The clinical characteristics of the 10 patients are presented in Table 1; there were 7 de novo cases and 3 recurrences. No
patient had a history of NF1 syndrome or radiotherapy before the first consultation. There were five male and five female
patients, ranging in age from 22 to 75 years (mean age = 49 years). The mandible was the most common anatomical site.
Other locations included the maxilla, gingiva, infratemporal fossa, and palate. The tumor size ranged from 1.5 to 4.5 cm
(mean size = 2.9 cm). The most common initial symptoms were a progressive mass and local swelling (10/10 cases),
sometimes accompanied by peripheral nerve symptoms including local pain or numbness (4/10 cases).

Morphologically, the tumors were composed predominantly of relatively monomorphic spindle cells arranged in
intersecting long fascicles. The lesional cells exhibited hyperchromatic ovoid nuclei, with inconspicuous nucleoli and
scant cytoplasm. MPNST is generally considered to be a high-grade sarcoma; in line with this, the mitosis score was
relatively high in the current study. Large cells exhibiting obvious pleomorphism, or multinucleated giant cells, were
found in three cases. Three other cases had areas of epithelial differentiation (Figure 2A-C). All cases evaluated with S100
staining were positive or focal positive, and melanotic markers such as HMB-45 and Melan-A were negative. H3K27me3
staining was evaluated immunohistochemically in the nine surgical cases; one of these (11.1%) exhibited complete
H3K27me3 loss, while three (33.3%) showed partial loss (Figure 2D-F).

Nine of the ten patients were initially treated via wide excision; the other patient was prescribed chemotherapy because
the tumor was too large to excise. Follow-up information was available for seven patients, who were followed-up for
13-216 mo (mean follow-up = 64 mo). Of these patients, four received both adjuvant radiotherapy and chemotherapy; the
remaining patient received radiotherapy only after surgery. Two patients developed local recurrence, and four distant
metastasis, within 2 years. Four patients died, while three patients remain under follow-up and are free from disease after
24, 28 and 74 mo, respectively. The 2 and 5-year disease-specific survival (DSS) rates were 86% and 43%, respectively.

FINAL DIAGNOSIS
Case 1 and Cases 2: Biopsies were used to diagnose MPNST.

TREATMENT

Case 1: The patient then underwent partial maxillectomy and radical neck dissection.

Case 2: The patient underwent wide mandibular resection and radical neck dissection, followed by adjuvant
radiotherapy and chemotherapy.

OUTCOME AND FOLLOW-UP

Case 1: Two years later, CT performed during regular follow-up revealed multiple pulmonary nodules; further
examination confirmed lung and bone metastases.

Cases 2: The patient has remained disease-free for 2 years.
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Figure 1 Clinicopathological characteristics of the patient in case 1. A: Clinical and pathological presentations of the patient during the first visit to our
hospital. A macular brown to black lesion was on the anterior maxillary gingiva and incisive foramen region (arrows). Histopathological image revealed the lesion was
black macule; B: Clinicopathological presentations of the patient during the second visit to our hospital. A multinodular mass was noted on the anterior maxillary
gingiva, and a local swelling was on the anterior to median portion of the palate. Coronal head computed tomography scan shows soft tissue masses in the front of
the upper jaw with unclear boundary. The masses involved the post-surgical defect in the incisor region and there was lytic destruction of the underlying bone
(arrows). Enlarged lymph nodes and the gross specimen of the lesion after the surgery. H&E characteristics of the case confirmed the diagnosis was malignant
peripheral nerve sheath tumor. Tumor cells show partial loss of H3K27me3 and positive stain for S-100, SOX10, nestin, and negative stain for HMB-45. The Ki-67

Guieidenge WICC | https://www.wjgnet.com 5913 September 6,2023 | Volumel1l | Issue25 |



Li L et al. MPNST in head and neck

index is about 10%. Scale bar: 250 um (A), 50 pm (B).
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Figure 2 Histological characteristics of malignant peripheral nerve sheath tumor (MPNST) and immunohistochemical analysis of
H3K27me3 in MPNST sections. A: The lesion cells display predominantly spindle in an architectural pattern; B: The cells are enlongated and tends to be
hyperchromatic with scant cytoplasm; C: There is severe cytologic atypia and nuclear pleomorphism, with focally brisk mitotic activity; D: Complete loss of H3K27me3
expression on sections. Staining of blood vessels and inflammatory cells is the internal positive controls; E: Partial loss of H3K27me3 expression on the section; F:
Strong expression of H3K27me3 is retained in some MPNST cases. Scale bars: 50 um.

DISCUSSION

MPNST is an infiltrating and aggressive tumor of neural origin[13]. Although head and neck MPNSTs are histologically
similar to MPNSTs in other regions, there are important clinical differences. Patel et al[3] performed a comparative
analysis based on the SEER database. The mean age of head and neck MPNST patients was 49.1 years, compared to 46.1
years for patients with MPNSTSs in other regions. The former group showed a male predilection (60.2%) while a sex
predilection for females (54.2%) in the latter group. Also, the average tumor size of the former group was smaller than in
the latter group. The mean age and average tumor size of our patients are consistent with these observations, but we
observed no gender differences. This may reflect regional differences among our relatively small sample. MPNSTs
develop sporadically, rather than in association with NF-1, in the head and neck region. Ma et al[2] reported that 69.8%
(30/43) of MPNSTSs were sporadic[14]. None of our cases had a history of NF1 syndrome or malignant transformation
after radiotherapy, suggesting that they were all sporadic.

Previous studies found that primary intraosseous MPNST was rare[15]. We report four cases in the mandible and one
case in the maxilla in this study; our review of the English language literature revealed 48 cases of primary intraosseous
MPNST including 27 such cases in the mandible and 21 such cases in the maxilla. In the mandible, Ma et al[2] reported
five patients, of whom three suffered recurrences. The other 22 cases were single cases; the clinical data of these cases, and
our four cases, are shown in Supplementary Table 1[15-26]. Among the 26 patients, there were 19 women and 7 men,
ranging in age from 4.5 to 76 years [mean age = 33 years (data were unavailable for three patients)]. One patient had a
history of NF1 syndrome, and seventeen did not (data were unavailable for five patients). In the maxilla, Ma et al[2]
reported 12 patients, of whom seven suffered recurrences. The other 9 cases were single cases; the clinical data of these
cases, and our case, are shown in Table 2[19,27-34]. Among the 10 patients, there were 5 women and 5 men, ranging in
age from 12 to 65 years (mean age = 44 years). Two patients had a history of NF1 syndrome, and six did not (data were
unavailable for two patients). These datas revealed that MPNST in the mandible was more common in women than men,
and there were no differences in the maxilla. Most of the patients had no history of NF1 syndrome in both mandible and
maxilliary.

Given the lack of unique histological criteria and a specific immunoprofile, diagnosing MPNST can be very cha-
llenging. Some tumors have morphological features that overlap with those of MPNST, including fibrosarcomas and
leiomyosarcomas; differential diagnosis is therefore essential. Fibrosarcomas have a simple structure, and are rich in
collagen and S-100-negative onimmunohistochemistry. Leiomyosarcoma cells exhibit vacuoles around nuclei; the lesions
develop in tissues and organs rich in smooth muscle, and stain positively for desmin and smooth muscle actin. When
epithelioid cells predominate, MPSNT must be distinguished from malignant melanoma and epithelioid sarcoma. The
lesion site of malignant melanoma is more superficial than that of MPSNT; moreover, the cell morphology is more
irregular, and the nucleus is larger and more intenselystained. Melanomas stain positively for HMB45 and Melan-A.
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Table 2 A review of malignant peripheral nerve sheath tumor cases arising in the maxilla

Ref. Patients (n) Sex Age Treatment  Follow-up (mon) Recurrence NF association
Kameyama et al[27], 1987 1 F 61 / / / No
Urade et al[28], 1990 1 F 47 S+R+C 22 Died of disease No
Che et al[19], 2006 1 F 13 R / / No
Patil ef al[29], 2007 1 M 45 / / No
Janardhanan et al[30], 2011 1 M 40 S / Died of disease Yes
Ali et al[31], 2011 1 M 5 R 8 No /
Tamgadge et al[32], 2014 1 M 65 / / / No
Neetha et al[33], 2004 1 F 12 R / / /
Muraki et al[34], 1999 1 M 43 R+C 20 Died of disease Yes
Present study 1 F 62 S+R+C 28 Yes No

S: Surgery; R: Radiotherapy; C: Chemotherapy; NF: Nuclear factor.

Epithelioid sarcomas are typical granulomas with many collagen fibers, and stain negatively for neuron-specific enolase.

Recent studies have shown that loss of H3K27me3, as revealed by immunohistochemical staining, was described in
MPNST.The complete loss rate ranges from 34% to 84%[9,35-42]. Among our patients, 11.1% (n = 1) of the MPNST cases
showed complete loss of H3K27me3, while 33.3% (n = 3) showed partial loss. Thus, the H3K27me3 Loss rate was lower
than reported previously, perhaps reflecting differences among histological subgroups. Lyskjaer et al[43] found that 76%
of MPNSTSs with classical histological features had lost H3K27me3, compared to only 23% of MPNSTs with heterologous
elements or low-grade components. The complete loss rate of the epithelioid MPNST subtype was 0%.

Patel et al[3] reported that the 5-year head and neck MPNST DSS rate was 65.1%, based on analysis of the SEER
database. Similar studies from single institutions reported 5-year DSS rates of 30% and 20%, and a 2-year DSS rate of 21%
[14,44]. In our study, the 2- and 5-year DSS rates were 86% and 43%, respectively. Local recurrence and distant metastasis
exerted a major influence on DSS. In our study, 43% (3/7) of patients developed local recurrence; two of these patients
died and the other one was lost to follow-up. In total, 57% (4/7) of the patients developed distant metastases and 75%
died. Both of the patients without local recurrence or distant metastasis are still alive. Other studies revealed that tumor
size, stage, and surgical resection significantly influenced DSS[1,2].

Radical surgical resection is the mainstay of MPNST treatment[44,45]. In our study, 9 of 10 patients underwent wide
excision; in the remaining case, the tumor was too large to excise. Adjuvant therapies, such as radiotherapy and
chemotherapy, are now prescribed for MPNST patients. Some studies have suggested that radiation should be routine to
improve survival and decrease the risk of recurrence[44,46]. Chemotherapy has been prescribed for those with large or
recurrent tumors, but any role for chemotherapy as an MPNST treatment remains controversial[2]. In our study, both
radiation and chemotherapy were prescribed for four patients, and radiation only for one. As our study included a
relatively small number of cases, larger series are needed to validate the results.

CONCLUSION

In summary, MPNST is an uncommon and aggressive soft tissue sarcomas and the head and neck MPNST is extremely
rare. Clinical and pathological characteristics of MPNST are not significant. The patients are with poor prognoses and
associated with a high risk of recurrence and distant metastasis. Complete surgical resection is the main treatment.
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Table 1 Clinicopathological characteristics of malignant peripheral nerve sheath tumor arising in the head and neck

Case Sex/age Location Size Treatment Recurrence (site)  Survival Follow-up H3K27Me3
(cm) (months)
1 F/62 Anterior maxilla 2.5 S+R+C DR (lung, bone) Yes 28 Positive
2 F/28 Left mandible 3 S+R+C NR Yes 24 Positive
3 M/22 Right submandibular region 2.5 S / / / Complete
loss
4 M/74 Gingival and the left cheek and left 2.5 S / / / Positive
temporal
5 F/48 Mandible 3 S+R+C LR, DR (lung) No 70 Positive
6 M/40 Left facial and upper left gingiva 3 S+R LR, DR (trunk, brain) No 216 Partial loss
7 F/40 Right mandible 3 S / / / Partial loss
8 F/44 The left inferior temporal fossa 4.5 R+C NR No 13 Partial loss
9 M/58 Right palat 1.5 S) NR Yes 74 /
10 M/75 Mandibular gingival 3 S| DR (lung, lymph No 24 Positive
node)

S: Surgery; R: Radiotherapy; C: Chemotherapy; LR: Local recurrence; DR: Distant recurrence; NR: No recurrence.
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Abstract

BACKGROUND

Synchronous multiple lung cancers are rare and refer to the simultaneous
presence of two or more primary lung tumors, which present significant challen-
ges in terms of diagnosis and treatment.

CASE SUMMARY

We report a case of multiple synchronous lung cancers with hilar lymph node
metastasis of small cell carcinoma of unknown origin in a 73-year-old man.
Transbronchial lung biopsy revealed squamous cell carcinoma. Although
enlargement of lymph node 12u was detected, no distant metastases were
observed. The patient was preoperatively diagnosed with T1cNOMO and
underwent thoracoscopic right upper lobectomy with nodal dissection (ND2a).
Based on histopathological findings, the primary lesion was squamous cell
carcinoma. A microinvasive adenocarcinoma was also observed on the cranial
side of the primary lesion. Tumors were detected in two resected lymph nodes
(#12u and #11s). Both tumors were pathologically diagnosed as small cell
carcinomas. The primary lesion of the small cell carcinoma could not be identified
even by whole-body imaging; however, chemotherapy was initiated for hilar
lymph node metastasis of the small cell carcinoma of unknown origin.

CONCLUSION
Multiple synchronous lung cancers can be accompanied by hilar lymph node
metastasis of small cell carcinomas of unknown origin.

Key Words: Small cell carcinoma; Synchronous multiple lung cancers; Squamous cell
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Core Tip: Synchronous multiple lung cancer is relatively rare. We report a case of synchronous multiple lung cancers with
lymph node metastasis in the hilar region of a small cell carcinoma of unknown origin. Immunohistochemistry was helpful
in aiding the diagnosis. As such cases have a poor prognosis, an accurate diagnosis is necessary to determine treatment
options.
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INTRODUCTION

Synchronous multiple primary cancerous lesions are rare in patients with primary lung cancer[1]. Such lesions are
associated with a poorer prognosis than solitary lung cancer. Moreover, it is necessary to differentiate these lesions from
intrapulmonary metastases when these tumors exhibit the same histological type.

Furthermore, hilar and mediastinal lymph node metastases of unknown origin are rare in cases of small cell carcinoma
[2]. We report the rare case of a 73-year-old man with a preoperative diagnosis of squamous cell carcinoma of the lung
who underwent surgery and was found to have multiple synchronous cancers (squamous cell carcinoma and microin-
vasive adenocarcinoma) on histopathological examination. Additionally, the histological type of the hilar lymph node
metastasis was small cell carcinoma. To the best of our knowledge, a similar case study has not been reported previously.
Herein, we describe our case and review the relevant literature.

CASE PRESENTATION

Chief complaints
The patient had no subjective symptoms such as respiratory distress or chest pain. Computed tomography (CT) revealed
abnormal shadows in the chest.

History of present illness

The patient had been receiving treatment for diabetes mellitus; during a regular checkup, a mass shadow in the right
upper lung was observed on chest radiography. The lesions were closely examined, and the patient was diagnosed with
squamous cell carcinoma of the lung using bronchoscopy. Subsequently, the patient was referred to our department for
surgical resection.

History of past illness
The patient had a history of diabetes mellitus and hypertension, which were well-controlled. No other cardiac or
respiratory disease was observed.

Personal and family history
The patient’s family history was unremarkable. The patient had a history of smoking 20 cigarettes per day for 38 years
(20-58 years of age).

Physical examination upon admission
Physical findings on admission were as follows: Height, 169 cm; weight, 79.3 kg; body mass index, 27.8 kg/m?.
Respiratory sounds were evident in both lungs. Superficial lymph nodes were not palpable.

Laboratory examinations

The patient’s blood count was within the normal range. Blood glucose level was 177 mg/dL, and hemoglobin Alc level
was slightly elevated at 6.9%. No abnormal findings were observed for any other biochemical or coagulation marker.
Levels of tumor markers (carcinoembryonic antigen, cytokeratin 19 fragment, and pro-gastrin-releasing peptide) were not
elevated. Respiratory function tests and electrocardiograms revealed no abnormalities.
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Imaging examinations

Chest radiography revealed nodular shadows associated with the surrounding tightening of the right upper lung field
(Figure 1). Chest CT images (lung window) showed an irregularly shaped mass measuring 2.5 x 2.0 cm in the upper lobe
of the right lung and a slightly increased density on the cranial side (Figure 2A and B). CT (mediastinal window) also
revealed enlarged lymph nodes in the right hilar region (Figure 2C). Additionally, abdominal CT showed no findings
suggestive of metastasis, and magnetic resonance imaging revealed no evidence of brain metastasis. Fluorodeoxyglucose
(FDG) positron emission tomography showed FDG uptake, with a maximum standardized uptake value of approx-
imately 5.0, in the right upper lung field and right hilar region (Figure 3), indicating hilar lymph node metastasis of the
primary right upper lobe lung cancer.

FURTHER DIAGNOSTIC WORKUP

The specimen collected from the right upper pulmonary lobe during the transbronchial lung biopsy was histologically
diagnosed as squamous cell carcinoma.

Intraoperatively, thoracoscopic right upper lobectomy with nodal dissection (ND2a) was performed via a thoracotomy
of the fifth intercostal space. The lymph nodes around the truncus artery were enlarged, with strong adhesion. The
surgery time was 2 h 4 min, with 10 mL blood loss.

Upon examination of the resected specimen, a tumor measuring 3.0 cm X 2.5 cm X 2.5 cm on cut surfaces was detected
in segment 1 of the right upper pulmonary lobe. A lesion with a grayish-white area measuring 1.7 cm x 1.5 cm x 1.0 cm
was noted on the cranial side (Figure 4). The lobar bronchial lymph node (#12u) was enlarged to 2.9 cm x 2.8 cm x 2.1 cm.

Using hematoxylin-eosin (HE) staining, histopathological examination of the mass in the right upper pulmonary lobe
revealed nested and sheet-like growth of atypical cells with hyperchromatic pleomorphic irregularly-shaped nuclei. The
nuclei were centrally located, some cells had intercellular bridges, and focal keratinization was observed. These findings
were indicative of squamous cell carcinoma (Figure 5A). Immunohistochemical staining was positive for p40 (Figure 5B)
and negative for CD56, synaptophysin, and chromogranin A. Vascular and lymphatic invasion was observed. The
pathological diagnosis was pT1cNOMO (pStage IA3).

The cranial side of the tumor in the right upper pulmonary lobe showed lepidic growth of atypical cuboidal cells with
enlarged nuclei and eosinophilic cytoplasm (Figure 5C). Focal invasion measuring <1 mm was noted, indicating microin-
vasive adenocarcinoma; neither vascular nor lymphatic invasion was observed. The pathological diagnosis was
pT1aNOMO (pStage IA1). HE staining of a lobar bronchial lymph node (#12u) revealed solid and nested growth of
atypical cells with finely granular nuclear chromatin and scant cytoplasm. The tumor cells were less cohesive, with no
keratinization or intercellular bridges. Apoptotic cells and mitoses were frequently observed. These findings are
indicative of small cell carcinoma (Figure 5D). Immunohistochemical staining was positive for cytokeratin CAMb.2 and
negative for p40. A few tumor cells were positive for synaptophysin, chromogranin A, insulinoma-associated protein-1
(INSM1), and CD56. Micrometastases of small cell carcinoma were also observed in the lymph nodes of #11s. The
pathological diagnosis was pTXN1MO (Stage IIB).

FINAL DIAGNOSIS

The final diagnosis was synchronous multiple lung cancers (squamous cell carcinoma and microinvasive adenocar-
cinoma) with hilar lymph node metastasis of small cell carcinoma of unknown origin.

TREATMENT

The patient had no adverse events postoperatively and was discharged on the eighth postoperative day. One month later,
the patient received four courses of chemotherapy consisting of carboplatin [area under the curve (AUC), 5] and
etoposide (80 mg/m?) combination. No prophylactic cranial irradiation was administered.

OUTCOME AND FOLLOW-UP

There was no evidence of recurrence approximately 2 years after surgery. The patient was followed-up every 6 mo.

DISCUSSION

Although synchronous multiple lung cancers have been reported previously, they are relatively rare[1]. Martini and
Melamed[3] reported the following diagnostic criteria: (1) Each tumor exists independently; (2) Tumors exhibit different
histological types, or if they exhibit identical histological types, intrapulmonary metastasis can be ruled out based on the
presence or absence of carcinoma in situ, the extent of histodifferentiation, cellular subtypes, the extent of scar formation
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Figure 1 Chest radiograph (frontal view). Nodular shadows associated with the surrounding tightening are observed in the right upper lung field (arrow).

DOI: 10.12998/wjcc.v11.i25.5919 Copyright ©The Author(s) 2023.

Figure 2 Chest computed tomography findings. A: Chest computed tomography (CT) using the lung window showing slightly increased density in the
periphery (black arrow); B: Primary lesion detected using the lung window. An irregularly shaped mass measuring 25 mm is observed in the right upper pulmonary
lobe (black arrow); C: Chest CT using the mediastinal window revealing enlarged lymph nodes in the right hilar region (white arrow).

at the tumor core, and presence or absence of vascular invasion; and (3) Metastasis from other organ cancers can be ruled
out. The histological types are often identical. Squamous cell carcinoma is frequently reported in Japan, whereas
adenocarcinoma is common in the United States[4]. In the case of simultaneous multiple lung cancers, determining
whether these lung cancer foci are separate primary sites is relatively easy when histological examination reveals
differences in tumors[5]. However, it is difficult to differentiate between two tumors with similar morphologies[6]. To this
end, genetic analysis has recently become a widely used auxiliary diagnostic tool[7,8].

Cancer of unknown origin accounts for approximately 2%-5% of all cancers[9] and can manifest as lymph node
metastasis, accounting for approximately 30%-40% of these cases[10]. Cancer detection is even rarer owing to hilar
mediastinal lymph node metastasis. In many cases, the primary cancer is assumed to be located in the lungs. Adenocar-
cinoma is the most common histological type, whereas small cell carcinomas are rare[2]. Cases of synchronous multiple
lung cancers with hilar lymph node metastasis of small cell carcinoma of unknown origin are rare, as in the present case.
No such cases have been reported in the literature.

Synchronous multiple lung cancers must be differentiated from pulmonary metastases, extrapulmonary metastases,
infections, and benign nodules. In the present case, HE staining of the tumor in the right upper pulmonary lobe revealed
findings indicative of squamous cell carcinoma. Immunohistochemical staining was positive for p40, consistent with the
diagnosis of squamous cell carcinomal11]. Furthermore, the maximum invasion diameter of the tumor on the cranial side
was <1 mm, and the HE staining results indicated microinvasive adenocarcinoma. HE staining of the lobar bronchial
lymph nodes (#12u and #11s) indicated small cell carcinoma. Immunohistochemical staining results were negative for
p40; hence, squamous cell carcinoma was excluded. Synaptophysin, chromogranin A, INSM1, and CD56 were focally
positive, consistent with small cell carcinoma[12,13]. However, there was no evidence of a primary lesion indicative of
small cell carcinoma in the right upper pulmonary lobe. This may be explained as follows: the primary tumor site may be
the hilum, a lump of the tumor and lymph node mass may be formed, there may be minute primary lesions in sites that
were not collected as specimens, and the primary lesion may be in sites other than the right upper pulmonary lobe.
Squamous cell carcinoma is unlikely to transform into small cell carcinoma because squamous cell carcinoma contains no
small cell carcinoma components, the lymph nodes contain no squamous cell carcinoma components, and transformation
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Figure 3 Fluorodeoxyglucose positron emission tomography findings. Fluorodeoxyglucose uptake with a maximum standardized uptake value of
approximately 5.0 is observed in the right upper lung field (up arrow) and right hilar region (down arrow).

Figure 4 Resected specimen findings. In addition to the primary lesion, another lesion with a grayish-white area is noted on the cranial side (white arrows).

from squamous cell carcinoma to small cell carcinoma is rare.

Our patient received postoperative chemotherapy with four courses of carboplatin (AUC 5) and etoposide (80 mg/m?)
combination. When the histological types of tumors vary in multiple synchronous lung cancers, each tumor should be
evaluated and treated, regardless of the presence of other tumors. When tumors are in stages II or III, postoperative
chemotherapy is recommended[14]. However, no standard effective postoperative treatment regimen has been
established for stage I tumors, as in the present case. As our patient had hilar lymph node metastasis of small cell
carcinoma of unknown origin, postoperative chemotherapy was administered based on the treatment regimen for small
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Figure 5 Histopathological findings. A: Primary lesion in the right upper pulmonary lobe. The staining results indicate squamous cell carcinoma [hematoxylin-
eosin (HE) staining, Scale bar: 50 pm]; B: Primary lesion in the right upper pulmonary lobe. The immunohistochemical staining results are positive for p40 (Scale bar:
20 um); C: A lesion located on the cranial side of the primary lesion. The staining results indicate microinvasive adenocarcinoma (HE staining, Scale bar: 50 ym); D:
Lobar bronchial lymph node (#12u). The staining results indicate small cell carcinoma (HE staining, Scale bar: 50 um).

cell lung carcinoma, as stated in the National Comprehensive Cancer Network Clinical Practice Guidelines in Oncology
(NCCN Guidelines®). Approximately 2 years postoperatively, there was no evidence of recurrence.

When multiple synchronous lung cancers are accompanied by hilar lymph node metastasis, diagnosis and therapeutic
strategies vary according to the histological type of the tumor. Therefore, immunohistochemical staining is a valuable tool
for tumor differentiation. As in our case, the coexistence of synchronous multiple lung cancers with different histological
types and histologically different carcinomas of unknown origin is rare. Further investigation of such cases is required to
clarify this condition.

CONCLUSION

We present a case of multiple synchronous lung cancers with hilar lymph node metastasis of small cell carcinoma of
unknown origin. Immunohistochemical staining proved to be a valuable diagnostic tool. In addition, synchronous
multiple lung cancers and cancers of unknown origin have poor prognoses; hence, an accurate diagnosis is necessary for
selecting postoperative adjuvant therapy.
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Abstract

BACKGROUND

Ischemic stroke is an entity with high incidence, morbidity, and mortality rates.
Carotid artery stenosis is an important and independent risk factor for ischemic
stroke. The three current approaches for treating carotid artery stenosis are drug
treatment, carotid endarterectomy (CEA), carotid angioplasty and stenting (CAS).
The approach is chosen based on the degree of stenosis. CEA or CAS could have
been chosen for the current patient, who had severe carotid stenosis and an
iodinated contrast allergy. After thoroughly communicating with the patient, the
patient chose CAS for treatment. Therefore, we performed ultrasound-guided
CAS to avoid the use of iodinated contrast.

CASE SUMMARY

The main symptoms of the patient were numbness and weakness of the left limb.
Computed tomography angiography of the head and neck at another hospital
indicated multiple sites of stenosis in the arteries of the head and neck. The
patient requested CAS for treatment but was allergic to iodinated contrast media.
Thus, routine digital subtraction angiography (DSA) with iodinated contrast
could not be used for the procedure. The diagnosis of this patient was as follows:
(1) Right parietal lobe cerebral infarction; (2) multiple sites of stenosis in the
arteries of the head and neck (severe stenosis of the right internal carotid artery,
severe stenosis of the right subclavian artery); (3) right subclavian steal syndrome;
and (4) hypertension (stage 3, high risk). The interventions included routine
treatment for cerebral infarction, oral administration of clopidogrel (75 mg qd)
and aspirin (100 mg qd), ultrasound-guided CAS, and postoperative follow-up.
Postoperative color Doppler ultrasound and cerebrovascular magnetic resonance
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angiography of the carotid artery showed good vascular recovery, and the postoperative follow-up indicated a
good prognosis.

CONCLUSION

This case study suggests that ultrasound-guided endovascular treatment is a potential option for patients with
contraindications to the iodinated contrast agents used in DSA-guided surgery, although excellent surgical
operating skills are needed.

Key Words: Todinated contrast allergy; Ultrasound-guided; Gadolinium-based contrast agent; Carotid angioplasty and stenting;
Subclavian artery angioplasty and stenting; Digital subtraction angiography; Case report

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We report a case of patient who had severe stenosis of the right internal carotid artery and severe stenosis of the
right subclavian artery. The patient requested carotid angioplasty and stenting (CAS) for treatment but was allergic to
iodinated contrast media. Therefore, we performed ultrasound-guided CAS to avoid the use of iodinated contrast. Ultrasound
and magnetic resonance examination showed good vascular recovery, and the postoperative follow-up indicated a good
prognosis. The case suggests that for patients who are allergic to iodinated contrast media, ultrasound-guided CAS is a
feasible alternative.

Citation: Li L, Wang ZY, Liu B. Ultrasound-guided carotid angioplasty and stenting in a patient with iodinated contrast allergy: A case
report. World J Clin Cases 2023; 11(25): 5926-5933

URL: https://www.wjgnet.com/2307-8960/full/v11/i25/5926.htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i25.5926

INTRODUCTION

Ischemic stroke is a common life-threatening disease, with high morbidity and mortality rates in China. Carotid artery
stenosis is an important and independent risk factor for ischemic stroke. With the advancement of materials science,
interventional techniques, and imaging technology, as well as the application of distal protection devices, carotid
angioplasty and stenting (CAS) has been applied for the treatment of carotid artery stenosis, especially in high-risk
patients, to improve the blood supply of the intracranial artery and prevent the occurrence of stroke. The C-arm
fluoroscopy machine is the main equipment used in CAS. Iodinated contrast media is used in digital subtraction
angiography (DSA)-guided surgical operations, giving the interventional physician a way to observe local blood vessels
in real time in an intuitive way and facilitating successful treatment. However, CAS is not clinically applied in patients
with iodinated contrast allergy.

For this reason, with the approval of the Quality Management Committee of our hospital, we performed ultrasound-
guided CAS in a patient with a contrast agent allergy and achieved a good outcome. We report this case and review the
relevant literature.

CASE PRESENTATION

Chief complaints
A 55-year-old man was admitted to our hospital due to numbness and weakness of the left limb for a month.

History of present illness

The patient was admitted to a local hospital for numbness and weakness in his left limb for a month and was diagnosed
with cerebral infarction. After standard treatment, the patient felt that the numbness and weakness in his left limb had
improved. He occasionally felt weakness of the limb that would resolve spontaneously. Skin rash and shock developed
due to an allergic reaction to iodine when he was undergoing head and neck computed tomography angiography (CTA)
at the local hospital. The hospital’s management brought him out of the crisis. At that time, valuable head and neck artery
images were obtained that showed multiple sites of stenosis in cerebral arteries. To better solve this problem, he was
transferred to our hospital.

History of past illness
The patient reported well-controlled hypertension. He denied other systemic diseases such as diabetes, hyperlipidemia,
coronary heart disease, hepatitis, and tuberculosis.
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Personal and family history
The patient reported no smoking or drinking, and there was no special family history.

Physical examination

Physical examination showed the following: clear mind, fluent language, limb muscle strength level 5, and NIHSS score
0.

Laboratory examinations
There were no significant abnormalities in laboratory examinations.

Imaging examinations

Brain magnetic resonance imaging at our hospital showed multiple small patchy shadows on the right parietal lobe, most
of which were deemed cerebral infarctions (new onset). Head and neck CTA performed at the local hospital showed that
the V1 segment of the right vertebral artery was occluded, the lumen of the rest of the right vertebral artery was small,
and the proximal segment of the right subclavian artery (R-SCA) and the right carotid sinus were severely stenotic
(Figure 1G and Figure 2G-]). Carotid artery color Doppler ultrasound showed plaque formation in the bilateral common
carotid artery, internal carotid artery (ICA), artery-SCA, brachiocephalic artery, and right vertebral artery; stenosis in the
initial segment of the right internal carotid artery (R-ICAC1) (stenosis rate 80%) (Figure 2A) and initial segment of the R-
SCA (stenosis rate 80%) (Figure 1A), and R-SCA steal syndrome (partial). There was no obvious blood flow signal in the
initial segment of the right vertebral artery, suggesting occlusion.

FINAL DIAGNOSIS

The diagnosis of this patient was as follows: (1) Right parietal lobe cerebral infarction; (2) multiple sites of stenosis in the
arteries of the head and neck (severe stenosis of the right internal carotid artery, severe stenosis of the right subclavian
artery); (3) right subclavian steal syndrome; and (4) hypertension (stage 3, high risk).

TREATMENT

Routine treatment for cerebral infarction was given to the patient after admission. To treat the multiple stenoses of the
head and neck arteries, the patient and his family chose CAS (R-SCA, R-ICAC1) after fully understanding the available
options. However, routine endovascular therapy could not be performed due to his iodinated contrast agent allergy. The
interventional treatment team discussed the problem and decided to use ultrasound instead of iodinated contrast to
locate and visualize local cerebral blood vessels.Then, ultrasound-guided CAS of the R-ICAC1 and the R-SCA was
performed.

Oral clopidogrel (75 mg qd) and aspirin (100 mg qd) were administered before surgery. The surgical procedure was as
follows: (1) The operative fields for the right radial artery and right femoral artery were disinfected and draped. Under
local anesthesia, the Seldinger technique was used to puncture the right radial artery and right femoral artery with a 6-F
radial artery access sheath and an 8-F femoral artery access sheath, respectively; (2) Under the guidance of a 5-F pigtail
angiographic catheter, a 260-cm-long 0.035" guidewire was inserted from the right radial artery sheath to the right
femoral artery sheath. A snare was used to grab the tip of the 260-cm 0.035" guidewire out of the femoral artery sheath to
form a stable 0.035" stent placement track with both ends outside the body. A 10 mm % 25 mm Biotronik stent was
delivered to the beginning of the R-SCA through the femoral artery sheath over the 0.035" guidewire and deployed in a
proper position under ultrasound guidance (Figure 1E and F). Ultrasonography showed that the blood flow of the R-SCA
was significantly improved (Figure 1B and D) (the degree of stenosis changed from 80% to 30%) (Figure 1A and C). The
stent delivery system and the 260-cm 0.035" guidewire were withdrawn. The radial artery access sheath was removed,
and the access site was compressed for hemostasis; (3) An 8-F guide catheter was inserted into the right common carotid
artery over a 0.035" guidewire. Ultrasonography and radiography showed that the tip of the guide catheter was
positioned accurately (Figure 2E). Ultrasonography showed that the degree of stenosis of R-ICAC1 was approximately
80% (Figure 2A). Under ultrasound and X-ray guidance, the 5-mm eV3 embolic protection device (EPD) was placed at the
distal R-ICAC1 segment. A 6-8 mm x 40 mm eV3 self-expanding stent was placed in the stenotic site over the 0.014"
guidewire of the EPD and deployed when ultrasonography showed accurate positioning (Figure 2E and F). The degree of
residual stenosis was 30% (Figure 2C). The distal blood flow was significantly improved (Figure 2D). The stent delivery
system and the EPD were withdrawn. The femoral artery access sheath was removed, and the access site was compressed
for hemostasis at the end of the procedure; and (4) The patient's vital signs were stable during the operation, and no
particular discomfort was reported. Routine care for carotid artery stent implantation was given after surgery.

OUTCOME AND FOLLOW-UP

The patient was discharged without any symptoms or positive neurological signs and had an NIHSS score of 0. The
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Figure 1 Images before and after subclavian artery stent implantation. A: Ultrasound showing stenosis of the right subclavian artery (R-SCA) before
surgery; B: Ultrasound showing blood flow in the region of R-SCA stenosis before surgery; C: Ultrasound showing good stent shape of the R-SCA after surgery; D:
Ultrasound showing good blood flow in the region of R-SCA stent after surgery; E: X-ray showing the shape of the stent before stenting; F: X-ray showing the shape
of the stent after stenting; G: Computed tomography angiography showing severe stenosis of the R-SCA before surgery; H: Magnetic resonance angiography
showing good stent shape after surgery. R-SCA: Right subclavian artery.

follow-up carotid color Doppler ultrasound and cerebrovascular magnetic resonance angiography (MRA) showed normal
stent shape and function (Figure 1H and Figure 2K), and the patient's intracranial blood supply was restored (Figure 1D
and Figure 2D). Double antiplatelet therapy was continued for 6 mo after stent placement, and then single antiplatelet
therapy with clopidogrel was continued lifelong. After 2 years of follow-up, the patient's general condition was good, and
no stroke occurred (modified Rankin Scale (mRS) score 0).

DISCUSSION

Advantages and disadvantages of this case study

Advantages: The patient in this study was allergic to iodinated contrast media, which is an absolute contraindication for
CAS. In this case, the surgeon avoided the use of iodinated contrast and instead used ultrasound for stent positioning and
completion of the operation. Carotid artery color Doppler ultrasound and cerebrovascular MRA showed good vascular
recovery after the operation. According to relevant literature in China and abroad, ultrasound-guided interventional
therapy can now be applied to treat diseases including coronary artery disease, liver carcinoma, kidney disease, and
uterine fibroids. Among cerebrovascular treatments, ultrasound-guided interventional therapy is not common, but it is
technically safe and feasible. Reports about carotid artery occlusion and low-dose contrast media for patients with renal
insufficiency are available, but arterial stent implantation under ultrasound guidance has not been reported. Therefore,
this operation is a technical innovation and can be applied in patients with contraindications to iodinated contrast agents
for various reasons.

Shortcomings: The operation was successful because there were no complications or adverse events during the operation,
such as arterial wall damage, spasm, plaque detachment, thrombosis, or stent displacement. Moreover, balloon
predilation and postdilation were not performed (these can easily cause plaque detachment and embolism). Ultrasound
and fluoroscopy alone without contrast cannot be used to completely and accurately detect these unexpected conditions.
Therefore, DSA with contrast must be used to observe the local and distal conditions of the artery to make a correct
diagnosis and choose the best treatment. If an iodinated contrast agent had been used, another allergic reaction might
have occurred, which was a risk the patient could not take. An iodinated contrast agent allergy also increases the
difficulty of dealing with various unexpected situations and may eventually cause failure of the operation, threatening
the life of the patient. We covered all of these considerations in the preoperative discussion and developed a back-up
plan: (1) Effective preoperative preparation was performed to ensure the smooth execution of the operation. To reduce
the risk, balloon predilation and postdilation were not performed; and (2) In the case iodinated contrast needed to be
used, a large dose of corticosteroids would be intravenously administered in advance to reduce the strength of the
allergic reaction, and the patient would be closely monitored to gain time to deal with other unexpected conditions.
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Figure 2 Images before and after carotid artery stent implantation. A: Ultrasound showing stenosis of the right internal carotid artery (R-ICA) before
surgery; B: Ultrasound showing blood flow in the region of R-ICA stenosis before surgery; C: Ultrasound showing good stent shape of the R-ICA after surgery; D:
Ultrasound showing good blood flow in the region of R-ICA stent after surgery; E: X-ray showing the shape of the stent before stenting; F: X-ray showing the shape of
the stent after stenting; G: Preoperative computed tomography angiography (CTA) showing a proximal diameter at the site of R-ICA stenosis of 5.75 mm; H:
Preoperative CTA showing a distal diameter at the site of R-ICA stenosis of 5.46 mm; I: CTA showing a cross-section of the site of R-ICA stenosis. The vascular
lumen is in the middle, and calcified plaques are present at both ends; J: CTA indicating a lumen diameter at the site of R-ICA stenosis of 2.20 mm; K: Magnetic
resonance angiography showing good stent shape after surgery. R-SCA: Right subclavian artery; R-ICA: Right internal carotid artery.

Critical points of technologies: There are two critical points. (1) Identify the narrowed portioned from sonography; and
(2) Pass the guidewire through the narrowed portion of the artery. If the guidewire cannot pass through the narrowed
portion of the artery, implantation of the stent is impossible. Since both the initial segment of the R-SCA and the initial
segment of the R-ICAC1 are thick (8-11 mm), shallow, and not covered by bone, color ultrasound can clearly show these
blood vessels and accurately locate the site of stenosis. Ultrasound can detect plaque and blood flow in real-time, and is
advantageous in that it is non-invasive, repeatable, and radiation-free. It is often difficult for the guidewire to pass
through the stenosis when the stent is placed at the initial segment of the R-SCA through the regular femoral artery
approach. This procedure was possibly more difficult because no contrast agent was used in this patient. To overcome
this difficulty, we chose the right radial artery approach. Under the guidance of ultrasound and fluoroscopy, the 260-cm-
long 0.035" guidewire easily passed through the stenosis of the R-SCA. Then, under the guidance of fluoroscopy, the 260-
cm-long 0.035" guidewire was inserted into the right 8F femoral artery sheath, and the head of the guidewire was
captured outside the body. This provided a stable track for the 10 mm x 25 mm stent from the femoral artery approach to
the stenosis of the R-SCA, and then the stent was precisely and successfully placed under ultrasonic guidance. In this
patient, the rate of stenosis in the initial segment of the R-ICAC1 was 80%. Because the degree of stenosis was less than
90%, under the guidance of ultrasound and fluoroscopy, the 0.014 " micro guidewire easily passed through the stenosis
area, and then the stent was successfully placed. If the degree of stenosis is greater than 90% or the lesion is occluded,
only ultrasound and fluoroscopy are used, no contrast agent is used for evaluation, passing the guidewire through the
stenosis lesion may be relatively difficult, and the surgery may fail.

Treatment selection for symptomatic carotid artery stenosis

Most carotid artery stenosis is caused by atherosclerosis. Lumen stenosis or occlusion, plaque rupture, and embolism can
lead to ischemic stroke. There are currently three approaches for treating carotid artery stenosis: medical drug therapy,
CEA and CAS. The North American Symptomatic Carotid Endarterectomy Trial and the European Carotid Surgery Trial
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have defined a degree of carotid artery stenosis of 0%-49% as no or mild stenosis, 50%-69% as moderate stenosis, 70%-
99% as severe stenosis, and 100% as complete occlusion. Patients with moderate stenosis should be closely observed for
progression of the lesion, and patients with severe stenosis or occlusion and symptomatic patients should undergo
surgery or interventional treatment. That being said, accurate diagnosis of the degree of stenosis is essential[1,2]. In
patients with symptomatic carotid artery stenosis and low perioperative risk, when the degree of stenosis exceeds 50%,
revascularization should be performed as soon as possible[3].

The patient in the present case had severe carotid artery stenosis, so CEA and CAS were his options. Both methods
have advantages and disadvantages. CAS has the advantages of less trauma, fewer surgical complications, high safety,
and a high success rate. However, CAS cannot be performed in patients who are allergic to contrast media or have severe
heart, liver, or kidney dysfunction; patients in whom interventional devices cannot be placed due to severely tortuous
interventional pathways and/or mural thrombosis and vulnerable plaques; patients with chronic complete carotid artery
occlusion, in whom contrast media cannot pass; or patients with cerebral hemorrhage within the last 3 mo or large-area
cerebral infarction within the last 4 mo. There has been controversy about the pros and cons of the two treatments.
According to the results of prospective controlled studies, the consensus of experts is that CAS is a treatment that is not
inferior to CEA and can be selectively applied in those with a high surgical risk. CEA has advantages for patients over 75
years of age with severe calcification and thrombosis in the aortic arch and symptomatic carotid stenosis. Current
evidence indicates that CEA is absolutely preferred for carotid artery stenosis. In terms of postoperative safety and long-
term postoperative efficacy, CEA still has advantages and is still the gold standard for the treatment of carotid artery
stenosis. The efficacy of CAS is not superior to that of CEA. However, CEA has become an indispensable treatment for
some high-risk patients[4]. CEA was a suitable procedure for treating carotid artery stenosis in this patient but could not
be used to manage the stenosis of the R-SCA at the same time. Therefore, CAS was performed at the request of the patient
and his family members.

Alternative for patients with iodinated contrast allergy

According to the relevant literature, if iodinated contrast agents cannot be used, such as in patients who are allergic to
iodinated contrast agents and those who have a clear history of hyperthyroidism, gadolinium (Gd)-based contrast is
feasible as an alternative. The incidence of all side effects of Gd-based contrast media is 1%-2%, while the incidence of all
side effects of iodinated contrast media is 3.0%, although the incidence of serious life-threatening side effects of Gd-based
contrast media is 10 times that of iodinated contrast media. The probability of severe allergic reaction to gadopentetate
meglumine is 0.0002% to 0.001%[5], but it is 3 or 4 times this in patients with a history of iodine allergy, which is still quite
low[6]. At present, Gd is mainly used as an MR contrast agent in clinical applications. Gd, as an alternative contrast agent
for patients with contraindications to iodinated contrast agents, is mainly used in intravenous pyelography, enhanced
computed tomography (CT), CTA, DSA, and interventional therapy. Researchers in China and abroad have reported the
successful clinical application of Gd-based contrast agents such as gadopentetate meglumine in pulmonary, aortic, and
coronary CTA[7-9]. In 1993, Kinno et al[10] first reported the use of a Gd-based contrast agent in arterial angiography and
interventional therapy. Since then, the application of Gd-based contrast agents in the cerebral artery, coronary artery,
carotid artery, aorta, renal artery, hepatic artery, limb arteries, vena cava, and other blood vessels in most parts of the
body has yielded good imaging results[7,11-14]. Moreover, the current application of Gd-based contrast in
intracerebrovascular interventional therapy is still associated with some problems, such as high cost and unclear potential
for neurotoxic effects, although much evidence has shown that it is safe for the nervous system. Gd-diethylenetriamine
pentetic acid (Gd-DTPA) cannot pass through the intact blood-brain barrier. There are currently no guidelines for intra-
arterial Gd administration. The maximum safe dose of intra-arterial injection has not yet been determined. The safety of
intracardiac and intracoronary injection needs to be further clarified.

Patients who are unable to undergo CAS due to contrast agent-related reasons can undergo CAS under ultrasound
guidance. Rostambeigi et al[15] reported a case of intravascular revascularization with the aid of duplex ultrasound for
chronic internal carotid artery occlusion. Chinese researcher Lu ef al[16] reported revascularization in two cases of chronic
internal carotid artery occlusion by intravascular intervention under ultrasound monitoring. For patients allergic to
iodinated contrast media, although ultrasound-guided CAS is an option, it has the disadvantage that ultrasound can only
display the vessel approximately 4-5 cm above the bifurcation of the common carotid artery. Thus, excellent surgical
operating skills are required[16].

Emphasis

This case study suggests that for patients who are allergic to iodinated contrast agents, ultrasound-guided CAS is a
feasible alternative. However, the feasibility is conditional; that is, the lesion must be easy to manage and associated with
low risk. For patients with difficult-to-manage lesions, advanced age, or higher surgical risk, who are prone to complic-
ations after surgery, CEA is preferred when both CAS and CEA are options.

CONCLUSION

Ultrasound-guided CAS is technically a feasible procedure. However, due to the few patients who have been treated in
this way, the limited treatment experience, and the lack of recognized indications, the long-term efficacy needs further
observation, and more cases are needed to confirm the outcomes. We believe that with further improvement of this
technique, careful selection of patients, and appropriate preoperative evaluation, ultrasound-guided endovascular
therapy will benefit more patients with contraindications to iodinated contrast agents and will become a viable option in
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the future.
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Abstract

BACKGROUND

Parathyroid carcinoma (PC) is a rare, slow-growing malignant tumor and a rare
cause of primary hyperfunctioning of the parathyroid, with a highly variable
clinical course, depending on the aggressiveness of the individual tumor and the
degree of hypercalcemia.

CASE SUMMARY

The aim of this report is to summarize the diagnosis and treatment of three cases
of PC and to review and conclude aspects regarding the three collected cases with
reference to other relevant cases to explore the value of ultrasound in the
diagnosis of PC. All three patients had hypercalcemia, consisting of a high serum
calcium level and a high level of parathyroid hormone that was > 2-fold (even >
30-fold) of the normal upper limit. The ultrasonographic findings of the para-
thyroid gland showed that the glands were all > 30 mm, and the internal echo was
uneven. All patients underwent surgery. PC in three cases was confirmed by
routine histopathology and immunohistochemistry.

CONCLUSION
As clinical signs and laboratory results are nonspecific, it is difficult to diagnose
PC preoperatively, so imaging examinations are often needed.

Key Words: Parathyroid carcinoma; Parathyroid adenoma; Ultrasound; Parathyroid
hormone; Primary parathyroid hyperfunction; Case report
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Core tip: Parathyroid carcinoma (PC) is a rare malignant tumor with a highly variable clinical course, depending on the
aggressiveness of the individual tumor and the degree of hypercalcemia. As clinical signs and laboratory results are
nonspecific, it is difficult to diagnose PC before surgery, so relevant imaging examinations are often needed. The aim of this
report is to summarize the diagnosis and treatment of three cases of PC and to review and conclude aspects regarding the
three collected cases with reference to other relevant cases to explore the value of ultrasound in the diagnosis of PC.

Citation: Shi C, Lu N, Yong YJ, Chu HD, Xia AJ. Parathyroid carcinoma: Three case reports. World J Clin Cases 2023; 11(25): 5934-
5940

URL: https://www.wjgnet.com/2307-8960/full/v11/i25/5934.htm
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INTRODUCTION

Parathyroid carcinoma (PC) is a rare endocrine carcinoma that accounts for approximately 0.005% of all cancers and has
an annual incidence of < 0.001%[1-4]. The main clinical features are hypersecretion of parathyroid hormone (PTH) and
high serum calcium. PC has no clear diagnostic criteria, lacks specific manifestations, and is difficult to distinguish from
parathyroid adenoma (PA) or hyperplasia. PC should be highly suspected if the serum calcium level exceeds 3.5 mmol/L,
PTH exceeds 2-5 times the upper limit of normal, or the tumor touches the neck or is accompanied by vocal cord
paralysis, or bone, kidney or other related manifestations[5]. In this study, ultrasound images of three patients with
pathologically confirmed PC are summarized, and related literature was reviewed to explore the value of ultrasound in
the diagnosis of PC.

CASE PRESENTATION

Chief complaints
Case 1: A 59-year-old man had a neck mass detected 10 d previously.

Case 2: A 28-year-old woman presented with weakness in the left lower limb.

Case 3: A 65-year-old woman presented with a neck mass that was noticed 6 mo previously and that had recently
gradually increased in size.

History of present illness
Case 1: No tenderness was observed.

History of past illness

Case 1: Blood sugar control was satisfactory, and the patient had a history of diabetes for > 3 years.
Case 2: The patient had a 3-year history of kidney stones and presented with lumbago with pain.

Case 3: None.

Laboratory examinations
Case 1: Serum calcium level was 2.78 mmol/L (normal range 2.11-2.52 mmol/L), and PTH was 207.6 pg/mL (normal
range 12.3-88.3 pg/mL).

Case 2: Serum calcium was 3.47 mmol/L, and PTH was 2723 pg/mL.
Case 3: Serum calcium was 3.19 mmol/L, and PTH was 1388 pg/mL.

Imaging examinations

Case 1: Doppler ultrasound revealed a 3.9 cm x 3.5 cm x 2 cm regularly shaped complex nodule (with mixed
echogenicity); that is, with solid and fluid components at the lower pole of the thyroid on the right side. The boundary
between the nodule and the thyroid parenchyma was unclear (Figure 1A). Color doppler flow imaging (CDFI) indicated
multiple blood flow signals in the internal solid part and around the nodule (Figure 1B). Computed tomography (CT)
displayed circular shadow density at the lower pole of the right thyroid gland with a clear boundary. Mild-to-moderate
enhancement was observed around the lesion, but no obvious enhancement was detected inside the lesion.

Case 2: Doppler ultrasound revealed a 5.4 cm x 4.4 cm X 2.8 cm regularly shaped solid nodule with small internal cystic
foci in the lower right lobe of the thyroid gland. The nodule had a clear boundary (Figure 2A). CDFI revealed multiple
blood flow signals in the solid part of the nodule (Figure 2B).
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Figure 1 Parathyroid carcinoma of the lower pole of the thyroid on the right side in a 59-year-old man. A: Doppler ultrasound revealed a complex
nodule (with mixed echogenicity), i.e., with solid and fluid components; B: Color doppler flow imaging indicated punctate blood flow signals were detected in the solid
part of the nodule and its periphery; C: The neoplastic chief cells of the parathyroid glands were arranged in solid sheets, nests and acini, indicating diffuse infiltrative
growth.

Figure 2 Parathyroid adenocarcinoma of the lower right lobe of the thyroid gland in a 28-year-old woman. A: Doppler ultrasound revealed a solid
nodule with small internal cystic foci; B: Color doppler flow imaging indicated multiple streaks of blood flow signals were observed in the solid part of the nodule; C:
Parathyroid chief cells with neoplastic hyperplasia; some of the tumor cells were atypical, and the tumor capsule was of different thicknesses with focal capsule
invasion.

Case 3: Doppler ultrasound revealed a 3.2 cm x 2.6 cm x 2.4 cm, irregularly shaped, solid nodule with an inhomogeneous
echo-structure at the lower right lobe of the thyroid gland. The boundary was unclear, and the internal echo was uneven
(Figure 3A). CDFI indicated multiple blood flow signals within the nodule (Figure 3B). Several lymph nodes were
detected on the right side of the neck; the larger lymph node was 1.3 cm x 0.5 cm, with poorly defined boundaries and no
tenderness. A CT scan revealed an oval low-density lesion with a clear boundary in the middle and lower lobes of the
right thyroid gland.

Intraoperative findings and immunohistochemistry

Case 1: A 3.5 cm x 3.0 cm X 2 cm mass was observed under the right thyroid gland, which was closely associated with the
surrounding tissues. The mass surface was smooth, and the envelope was complete with a variable thickness. The section
was a solid cyst. The cystic part was multilocular, the inner wall of the sac was smooth, and the solid part was grayish-
red, soft and brittle. The parathyroid neoplastic master cells were arranged in a solid flaky-like, nest-like, acinar pattern
with diffuse infiltrating growth that invaded a nerve and locally infiltrated but did not penetrate the capsule. A small
amount of thyroid tissue was seen in the tumor margin focus (Figure 1C). Immunohistochemistry revealed PTH (+),
calcitonin (-), carcinoembryonic antigen (-), chromogranin A (CgA) (+), synaptophysin (Syn) (-), thyroid transcription
factor-1 (TTF-1) (-), thyroglobulin (Tg) (-) and Ki67 (1%).

Case 2: An enlarged parathyroid gland (6 cm x 4 cm x 3 cm) was observed below the right thyroid gland during the
operation. The general surface of the nodule was smooth, the capsule was intact, and the section surface was dark red,
multinodular and soft. The main cells of the parathyroid gland were neoplastic and hyperplastic, and coarse fiber
segmentation was seen in the tumor. Some tumor cells were atypical, with mitotic images of approximately 2/50 per
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Figure 3 Parathyroid adenocarcinoma of the lower right lobe of the thyroid gland in a 65-year-old woman. A: Doppler ultrasound revealed a solid
nodule with an inhomogeneous echostructure; B: Color doppler flow imaging indicated multiple spots and strips of blood flow signals were observed in the nodules; C:
Parathyroid tumor with an unclear local capsule. A vascular tumor thrombus can be seen.

high-power field (HPF). The tumor envelope was of different thicknesses, and the tumor had invaded the envelope. The
blood vessels had invaded the thyroid, and a tumor plug was seen in the blood vessels (Figure 2C). Immunohisto-
chemistry revealed PTH (+) and Ki67 (4%).

Case 3: A3.4 cm x 2.4 cm % 2.2 cm mass was found at the lower pole of the right thyroid gland, which had adhered to the
surrounding esophageal and recurrent laryngeal nerves. The general surface was smooth, the envelope was relatively
complete, and the section surface was grayish-brown, soft and slightly brittle. The local envelope of the tumor was not
obvious, there were visible mitoses (< 2/10 HPF), and the tumor had invaded the thyroid tissue (Figure 3C). Immunohis-
tochemistry revealed PTH (+), calcitonin (-), cytokeratin pan (+), cytokeratinl9 (+), CgA (+), neural cell adhesion molecule
(NCAM; CD56) (-), Syn (weak +), TTF-1 (-), Tg (-) and Ki67 (5%).

FINAL DIAGNOSIS
Case 1: The patient was pathologically diagnosed with highly differentiated PC (low grade).

Case 2: The pathological diagnosis was parathyroid adenocarcinoma.

Case 3: The lesion was pathologically diagnosed as parathyroid adenocarcinoma.

TREATMENT

Case 1: The right inferior pole of the parathyroid and the right thyroid were resected.

Case 2: The right parathyroid lesion was resected.

Case 3: The right parathyroid gland was explored, the right parathyroid lesion, the right thyroid and the isthmus were
resected, and a regional lymphadenectomy was performed.

OUTCOME AND FOLLOW-UP

Case 1: The 5-year follow-up did not show residual-recurrent disease.

Case 2: The 1-year follow-up did not show residual-recurrent disease.

Case 3: The 1-year follow-up did not show residual-recurrent disease.

DISCUSSION

PC is a rare, slow-growing malignant tumor and a rare cause of primary hyperfunctioning of the parathyroid (PHPT),
with an incidence of 0.5%-7.0%[6,7]. Approximately 95% of PC tumors are functional and clinically manifested by various
symptoms and signs caused by excessive secretion of PTH and hypercalcemia, including moderate to severe
hypercalcemia (a parathyroid crisis may occur in some patients), kidney stones, renal calcinosis, osteoporosis, osteitis
cystic fibrosis, brown tumors, fractures, constipation, abdominal pain, peptic ulcers and pancreatitis[8,9]. The PTH and
serum calcium were increased in these three patients, and PTH was 2.35, 30.84 and 15.72 times the upper limit of normal,
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respectively. Case 2 presented with osteoporosis and recurrent kidney stones. Cases 1 and 3 presented at the clinic for
painless anterior neck masses. It has been reported that 30%-76% of patients with PC have a palpable mass in the neck
[10], which is uncommon in patients with PA. PC is considered a slow-growing malignant tumor with a highly variable
clinical course, depending on the aggressiveness of the individual tumor and the degree of hypercalcemia. As clinical
signs and laboratory results are nonspecific, it is difficult to diagnose PC before surgery, so relevant imaging examin-
ations are often needed.

A variety of techniques can be used to image the parathyroid gland, including ultrasound, methoxy isobutyl isonitrile
(MIBI) imaging, CT and magnetic resonance imaging (MRI). Ultrasound is the first choice to accurately assess the size of a
tumor without radiation and at a low cost and has significant value for detecting parathyroid disease. Studies have
shown that ultrasound has a sensitivity of 67%-96% and a positive predictive value of 82%-98% in patients undergoing
PHPT surgery[11-14]. The ultrasonographic findings of normal parathyroid glands are oval hypoechoic or hyperechoic
nodules with a maximum diameter of 4-7 mm, clear boundaries and a uniform echo. PC is usually larger, lobulated,
hypoechoic, heterogeneous and ill-defined compared with PA. A high positive predictive value is obtained when the
parathyroid lesion is > 30 mm, calcified, and has an unclear boundary with the surrounding tissue[15,16]. In this group of
three patients, the tumors were > 30 mm, and the internal echo was uneven. In cases 1 and 2, the tumors were cystic and
solid, and in cases 1 and 3, the tumors had unclear boundaries with the surrounding tissue, which was consistent with
malignant signs. However, ultrasound has some limitations. Parathyroid diseases can be difficult to distinguish from
thyroid nodules and lymph nodes, so the clinical manifestations and a laboratory examination should be combined for
identification. In addition, when the parathyroid lesion is cystic, it should be distinguished from other cystic neck lesions.
For cystic neck lesions, close attention should be paid to the age of presentation, lesion location, and association with
surrounding structures[17,18]. If located on the midline, the differential diagnosis narrows to thyroglossal duct cysts,
ranulas or dermoid cysts. Off-midline lesions can be, instead, branchial cleft cysts or lymphangiomas[17]. Due to
interference by the sternum and clavicle, ultrasound examination of hypolocated parathyroid tumors or ectopic
parathyroid tumors in the retropharyngeal space or mediastinum is limited, so other imaging examinations are needed.
Tc-99 m-MIBI is widely used to localize parathyroid tumors, but there is no significant specificity between benign and
malignant parathyroid diseases. CT and MRI have limited diagnostic value in patients with parathyroid disease but can
be used to assess cervical lymph node status, detect ectopic parathyroid tumors and assess preoperative risk[19].

There are some difficulties when preoperatively and intraoperatively diagnosing PC. Fine-needle aspiration can be
used to distinguish thyroid from parathyroid tissues, but it has limited value in the differential diagnosis of benign and
malignant parathyroid tumors and may cause local dissemination and implantation of tumors, so it is not recommended
[20,21]. Because the histopathological features of PC may overlap with PA, an intraoperative rapid frozen pathological
examination has been demonstrated to lack reliability. Therefore, postoperative pathological examination of the lesion is
the gold standard for diagnosing PC. PC is pathologically diagnosed if the tumor is invasive, such as in the capsule, blood
vessels or nerves, or has local or distant metastasis[22].

Surgical excision is an effective method to treat PC, and the standard of treatment is total excision of the tumor and
surrounding tissues[20]. Selective cervical lymph node dissection is also necessary when the cervical lymph nodes are
involved. However, the necessity of prophylactic septal lymphadenectomy remains controversial[23]. In this study, all
three patients underwent surgical resection of the diseased parathyroid gland combined with resection of the affected
thyroid gland. PC is an indolent, slowly progressive cancer since the tumor has a low malignant potential. Few patients
initially present with regional lymph node involvement (< 5%) or with distant metastatic disease (< 2%)[24]. PC can recur
2-5 years after the initial operation, and the local recurrence rate within 5 years is 33%-82%[25]. The prognosis mainly
depends on whether the tumor is completely removed during the first operation. Most patients do not die from the tumor
disease burden since it is slow growing. Instead, most patients with metastatic disease die from complications of
hypercalcemia[26,27]. Consequently, postoperative serum calcium and PTH monitoring are also important to detect
whether the tumor was completely removed and whether there is early recurrence and metastasis. This especially applies
to serum calcium levels, since most of these patients are highly susceptible to hungry bone syndrome. They require
regular monitoring of their calcium and PTH levels every 3 mo for up to 1 year to evaluate for recurrence[28]. If the levels
remain stable at this point, the duration between laboratory assessments can gradually be increased.

CONCLUSION

PC is a rare head and neck malignant tumor. Significant increases in serum calcium and PTH should be warning signs of
a mass in the neck. The best surgical method should be selected to improve the survival rate of patients.
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Abstract

BACKGROUND

Neuropathy may occur at some sites after catheterization for close examination of
cardiac disease. Although the radial artery is considered a relatively uncom-
plicated site for catheterization, the radial artery and median nerve are in
relatively close proximity, with the risk of median nerve injury depending on the
angle of puncture. The purpose of this study was to report the outcomes of
surgery performed for conservative therapy-resistant median neuropathy
following forearm catheterization.

CASE SUMMARY

A 50-year-old woman experienced palsy from the right thumb to the radial side of
the ring finger after catheterization from the radial artery of the right forearm.
Paresthesia developed at the same site and a positive tinel-like sign was seen for
the median nerve area at the high level of the puncture site. Nerve conduction
study showed reduced compound muscle action potentials and loss of sensory
nerve action potentials. Symptoms did not improve despite pharmacotherapy and
the patient gradually developed flexion restrictions of the index and middle
fingers. Median nerve injury and associated flexor tendon adhesion was
diagnosed, and the patient was referred for surgery at 3 mo after injury. When the
same area was opened, no injury to the median nerve epithelium was obvious,
but the area of the positive tinel-like sign was highly adherent to surrounding
tissue and to the flexor digitorum superficialis of the index and middle fingers.
The surgery was terminated with adequate adhesion release. Rehabilitation was
initiated postoperatively, improving neurological symptoms and range of motion
of the fingers. Six months after surgery, the patient returned to daily activities
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without discomfort.

CONCLUSION
This case provides the appropriate diagnosis and treatment for a suspected peripheral nerve injury.

Key Words: Catheterization; Median neuropathy; Surgical treatment; Case report

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Median neuropathy during forearm puncture is unlikely but possible given the anatomic location. In general,
peripheral neuropathy of the upper extremity causes difficulty in performing hand-operated tasks and daily living, leading to
a decreased quality of life, so surgery is aggressively considered in cases that are resistant to conservative treatment. Even in
examinations where the risk of complications is considered low, accurate diagnosis based on clinical symptoms is important
to provide appropriate treatment.

Citation: Suzuki T, Matsui Y, Momma D, Endo T, Iwasaki N. Median neuropathy after multiple punctures of the forearm for
catheterization: A case report. World J Clin Cases 2023; 11(25): 5941-5946

URL: https://www.wjgnet.com/2307-8960/full/v11/i25/5941.htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i25.5941

INTRODUCTION

The radial artery is the most common site for arterial catheters, and radial artery catheters are considered relatively safe.
The incidence of serious complications of radial artery catheterization is less than 0.2%[1]. One potential complication is
nerve injury[2], most often in the form of median neuropathy at the forearm level. Median nerve injury related to radial
artery catheterization has been reported to be caused by prolonged dorsiflexion of the wrist joint[3] and increased intra-
carpal pressure due to hematoma formation[4,5], but the possibility of direct injury cannot be ruled out. We report a case
of median nerve injury diagnosed and operated on after radial artery catheterization.

CASE PRESENTATION

Chief complaints

A 50-year-old woman underwent coronary angiography from the radial artery of the right forearm. When the artery was
punctured with a 22-G needle, the patient reported a burning sensation in the right hand, and multiple punctures were
made without injecting any drug. Coronary artery bypass grafting was performed the same day under a diagnosis of
unstable angina pectoris.

History of present illness

After the patient noticed a burning sensation in the right hand during the initial forearm puncture, anesthesia was
induced in emergency surgery. After waking from anesthesia, she perceived paresthesia from the thumb to the radial side
of the ring finger and difficulty moving the right hand. Medical treatment with drugs was started but obtained little
improvement in symptoms, and the difficulty in bending the index finger gradually worsened.

History of past illness

Unstable angina pectoris.

Personal and family history
Non-contributory.

Physical examination

There was decreased perception of the phalanx and from the thumb to radial side of the ring finger as compared to the
other side. Manual muscle testing of the abductor pollicis brevis (APB) had dropped to 4. Range of motion of the wrist
joint was preserved, but flexion of the metacarpophalangeal and proximal interphalangeal joints of the index and middle
fingers was limited (Figure 1), and a complete O could not be made. A positive tinel-like sign was seen for the two
proximal lateral digits from the wrist crease and negative at the carpal tunnel. In peripheral nerve conduction studies
(NCS), motor and sensory latencies at the wrists did not differ between left and right. Compound muscle action potential
(CMAP) of the APB was reduced and no waveform was recorded for sensory nerve action potential (SNAP) of the right
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Figure 1 Preoperative physical examination. A and B: Inspection of the right hand. The Tinel like sign was positive at the 2 proximal lateral digits from the
wrist crease (1); C: Finger extension. Allowable without restriction; D: Finger flexion. Restriction of the index and middle fingers prevents full grip; E: Right hand
perception. Numbers represent two-point discrimination test, colors represent semmes weinstein test results. There is a decreased perception in the median nerve
area; F: Nerve conduction studies results of the median nerve. Compound muscle action potential was reduced and sensory nerve action potential showed no
waveform appearance.

second finger (Figure 1). Ultrasonography and magnetic resonance imaging did not show any median nerve swelling or

hematoma formation.

Laboratory examinations
No special abnormal findings.

Imaging examinations
No special abnormal findings.

FINAL DIAGNOSIS

The patient was finally diagnosed with median nerve injury and flexor digitorum superficialis (FDS) adhesion of the
index and middle fingers.

TREATMENT

Three months of conservative treatment with medication failed to improve the condition, so surgery was performed.

A skin incision was made from the proximal median of the palm to the distal median forearm. The median nerve was
dissected circumferentially at the proximal level of the second transverse digit of the wrist crease, with erythema of the
epineurium and adhesions to fatty tissue and tendons (palmaris longus and FDS for the second and third digits). The
carpal tunnel was also released. The wound was closed under microscopy to ensure that there was no obvious injury or
defect in the epineural membrane (Figure 2). No external fixation was performed and rehabilitation for hand exercises
and prevention of adhesions was started on the third postoperative day.
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Figure 2 Intraoperative photographs. A: The median nerve (1) is adherent to a fatty tissue (white arrow head) and flexor digitorum superficialis (FDS) for the
second digit (white arrow); B: The median nerve was dissected circumferentially, and FDS muscle belly was resected; C: Microscopic findings. There was mild
erythema of the neuroepithelium, but no obvious injury or defect.

OUTCOME AND FOLLOW-UP

Improvement of palsy was observed from the day after surgery. Hand movement improved gradually, with full grip
possible 2 wk after surgery. The NCS waveform of SNAP (3.3 pV), which could not be confirmed preoperatively, was
confirmed at 3 mo postoperatively (Figure 3). By 6 mo postoperatively, decreased perception was localized only to the
phalanges of the index and middle fingers and disability of arm, shoulder and hand score had improved from 62.1
preoperatively to 15.5.

DISCUSSION

A detailed history and thorough clinical examination are the foundations of diagnosing nerve injuries. Electrodiagnostic
studies are also commonly performed as an aid to diagnosis. This modality provides important information for
identifying the site of compression and neuropathy, determining severity and prognosis, and allowing the identification
of relevant phenomena such as denervation, reinnervation, abnormal reinnervation, and motor plate lesions[6,7]. In nerve
palsy, stimulation of the nerve proximal to the lesion with distal recording results in loss of CMAP amplitude, partial or
complete conduction block, and reduced conduction velocity across the lesion. SNAP is also lost or reduced in amplitude
with proximal stimulation, with a 50%-70% reduction in amplitude suggesting conduction block[8]. These changes show
complete or partial resolution once remyelination has been completed[9]. The present case showed reduced CMAP
amplitude and loss of SNAP, suggesting conduction block due to axonal injury or nerve adhesions. Intraoperative
findings were anatomically consistent with the predominance of dysesthesia in this case, since the sensory fibers in the
distal forearm run mainly on the radial side of the median nerve[10,11].

Several peripheral neuropathies have been associated with vascular punctures related to venipuncture, with
frequencies below 0.0001%[12-15]. Of particular significance is that half of the nerve injuries related to venipuncture
improved within 5 wk, and all injuries improved within 18 wk[12]. The lack of spontaneous improvement in this case
may have been related to the size of the puncture needle and the surface area of the injured nerve. External denervation
has been reported to be effective for peripheral nerve injuries resistant to conservative therapy[16-18], and the same
principle was applied in this case. The preoperative findings led to a diagnosis of median nerve injury, and the median
nerve did in fact show marked adhesions at the site of the positive tinel-like sign. The coexisting flexion limitations of the
index and middle fingers in this patient also completely resolved with adhesion release and postoperative rehabilitation.
As of 6 mo postoperatively, neurological symptoms remained mild, but the patient had full use of the hand without any
problems in daily life, much to her satisfaction.

CONCLUSION

This case provides insights into the appropriate diagnosis and treatment of suspected peripheral nerve injury. A
thorough understanding of the nerve, tendon, and vascular anatomies is important and aggressive performance of
surgery may be warranted for neuropathies that prove resistant to conservative therapy.
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Figure 3 Postoperative physical examination. A and B: Inspection of the right hand. An operation scar is present on the proximal median of the palm to the
distal median of the forearm; C: Finger extension. Allowable without restriction; D: Finger flexion. Full grip is available; E: Decreased perception is localized to the
phalanges of the index and middle fingers; F: Nerve conduction studies results of the median nerve at 6 mo postoperatively. The waveform of sensory nerve action
potential can be confirmed.
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Abstract

BACKGROUND

Alport syndrome (AS) is an inherited disease of the glomerular basement
membrane caused by mutations in genes encoding a3, a4, or a5 chains of type IV
collagen. It manifests with hematuria or proteinuria, which is often accompanied
by hearing impairments and ocular abnormalities. Histopathologically, AS shows
mesangial proliferation and sometimes incidental immunoglobulin A (IgA)
deposition. Hematuria or proteinuria is also a common presentation in patients
with IgA nephropathy that makes it difficult to differentially diagnose AS and
IgA nephropathy solely based on these clinical and pathological features.

CASE SUMMARY

Herein, we present the case of a 59-year-old female patient who was admitted to
our hospital with persistent microscopic hematuria and occasional proteinuria
that had lasted for > 2 years. This patient had a familial history of renal disease
and was diagnosed with autosomal dominant AS (ADAS) and IgA nephropathy
based on the findings of renal biopsy as well as genetic testing performed using
whole-exome sequencing, which suggested that the patient carried a novel hetero-
zygous variation (c.888G>A:p.GIn296GIn) in the COL4A3 gene that enriches the
mutation spectrum of ADAS. The proband received an angiotensin receptor
blocker therapy after a definitive diagnosis was established. After one year of
therapy, a significant reduction in proteinuria was observed. The number of
microscopic red blood cells per high-power field decreased to one-quarter of the
baseline levels. Renal function also maintained well during the follow-up.

CONCLUSION
Our case highlights the significance of performing kidney biopsy and genetic
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testing in the diagnosis of AS and familial IgA nephropathy.
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Core Tip: It is challenging to distinguish between Alport syndrome (AS) and immunoglobulin A (IgA) nephropathy solely
based on clinical and pathological findings. This report highlights the diagnostic value of whole-exome sequencing in the
precise diagnosis of AS and emphasizes the significance of renal biopsy and genetic detection in the early diagnosis of AS
and familial IgA nephropathy.
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INTRODUCTION

Both Alport syndrome (AS) and immunoglobulin A (IgA) nephropathy (IgAN) present with persistent hematuria,
proteinuria, and progressive renal dysfunction. The prevalence of AS is approximately 1 in 50000 newborns, with males
exhibiting a higher propensity for symptomatic manifestations compared with females[1]. AS is a genetically hetero-
geneous nephropathy that results from the mutations of COL4A3, COL4A4, and COL4A5 genes encoding a3, 04, and o5
chains of type IV collagen[2]. AS comprises three hereditary forms: X-linked AS, autosomal recessive AS, and autosomal
dominant AS (ADAS). Patients with ADAS typically harbor a heterozygous pathogenic variant in the COL4A3 or COL4A4
gene and have a wide spectrum of clinical features, ranging from lack of symptoms to renal failure[3]. The heterogeneity
of ADAS phenotypes leads to its underdiagnosis clinically. As next-generation sequencing and whole-exome sequencing
(WES) become ever more prevalent, the prevalence of ADAS has been reported increasingly and accounts for approx-
imately 20% of AS[3]. Early diagnosis of AS is important because progression to renal failure can be slowed by renin-
angiotensin-aldosterone system blockade[4]. Nephrologists recommend that the renin-angiotensin-aldosterone blockade
should be administered to patients with a heterozygous pathogenic COL4A3 or COL4A4 mutation from the onset of
microalbuminuria, hypertension, or kidney impairment[4-6].

IgAN is the most common primary glomerulonephritis, and patients with IgAN are characterized by the deposition of
IgAl immune complexes in the glomerular mesangium. The global prevalence of IgAN varies widely. IgAN is more
common in Asian countries, including China (45%-58% of primary glomerulonephritis), than in European countries
(10%-35% of primary glomerulonephritis) and has a higher prevalence among males than females[7]. IgAN usually
occurs sporadically, but approximately 15% of cases have an inheritable component[8]. With advances in genetic
medicine, pathogenic or likely pathogenic variants in COL4A3-5 were confirmed in the IgAN family members[9,10].
When hematuria is ascribed to familial IgAN, it is more likely owing to unknown disease-causing COL4A3-5 variants. In
the present study, we performed sequencing on a 59-year-old female patient who was diagnosed with IgAN by renal
biopsy. A novel heterozygous mutation (c.888G>A) in the COL4A3 gene was identified in the patient through WES. The
same mutation was also found in the proband’s asymptomatic son. Based on the results of genetic testing, histopatho-
logical findings, and pedigree analysis, the proband was diagnosed with co-occurring ADAS and IgAN.

CASE PRESENTATION

Chief complaints
A 59-year-old female patient presented with persistent microscopic hematuria and occasional proteinuria for > 2 years.

History of present illness
The patient was admitted to our hospital on November 11, 2020, with persistent microscopic hematuria and occasional
proteinuria, in addition to frequent complaints of waist soreness and thirst.

History of past illness
The patient had no prior past medical history.
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Personal and family history

The patient had a family history of renal disease. Although her parents had died many years ago with no exact cause, one
of her elder brothers was diagnosed with chronic renal failure in December 2021 whose 30-year-old son has been
undergoing hemodialysis for many years (Figure 1).

Physical examination

The patient’s vital signs were normal, including a body temperature of 37.1 °C, pulse of 91 beats/minute, respiratory rate
of 18 breaths/minute, and blood pressure of 15.7/9.2 kPa. No abnormalities were detected in the eye and ear examin-
ations. Physical examinations showed no abnormalities related to the abdomen, cardiopulmonary system, and lower
extremities.

Laboratory examinations

Laboratory tests showed the following results: 24-h urinary protein (223.2 mg), microhematuria (red blood cell count:
302.5/pL), poikilocyte (75%), albumin-to-creatinine ratio (181 mg/g), albumin (36.7 g/L), serum creatinine (0.52 mg/dL),
potassium (13.65 mg/dL), total cholesterol (257.16 mg/dL), low-density lipoprotein (150.04 mg/dL), IgA (1.67 g/L), IgG
(11.30 g/L), IgM (1.26 g/L), Complement 3 (1.03 g/L), and Complement 4 (0.32 g/L). The biochemical results are
summarized in Table 1.

Imaging examinations
No abnormalities were detected in the findings of the electrocardiogram and color Doppler echocardiography. The
abdominal ultrasound revealed a left renal cyst and a 1.3 cm right upper ureteral calculus with expansion.

Further diagnostic work-up

A holmium laser lithotripsy through ureteropyeloscopy was performed, and an indwelling double J stent was placed in
the patient’s right ureter. One month later, the ureteral stent was removed, and a renal biopsy was performed the next
day. We used hematoxylin and eosin, periodic acid-Schiff, periodic acid-silver methenamine, and Masson’s trichrome
staining techniques for histopathological evaluation of tissue specimens. Twenty glomeruli were found in the biopsy
specimen. Under light microscopy, the glomeruli showed a mild increase in mesangial cellularity and mesangial matrix.
Congo red stain for amyloid gave negative results. Immunofluorescence showed a diffuse deposit of IgA (++) in the
glomerular mesangial area. Furthermore, immunostaining for C3 and IgM was weakly positive, while immunostaining
for Clq and IgG was negative. The electron microscopy image showed diffuse thinning of the glomerular basement
membrane (GBM) and minor electron-dense depositions in a few mesangial areas (Figure 2). Based on the pathologic
findings, the patient was diagnosed with IgAN. The MESTC score was M1EOS0T0-C0. We obtained the proband’s consent
to carry out a genetic analysis to establish the diagnosis. Fresh venous blood was obtained from the patient for genomic
DNA extraction. Firstly, the DNA was interrupted and prepared for library construction. Then, the exons of the target
gene and the DNA adjacent to the shear region were captured and enriched by Roche KAPA HyperExome microarray.
Finally, the mutation was detected by the MGISEQ-2000 sequencing platform. WES showed a unique heterozygous
synonymous mutation in COL4A3. The mutation of c.888G>A:p.GIn296GIn locates in exon 15 of the COL4A3 gene
(NM_000091.4) on chromosome 2, in which G in the 888th position was changed to A (c.888G>A), resulting in the
CAG—CAA codon change without amino change. This mutation has not been reported so far in the literature. SpliceAl,
dbscSNV_RF and dbscSNV_ADA indicated that it may have an effect on splicing. To widen the pedigree of patients, we
also performed genetic testing of her son without clinical symptoms. Sequencing results demonstrated that the son
harbored an identical mutation in the COL4A3 gene (Figure 3).

FINAL DIAGNOSIS

Based on the histopathological findings, family history, and genetic testing results, the diagnosis was established as
ADAS with IgAN.

TREATMENT

The patient was administered with atorvastatin calcium tablets (20 mg qd) and potassium chloride sustained-release
tablets (0.5 g bid) when she was admitted. Subsequently, she received losartan potassium tablets (50 mg qd) after a
definitive diagnosis.

OUTCOME AND FOLLOW-UP

One year after therapy, significant reduction in proteinuria was observed. Microscopic red blood cells per high-power
field decreased to one quarter of the baseline level. Additionally, her renal function was maintained during the follow-up
period.
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Table 1 Proband’s laboratory tests

Biochemical items Results
Urinary albumin +

RBCs (/pL) 302.5

24 h urinary protein (mg) 2232
ACR (mg/g) 181
Poikilocyte 75%
Total serum protein (g/L) 62.8
Albumin (g/L) 36.7
eGFR (mL/min per 1.73m?) 149.20
Serum creatinine (mg/dL) 0.52

Uric acid (mg/dL) 523
Potassium (mg/dL) 13.65
Total cholesterol (mg/dL) 257.16
Low density lipoprotein (mg/dL) 150.04
ANA Negative
Anti-dsDNA antibody Negative
IgA (g/L) 1.67

1gG (/L) 11.30
IgM (g/L) 1.26

C3 (g/L) 1.03

C4 (g/L) 0.32
Anti-SSA antibody Negative
Anti-SSB antibody Negative
Hepatitis (A, B, or C) antibody Negative

RBCs: Red blood cells; ACR: Albumin-creatinine ratio; eGFR: Estimated glomerular filtration rate; ANA: Anti-nuclear antibody; Anti-dsDNA: Anti-double-
stranded DNA; C3: Complement 3; C4: Complement 4; Anti-SSA: Anti-Sjogren’s syndrome A; Anti-SSB: Anti-Sjogren’s syndrome B.

: Proband
: Female

: Male

: Carrier
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: Individuals with hematuria or renal failure
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DOI: 10.12998/wjcc.v11.i25.5947 Copyright ©The Author(s) 2023.

Figure 1 Family pedigrees. The proband and her son were heterozygous for the novel disease-causing variant. One of the proband’s brothers was diagnosed
with renal failure in December 2021 whose son has been undergoing hemodialysis for many years.

DISCUSSION

Although the patient presented with minor microhematuria and proteinuria, her son had no clinical symptoms.
Histologic findings included dominant IgA deposit in the mesangial area of the renal glomerulus and diffuse thinning of
the GBM. The clinical manifestations and histologic findings were consistent with both IgAN and AS or thin basement
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Figure 2 Findings of the proband’s renal biopsy. A: Hematoxylin and eosin stain shows mild mesangial proliferation (as the arrow indicates). Original
magnification 400 x; B: Immunofluorescence shows deposition of immunoglobulin A (as the arrow indicates). Original magnification 400 x; C: Immunofluorescence
shows deposition of C3 (as the arrow indicates). Original magnification 400 x; D: Electron microscopy shows diffuse thinning of the glomerular basement membrane
(as the arrow indicates). Scale bars: 2 ym.
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Figure 3 Findings of COL4A3 gene mutations. A heterozygous synonymous variant (c.888G>A:p.GIn296GIn) was screened in the COL4A3 gene from the
proband’s and her son’s DNA sample.

membrane nephropathy (TBMN). The changes in the thickness of GBM as observed with electron microscopy suggested
the possibility of TBMN, necessitating genetic testing. We sequenced the proband and her son with WES. WES showed
that both the woman and her son had identical heterozygous mutation of ¢.888G>A:p.GIn296GIn in COL4A3 gene, which
revealed the autosomal dominant pattern of genetic inheritance in the family. A comprehensive search of ESP6500, 1000
Genomes, ExAC, GnomAD and GnomAD-EAS databases showed that this mutation has not been previously reported
associated with AS. Considering that her son had no renal symptoms, this hereditary condition showed incomplete
penetrance in the family, which is consistent with a multifactorial disease model and confirms that other factors beyond a
single causal factor leading to mutations are required to trigger disease onset[11].

The patient had no sensorineural deafness, characteristic retinopathy, or renal function impairment. Histologic findings
showed a diffuse thin GBM with an average width of < 250 nm, without duplication, lamellation, or electron-dense
deposits. These results suggested the diagnosis of TBMN rather than AS. Both AS and TBMN could result from hetero-
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zygous variations in COL4A3 or COL4A4 genes[5]. Generally, significant proteinuria, progressive kidney failure, and
extrarenal diseases are not associated with TBMN, though some patients can progress to end-stage renal disease in later
life. Inconsistent with the presentation of TBMN pedigree, the pedigree includes a brother diagnosed with chronic renal
failure and his 30-year-old son has been undergoing hemodialysis for many years. One of the diagnostic criteria of AS is
irregular thickening, thinning, and splitting of the GBM, whereas the electron microscopic findings in patients with
ADAS commonly show diffuse thinning of the GBM. Therefore, it is difficult to make an accurate distinguishment
between ADAS and TBMN. Clifford E. Kashtan[2] suggested establishing an early diagnosis and rendering timely
treatment in patients with AS. Some patients with AS are undiagnosed with a label of “benign familial hematuria” or
“TBMN” due to their relative lack of clinical signs. Nevertheless, some experts query the diagnosis of ADAS because the
electron microscopy findings in many patients with ADAS include diffuse thinning rather than the typical basement
membrane splitting, lamellation, and basket weaving[12]. They consider that the diagnosis of ADAS will add to excessive
anxiety. However, the diagnostic term “TBMN” is inappropriate because the risk of end-stage renal disease will be
underestimated and early treatment will be delayed. In the genomic era, there is growing agreement that patients with a
heterozygous pathologic variation in the COL4A3 and/or COL4A4 genes should be considered to have ADAS[3].

IgAN may occur in a sporadic or familial form[13]. Intriguingly, clinical manifestations of IgAN can overlap consid-
erably with AS, which results from mutations in the COL4A3, COL4A4, and COL4A5 genes[14,15]. Stapleton et al[10]
conducted WES in 10 Irish families of which at least one member had biopsy-confirmed IgAN. They identified a likely
disease-causing mutation in COL4A5 in one family and a variant of unknown significance in COL4A3 in another. Xu et al
[16] confirmed a novel COL4A5 gene variation (chrX:107814698, c.438 +2->AAACCAATTATA-) in IgAN in a Chinese
family and suggested that variable COL4A5 gene mutations may play different roles in IgAN. Li et al[9] discovered
putatively disease-causing COL4A3-5 variations in 9 of the 46 familial IgAN cases (20%), of which 6 showed autosomal
dominant inheritance, with 2 carrying heterozygous mutations in COL4A3 and 4 in COL4A4, and the remaining 3
demonstrated X-linked inheritance, with variations in the COL4A5 gene. These findings demonstrate that COL4A3-5
variations may be related to IgAN. Herein, our pedigree with biopsy-proven IgAN of the proband should be referred for
assessment of familial IgAN. The case proposes a paradigm where AS and familial IgAN might represent two features of
a single disease spectrum instead of two different pathologies.

Kamiyoshi et al[17] analyzed 25 patients with ADAS and their family members and revealed that the median age at
detection of proteinuria was 17 years, the median renal survival time was 70 years, and only one patient developed
hearing impairment and another had ocular abnormalities. Extrarenal manifestations in patients with ADAS are
relatively rare compared with those in individuals with X-linked AS or autosomal recessive AS. The proband had a
milder clinical course without ear and eye abnormalities which may be related to the autosomal dominant form of
inheritance that has relatively minor impact on the renal function, and therefore the disturbance in the GBM architecture
is milder. Besides, the synonymous variation in the gene loci may have reduced the severity of the disease.

Furlano ef al[3] conducted a retrospective cohort study of 82 families (252 patients) with ADAS from Spanish hospitals,
of which 216 of 252 patients underwent genetic testing. A heterozygous pathogenic mutation in COL4A3 was confirmed
in 107 patients, and a pathogenic mutation in COL4A4 was confirmed in 133 patients. Digenic inheritance was confirmed
in 12 patients. The most common type of pathogenic mutation was the missense variant (62.9%), the second was splicing
variant (16.7%), and then in-frame indel > 5 amino acids (12.5%), indel truncating (11.6%), nonsense (6.5%), deletion
(indel) < 5 amino acids (0.9%). We identified a heterozygous variation, ¢.888G>A, in exon 15 of COL4A3 gene in the
proband and her son, which is predicted to lead to a synonymous amino acid change, and p.GIn296GIn. mutation results
in illness by affecting the process of splicing primarily[18,19]. This novel mutation potentially caused abnormal exonic
splicing and could be responsible for ADAS affecting the family.

CONCLUSION

In conclusion, the patient was diagnosed with ADAS with IgAN based on the findings of kidney biopsy and WES. The
diagnosis of ADAS is difficult because of its wide phenotype spectrum. Renal biopsy is necessary to avoid misdiagnosis.
Genetic testing is crucial for early diagnosis of patients and relatives at risk. In our case, the proband has a novel hetero-
zygous synonymous mutation in the COL4A3 gene, which extends the gene mutational spectrum associated with ADAS.
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Abstract

BACKGROUND

Male breast cancer (MBC) is an extremely rare condition and accounts for less
than 1% of all breast cancers, and malignant tumors occur in less than 1% of the
affected men. Mucinous breast cancer is extremely rare and accounts for 2% of all
invasive breast cancers. Generally, MBC is accompanied by a retroareolar mass.

CASE SUMMARY

Herein, we report a case of male mucinous breast carcinoma (MMBC) without
gynecomastia development and with mass localization outside the common
retroareolar region, wherein the mass was a painless nodule in the right breast of
a 64-year-old man. We also discuss the clinical and pathological characteristics of
this unusual tumor. The excised breast specimen showed pure mucinous carci-
noma. The patient had strong expression of estrogen and progesterone receptors,
a low Ki-67 proliferation index of the tumor cells, and negative pathological axi-
llary lymph nodes. The patient underwent modified radical mastectomy and
axillary lymph node dissection, followed by tamoxifen hormone therapy.

CONCLUSION

To the best of our knowledge, this is the first case report of MMBC in the non-
retroareolar region of the nipple without gynecomastia development. Mucinous
tumors are easily missed during diagnosis, and the incidence of axillary lymph
node metastases of chest mucinous tumors has increased.

Key Words: Breast cancer; Male; Mucinous adenocarcinoma; Nipple; Case report
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Core Tip: We not only report a rare case, but also discuss the clinical and pathological characteristics of this unusual tumor.
Though a summary of a limited number of cases and a comparison with female breast cancer, we reveal some interesting
features of male mucinous breast cancer. It is helpful to distinguish the rare male disease.
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INTRODUCTION

Male breast cancer (MBC) is particularly uncommon, accounting for approximately 1% of all breast cancer cases[1-3].
Known risk factors for MBC include old age, high estradiol levels, Klinefelter’s syndrome, radiation exposure, gyneco-
mastia, family history of breast cancer, and Breast Cancer 1 protein (BRCA1) and BRCA2 mutations[4]. The most common
malignancy in MBC patients is invasive ductal carcinoma, and mucinous carcinoma is extremely rare[5,6]. Anatomically,
the male breast comprises the external nipple, areola, internal lymph nodes, adipose tissue, and ducts. The glandular
portion of the male breast is located mainly posterior to the nipple-areola complex[7]. MBC occurrence most often
involves remarkable gynecomastia development and a retroareolar mass[8-10]. We herein report a case of non-retro-
areolar male mucinous breast carcinoma (MMBC) without gynecomastia development and review similar cases
documented in the literature.

CASE PRESENTATION

Chief complaints
A 64-year-old male presented at the hospital with a painless mass in the right chest for 4 mo.

History of present illness
The patient had a mass over the right lateral nipple for 4 mo, which grew from the size of a pea to the size of an egg yolk,
without pain.

History of past illness
The patient with no history of smoking or drinking, no history of hepatitis, no history of cardiovascular disease, and no
history of long-term drug use.

Personal and family history
There was no significant personal or family history.

Physical examination
The patient was 178 cm in height and 58 kg in weight, with body mass index (BMI): 18.3 kg/m?. Physical examination
indicated an approximately 2.0 cm x 1.5 cm-sized nodule present 2.0 cm above the right lateral nipple.

Laboratory examinations

Serum six-sex hormone test revealed the following findings: (1) Follicle-stimulating hormone: 12.60 IU/L (normal: 1.27-
19.26 IU/L); (2) Luteinizing hormone: 7.66 IU/L (normal: 1.24-8.62 IU/L); (3) Estradiol: 0.00 pg/mL (normal: < 25-38.95
pg/mL); (4) Testosterone: 3.37 ng/mL (normal: 1.75-7.81 ng/mL); (5) Prolactin: 16.83 ng/mL (normal: 2.64-13.13 ng/mL);
and (6) Progesterone: 0.00 ng/mL (normal: 0.14-2.06 ng/mL).

Imaging examinations

Ultrasound examination revealed the following information: A subcutaneous hypoechoic lesion was located 2.0 cm from
the nipple edge on the lateral side of the right nipple and had a size of approximately 1.88 cm x 1.13 cm, with clear
borders and no blood flow signal within it. Computerized tomography (CT) reveals posterior nipple glands and post-
operative defects from outpatient surgery (Figure 1).

MULTIDISCIPLINARY EXPERT CONSULTATION

According to histopathological examination and immunohistochemistry analysis of the excised tissue, multidisciplinary
consultation by the Department of Breast Surgery, Oncology, Ultrasound, and Pathology made the diagnosis - non-
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Figure 1 Preoperative and postoperative imaging corresponding surgical specimen and pathology analysis. A: Ultrasound image of the left
breast region at the upper outer area of the nipple demonstrating a 1.88-cm oval, parallel isoechoic mass; B: Surgical specimens showing the position of the surgical
scar; C: Computerized tomography reveals posterior nipple glands (the arrow points to the position where the back of the nipple is located); D: Postoperative defects
from outpatient surgery (the arrow points to the location of the residual cavity after removal of the mass); E: Histopathological examination of the excised breast tissue
showing a nodular lesion with relatively clear borders in the breast. Homogeneous clusters of tumor cells containing small nuclei together with slightly larger round
nuclei were suspended in abundant mucus material (mucus lake). The tumor invaded the surrounding adipose tissue and muscle tissue and did not invade the skin or
subcutaneous tissue. The ductal tissue of the breast was visible in the periphery, and no intraductal cancer changes were seen (hematoxylin-eosin, 200 x); F:
Pathology of the nipple and posterior nipple, and no cancerous tissue invasion was seen in the nipple and subpapillary ducts, and Paget's changes were not seen in
the skin (hematoxylin-eosin, 20 x).

retroareolar MMBC without gynecomastia (Figure 2).

FINAL DIAGNOSIS

The patient was given the diagnosis of male mucinous breast carcinoma.
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Figure 2 Pathology and immunohistochemistry analysis. A: Image showing clusters of tumor cells suspended in abundant extracellular mucin and
separated by ciliated fibrous intervals containing capillaries; B: Estrogen receptor (2+); C: Progesterone receptor (2+); D: AR (-); E: Ki-67 (5%); F: CerbB-2 (-) (scale:
100 pm; 200 x).

TREATMENT

Examination and ultrasound revealed a mass located anterior to the pectoralis major fascia that can be differentiated from
a muscle-derived mass. Subcutaneous fibroadenomas are slow growing and occasionally painful. In gynecomastia, the
masses are mostly located behind the nipple and are not very well defined with a soft texture. Lymphomas, which are
located in the chest 2.0 cm from the nipple in a non-normal lymphatic anatomical location, are more difficult to
distinguish and require pathological analysis for identification. The outpatient surgeon diagnosed a possible benign
fibroadenoma, which was surgically removed on December 12, and found the tumor lacked a capsule and the specimen
was brittle. According to histopathological examination and immunohistochemistry analysis of the excised tissue,
multidisciplinary consultation by the Department of Breast Surgery, Oncology, Ultrasound, and Pathology made the
diagnosis - non-retroareolar MMBC without gynecomastia. The patient was hospitalized and underwent modified radical
mastectomy (MRM) for breast cancer on December 30, 2022, Intraoperatively, the gynecomastia was seen to be very thin,
but the area was equivalent to that of a female. Pathological return: No cancerous tissue invasion of the nipple and
pectoralis major fascia, peri-cancerous breast: Granulomatous inflammation, postoperative lymph nodes: 0/20 (extra-
pectoralis minor 0/19; post-pectoralis minor 0/1), pT2NOMO.

OUTCOME AND FOLLOW-UP

Postoperative axillary and supracostal arch drains were less than 20 mL for three consecutive days starting on
postoperative day 6 and were removed on day 9. The patient had no adverse complaints. The flap hemorrhage in the
operative area was normal. Perioperative care was equivalent to that of female breast cancer (FBC) and no significant
discomfort for the patient during treatment. Tamoxifen (20 mg/d) was administered as adjuvant therapy (Figure 3). The
patient was followed up every three months in the outpatient clinic. The follow-up tumor marker carbohydrate antigen
153 fluctuated in the fifth month, and CT and ultrasound showed no abnormality.

DISCUSSION

MBC occurrence in men accounts for less than 1% of all breast cancer cases, and malignant tumors develop in less than
1% of affected men[11]. Different risk factors concurrently impact MBC development, including clinical disorders related
to hormonal imbalance, such as obesity, testicular disease, and radiation exposure; suspected epidemiological risk factors
are prostate cancer, prostate cancer treatment, occupational exposure, dietary factors, and alcohol intake[12]. By contrast,
carrying a BRCA2 mutation confers a lifetime risk for MBC to the male carrier, which is approximately 80-100 times
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Figure 3 Timeline of disease course.

higher than that in the general population[13]. The rate of mucinous adenocarcinoma of all invasive breast drops from 4%
to 2%[2,14]. Mucinous breast cancer rarely occurs in men. A single-center trial retrospectively assessed 16868 breast
cancer patients over 10 years, with 72 cases of MBC accounting for 0.42% of the total patient population and six cases of
mucinous adenocarcinoma accounting for 8.33% of the total MBC patient population[15].

The presence of extracellular mucin on microscopic observation is the basis for the microscopic diagnosis of mucinous
breast cancer, defined as pure mucinous cancer and mixed mucinous cancer (MMC) at a cutoff of 90%. MMC can be
further differentiated into partially mixed mucinous adenocarcinoma and mixed mucinous adenocarcinoma at a cutoff of
50%. Immunohistochemistry analysis revealed that the expression of estrogen and progesterone receptors was positive,
and that of the androgen receptor was negative.

A 71-year-old MBC patient was treated by a physician in Virginia in the 1970s[16]. Although he had bilateral breast
cancer, the pathology was not fully documented. However, searches for PubMed, several cases of male mucinous breast
cancer cases have been successfully treated in recent decades. We have summarized and analyzed mucinous adenocar-
cinoma cases among men (Table 1). As assessed using hematoxylin-eosin staining, all patients had mucinous adenocar-
cinoma[8-10,17-22]. In one case, the lesion type was mixed invasive ductal carcinoma (IDC) component[17], and in
another case, the lesion type was concurrent breast mucinous carcinoma and extramammary lymphoma[8]. The patient’s
age ranged from 35 to 83 years, with a mean age of 69.3 years. The history of onset ranged from 2-96 mo, with a median
time of nearly 12 mo, and swelling of the retroareolar region is the main factor for tumor development. No significant
difference was noted in the location of the masses to the left and right (four left and five right). All of them were located
posterior to the nipple-areolar region, except for one case wherein the mass was present in the axillary position. The mass
diameter was used as a statistical criterion, with a minimum value of 13 mm, a maximum value of 95 mm, and a mean
diameter length of 44.5 mm. Four of the eight patients who reported lymph node metastasis had combined lymph node
metastasis (50%). HER-2/CerbB-2 was tested in four patients with non-amplified or negative expressions. BRCA testing
was negative in two patients with combined diffuse large B-cell tumors and those with an IDC component. All patients
had MRM at the correct location. A Japanese patient underwent MRM after two resections of enlarged masses within a
period of 3 years until the fifth year, which was when the mass recurred and showed ipsilateral axillary lymph node
enlargement[22]. Postoperative adjuvant therapy revealed the following findings: All patients were treated with tamoxi-
fen hormone therapy, and two patients with positive axillary lymph nodes received radiotherapy; chemotherapy
combined with hormone therapy was observed in four patients before 2010 but not in four patients after 2010. Patients
underwent follow-up for a maximum of 60 mo and a minimum of 8 mo after surgery, and no recurrence or metastasis
was reported during the postoperative period of MRM, regardless of whether they had combined axillary lymph node
metastases.

Having presented the case, we now move on to discuss the broader implications and findings. In summary, the median
age of onset of mucinous adenocarcinoma in men is above 70 years. The history of onset of MMBC patients is longer than
a year, and the average mass size is greater than 40 mm; however, MMBC is frequently overlooked. The chief complaint
and the primary clinical manifestation of patients are swelling behind the nipple region or skin changes in the nipple
region. Patients with axillary metastatic lymph nodes had a predominantly 1-year history and a smaller average mass size
than the other patients; hence, it cannot be speculated that the length of history and mass size are the key factors
attributed to the occurrence of lymph node metastasis. Generally, the trend in postoperative adjuvant therapy has
switched from chemotherapy combined with endocrine therapy before 2010 to predominantly hormone therapy alone
after 2010, considering that it was influenced by the treatment of luminal-type FBC, while the treatment strategy changed
the same. All patients had better prognoses than men with nonspecific breast cancer. Previous case reports have shown
that the retroareolar mass usually occurs with gynecomastia and is in the inner margin of the nipple[22]. Another case of

WJCC | https://www.wjgnet.com 5958 September 6,2023 | Volumel1l | Issue25 |

Jaishideng®



Sun Q et al. Non-retroareolar male mucinous breast cancer

Table 1 Clinical case characterization

Case Tumor
Age . .. Past Tumor  Patholo Lymphatic HER2/CerbB- KI67 Adjuvant  DFS
Ref. Country 5 history  Laterality . max- . g){ . I . ER PR 0 BRCA  Surgery !
(yr) history . location  characteristic ~ metastasis 2 % therapy (mo)
(yr) diameter
Fujikawa et al Japan 35 2 Right Negative 80 Areola M Negative Positive  Positive None None None MRM C+TAM 30
[20], 1998
Peschos et al Greece 83 None Left None 70 Areola M None Positive  Positive None None None MRM C+TAM None
[19], 2008
Hammedietal  Tunisia 75 2 mo Right Negative 40 Areola M Positive +2 Negative Positive Negative None None MRM C+R+ 36
[10], 2010 TAM
Dragoumis etal ~ Greece 59 1 Right Negative 30 Areola M Positive Positive  Positive Negative None None MRM C+R+ 74
[21], 2012 TAM
Imakado and Japan 72 3 Left Negative 20 Areola- M Positive Positive  Positive None None None MRM TAM 60
Masudal22], aside
2012
Guptaetal[18], India 73 8 Right Negative 95 Areola M Negative Positive  Positive Middle 2 11 None MRM TAM 8
2015
Kim and Lee[8], Korean 78 1 Left Negative 35 Areola M + B-cell Positive + 2 None None  None None Negative MRM C+TAM 11
2021
Takahashietal  Japan 75 None Right Sister 13 Axilla M +1IDC Negative Positive  Positive Negative 33 Negative MRM TAM 24
[17], 2021 breast
cancer
Ahmed et al[9],  United 74 1 Left Thyroid 18 Areola M Negative None None  None None None MRM TAM 48
2022 States cancer
ER: Estrogen receptor; PR: Progesterone receptor; BRCA: Breast cancer susceptibility gene; DFS: Disease free survival; TAM: Tamoxifen; MRM: Modified radical mastectomy; M: Mastectomy; C: Chemotherapy; R: Radiotherapy.
mucinous breast cancer combined with Paget’s disease also had a nipple-centered clinical presentation[17]. We present
the first case of MMBC in the non-retroareolar region of the nipple. The patient had no evident signs of gynecomastia,
and the mass was located on the upper outer nipple at an easily misdiagnosed distance. The absence of cancerous tissue
in the nipple and posterior glands confirmed this finding. Similar to this finding, Mizutani et al[23] reported a rare case of
cutaneous mucinous adenocarcinoma in a 78-year-old man. In the fourth year of follow-up review after prostate cancer
treatment, an abnormally enlarged axillary lymph node (10 mm) was found, and a whole-body examination revealed the
presence of a 30-mm-sized mass in the patient’s inner upper right chest. For several years, the patient complained of a
mass in the right chest but did not pay close attention to it; eventually, the mass was surgically excised as a benign 1-cm
margin plus axillary lymph node dissection, and no breast tissue was found in the pathological specimen, but the enlar-
ged axillary lymph node, which was the patient’s chief complaint, demonstrated mucinous adenocarcinoma metastasis
[23]. This led to the following conclusions: (1) Mucinous tumors are easily missed; and (2) The incidence of axillary lymph
node metastases of chest mucinous tumors is higher than that anticipated. Considering the previously mentioned three
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surgical recurrence cases in Japan[22] and the 50% rate of axillary lymph node metastasis in cases of male mucinous
adenocarcinoma, as summarized here, MRM, including treatment for axillary lymph nodes, is an essential treatment
approach for MMBC patients. Because of the rarity of MBC, most of the affected patients have not been assessed in
treatment studies in past studies; therefore, treatment strategies for MBC have been largely extrapolated from evidence
for FBC[24,25]. Based on immunohistochemical characteristics, mucinous adenocarcinoma of the male breast is equivalent
to the luminal-type treatment strategy for postmenopausal FBC[26].

In our case, the patient’s gynecomastia symptoms are not visible because of the patient’s low BMI and the absence of
fat encapsulation in the gland beneath the skin. The patient was considered to have an atypical clinical presentation of
MMBC, and MRM is essential. Because of the strong expression of the hormone receptors (estrogen and progesterone
receptors), low tumor cell proliferation index indicated by Ki67, and negative pathological axillary lymph nodes, the
patient would have a well-predicted prognosis. A 5-year outpatient follow-up with endocrine treatment is required.

CONCLUSION

We encountered a rare case of MMBC. It was difficult to differentiate from MBC because the patient had no repres-
entative clinical indications of gynecomastia, and the mass was located distant from the nipple region. A diagnosis of
male mucinous breast cancer should be considered, even when the body surface mass on the male chest is not located in
the retroareolar region, and MRM and endocrine treatment is necessary.
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Abstract

BACKGROUND

Variants in the MYO7A gene commonly result in Usher syndrome, and in rare
cases lead to autosomal dominant non-syndromic deafness (DFNA11). Currently,
only nine variants have been reported to be responsible for DFNA11 and their
clinical phenotypes are not identical. Here we present a novel variant causing
DFNA11 identified in a three-generation Chinese family.

CASE SUMMARY

The proband was a 53-year-old Han male who presented with post-lingual
bilateral symmetrical moderate sensorineural hearing loss. We learned from the
patient’s medical history collection that multiple family members also had similar
hearing loss, generally occurring around the age of 40. Subsequent investigation
by high-throughput sequencing identified a novel MYO7A variant. To provide
evidence supporting that this variant is responsible for the hearing loss in the
studied family, we performed Sanger sequencing on 11 family members and
found that the variant co-segregated with the deafness phenotype. In addition, the
clinical manifestation of the 11 affected family members was found to be late-
onset bilateral slowly progressive hearing loss, inherited in this family in an
autosomal dominant manner. None of the affected family members had visual
impairment or vestibular symptoms; therefore, we believe that this novel MYO7A
variant is responsible for the rare DFNAL11 in this family.

CONCLUSION

We report a novel variant leading to DFNA11 which further enriches the
collection of MYO7A variants, and our review of the nine previous variants that
have been identified to cause DFNA11 provides a reference for clinical genetic
counseling.
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Core Tip: Autosomal dominant non-syndromic hearing loss caused by the MYO74 variant (DFNA11) is rare and charac-
terized by post-lingual sensorineural hearing loss with no or mild vestibular dysfunction. To date, only nine variants have
been identified to be responsible for DFNA11. Here we present a novel variant (c.1531G>A) causing DFNA11 identified in
a three-generation Chinese family. Progressive hearing loss is the only clinical manifestation in this family, and the onset age
of affected members is later and more concentrated than that of other DFNA11 families. Our findings further enrich the
collection of MYO7A mutations, and our review of the nine reported DFNA11 families can provide a reference for clinical
genetic counseling.

Citation: Xia CF, Yan R, Su WW, Liu YH. Autosomal dominant non-syndromic hearing loss caused by a novel mutation in MYO74:
A case report and review of the literature. World J Clin Cases 2023; 11(25): 5962-5969

URL: https://www.wjgnet.com/2307-8960/full/v11/i25/5962.htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i25.5962

INTRODUCTION

Hearing loss is the most common clinical manifestation in otology, with both genetic and environmental etiologies.
Genetic factors account for approximately 60% of cases[1,2]. To date, more than 150 genes have been linked to hearing
loss (https:/ /hereditaryhearingloss.org), including GJB2, GJB3, SLC26A4, and MYO7A. MYO7A is located at 11q13.5, has
49 exons encoding 2215 amino acids, and is mainly expressed in the inner ear, retina, testis, lungs, and kidneys[3].
Variants in MYO7A can cause both syndromic (Usher syndrome)[4-6] and non-syndromic deafness, with the latter
including autosomal dominant (DFNA11) and autosomal recessive (DFNB2) inheritance patterns[7-9].

Usher syndrome is the most common consequence of MYO7A variants, in which patients experience congenital
sensorineural hearing loss, progressive retinitis pigmentosa, and vestibular dysfunction. Furthermore, severe cases can
lead to deaf-mutism, total blindness, intellectual disability, and other disorders[10,11]. In contrast, the clinical symptoms
of DFNB2 caused by the MYO7A gene variant are milder than those of Usher syndrome and are mainly characterized by
congenital sensorineural hearing loss and vestibular dysfunction. A study by Astuto et al[12] found late-onset mild visual
impairment in members of a family with DFNB2. Hence, the authors determined that DFNB2 and Usher syndrome are
different stages of the same disease. However, this conclusion remains controversial, and visual impairment is still
commonly used as the primary criterion to distinguish syndromic from non-syndromic hearing loss caused by MYO7A.
Moreover, DFNAT11 is the rarest consequence of the MYO7A gene variant and mainly manifests as delayed post-lingual
sensorineural hearing loss. Most patients with DFNA11 present with mild or no vestibular dysfunction, but all cases
exhibit normal vision[13,14]. To date, no specific association between clinical manifestations and variant location has been
found, and only nine variants have been identified as causing DFNA11. The rarity of DFNA11 combined with its occult
and atypical clinical manifestations makes the diagnosis of DFNA11 more challenging.

Here, we describe a novel variant in the MYO7A gene (c.1531G>A) that caused DFNA11 in a three-generation Chinese
family. All affected members of this family presented with bilateral progressive sensorineural hearing loss beginning in
adulthood. Additionally, we provide a summary of the clinical and genetic features observed in previously reported
families with DFNA11.

CASE PRESENTATION

Chief complaints
The proband was a 53-year-old Han male who sought treatment at the outpatient clinic of Peking University First
Hospital for progressive hearing loss in both ears, manifested for more than 10 years.

History of present illness
The patient presented with bilateral hearing loss that began around the age of 40 and gradually affected daily listening
and communication. There were no vestibular disorders such as vertigo or unsteady walking.

History of past illness
The patient had no history of past illness.
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Personal and family history

The patient had no history of noise exposure, otitis media, or ototoxic drug use. However, it was understood that several
of the patient’s family members had similar symptoms, with slowly progressive bilateral hearing loss, also beginning
around the age of 40. Therefore, we contacted 11 additional members of the patient’s family (including four members
experiencing hearing loss) and obtained their consent to participate in our study (Figure 1). The first member of the third
generation (III:1) had a history of noise exposure for about 20 years because of his work. The remaining 11 family
members had no history of noise exposure, otitis media, or ototoxic drug use.

Physical examination
No abnormality was found in the ear examination of the 12 family members.

Laboratory examinations
The proband’s routine blood, liver function, renal function, and coagulation function tests showed no obvious
abnormalities.

Imaging examinations
Five family members with deafness were examined by high-resolution computed tomography of the temporal bone, and
no obvious abnormality was found.

Hearing, vestibular function, and eye examinations

We found that all five affected members had bilateral symmetrical moderate to profound sensorineural hearing loss
(Figure 2). The audiograms of the affected family members were flat or slightly sloping, and high-frequency hearing loss
was particularly severe. And none of them had vestibular dysfunction or visual impairment.

Genetic analysis

After written informed consent was obtained from all participants or their guardians, peripheral blood samples were
collected for genetic analysis. High-throughput sequencing was used for the proband, including the exons of 415 genes,
and partial deep intron regions of 147 genes reported by the Human Gene Mutation Database (https://www.hgmd.cf.ac.
uk/) were also detected. The coverage density of the probe (GenCap deafness gene capture probe V4.0, https://www.
mygeno.cn/) was increased in 29 common deafness pathogenic genes, among which GJB2, SLC26A4, and POU3F4 were
covered in full length. Deafness-related genes in the mitochondrial circular DNA were also detected using GenCap
Mitochondrial Loop Gene Capture Probe V1.0 (MyGenostics, Beijing, China). Then five candidate variants were identified
in the proband: MYO7A (c.1531G>A), TRIOBP (c.3689C>T), WHRN (c.2090C>T), USH1C (1534G>A), and PDZD7
(c.1529G>A). These variants were annotated using ANNOVAR (v20200607)[15] and compared with the Exome
Aggregation Consortium (ExAC, v0.3.1, Broad Institute, United States), 1000 Genomes (http://www.1000genomes.org/),
and Genome Aggregation Database (gnomAD, http://www.gnomad-sg.org/) databases. The pathogenicity of the
variants was predicted using Rare Exome Variant Ensemble Learner (REVEL, https://sites.google.com/site/revelge-
nomics/), Mutation Taster (https://www.mutationtaster.org/), and PolyPhen2 (http://genetics.bwh.harvard.edu/
pph2/) programs. At the same time, we obtained the spatial structure of the MYO7A protein with AlphaFold2 (https://
alphafold.ebi.ac.uk), and then used PyMOL (v2.5.4, Schrodinge, United States) to map and analyze the effect of the
mutation on the structure of MYO7A protein. Finally, Sanger sequencing of the remaining 11 family members showed
that only MYO7A (c.1531G>A) co-segregated with the deafness phenotype. This variant resulted in the conversion of Asp
to Asn at position 511 of the MYO7A protein (Figure 3A), an amino acid highly conserved among species (Figure 3B).
This variant was not detected in the control group consisting of 200 Chinese Han individuals with normal hearing, or in
the ExAC, 1000 Genomes, or gnomAD database. The pathogenicity of this variant was predicted to be “probably
damaging” (0.994) by PolyPhen-2, “damaging” (0.853) by REVEL, and “disease-causing” (1.000) by Mutation Taster. As
shown in Figure 3C, the Asp at position 511 of wild-type MYO7A protein is located in the motor domain, has three
hydrogen bonds with surrounding amino acids, and has electrostatic interaction with Lys at position 515. However, the
p-Asp511Asn variant loses one hydrogen bond and the only electrostatic interaction.

FINAL DIAGNOSIS

The phenotype of deafness in this family was typical of late onset and progressive sensorineural hearing loss, which is
consistent with that reported in other families with DFNA11. The MYO7A (c.1531G>A, p.D511N) variant co-segregated
with the deafness phenotype in an autosomal dominant pattern in this family. The variant was not detected in 200 normal
hearing controls, or in the ExAC, 1000 Genomes, or gnomAD database. Finally, the variant was predicted to be generally
damaging by REVEL, Mutation Taster, and PolyPhen2. The p.511D is highly conserved among species, and PyMOL
analysis suggests that the structural stability of the MYO7A protein was destroyed after Asp was replaced by Asn in the
variant. Based on the above evidence and following the criteria of the American College of Medical Genetics and
Genomics, we diagnosed the affected members of this family with autosomal dominant hearing loss caused by the
MYO7A (c.1531G>A, p.D511N) variant.
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Figure 1 Pedigree of the DFNA11 family. The arrow indicates the proband. Horizontal lines above the individuals indicate that genetic testing was performed.
The age of each subject at the time of genetic testing is listed on the top-right region of each symbol. The genotype of MYO7A for each individual is indicated below
the symbol, heterozygous mutant: ¢.1531G>A/- or wild type: -/-.
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Figure 2 Pure-tone audiogram of the five affected members in this family. Each person presented bilateral symmetrical moderate-to-profound
sensorineural hearing loss, with audiograms that were either flat or slightly downward-sloping at high frequencies. Specifically, Ill:1 had particularly profound hearing
loss owing to occupational noise exposure.

TREATMENT

We advised the five hearing-impaired members to protect their residual hearing by avoiding exposure to noise and
ototoxic drugs. In addition, the family members were advised to wear hearing aids to improve hearing and daily
communication.
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Figure 3 Location of nucleotide changes and functional analysis of the variant. A: DNA sequence chromatograms. Arrows indicate the site of the
mutation, which results in the p.D511N variant; B: Evolutionary conservation of Asp at position 511 (indicated by the arrow) on the MYOT7A protein; C: The wild-type
and variant (p.D511N) of the MYO7A protein. Yellow dashed lines represent hydrogen bonds between amino acids, and the purple dashed line represent electrostatic
interaction between amino acids.

OUTCOME AND FOLLOW-UP

Hearing aids greatly improved the hearing and quality of life for the affected family members, as we learned in our
telephone follow-ups 3 mo later. Considering that all participants” hearing loss will progress with age, they were
encouraged to make regular follow-up visits and facilitate timely adjustment of hearing aid parameters.

Review of the literature

We searched for articles in the PubMed database published up to December 2022 using the keywords “DENA11”, “
MYO7A”, “autosomal dominant inheritance”, and “hearing loss”. A total of 11 families with DFNA11, including nine
MYO7A mutation sites, were identified by genetic analysis. The genotype, hearing status, age of onset, and other
information of these families are shown in Table 1[8,13,14,16-22].

DISCUSSION

Since the first family with DFNA11 was reported by Liu et al in 1997[8], nine variants from 11 families have been
identified to be responsible for DFNA11. The clinical phenotypes of deafness in members of these families with DFNA11
varied; however, most presented with post-lingual progressive sensorineural hearing loss[16,20]. In the family of this
study, the affected members presented bilateral symmetrical sensorineural hearing loss. The audiograms of the affected
family members were flat or slightly sloping, and high-frequency hearing loss was particularly severe, which is consistent
with the symptoms previously reported in families with DFNA11[13,14,20]. In the family of this study, the onset age of
hearing loss among affected members was relatively late and concentrated, occurring at around 40 years old. This differs
from most reported families with DFNA11, where the age span of onset is larger and hearing loss occurred before
adulthood in many cases[14,17,22]. The hearing loss of the second-generation members was generally more severe than
that of the third-generation members, which also horizontally reflects that hearing loss progresses with age. However,
differences were observed between III:1, III:3, and III:5, who were in the same age group. Although the presence of
genetic modifications cannot be excluded[23], environmental effects on the phenotype, such as chronic exposure to noise (
i.e., III:1), should also be considered. Therefore, the preservation of residual hearing is one of the important therapeutic
measures. Moreover, it is essential to select hearing aid devices according to the hearing threshold and actual needs of
each patient, to minimize the impact of DFNA11 on their daily life.
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Table 1 Summary of the identified DFNA11 variants

‘ Patient Age of onset . Vestibular Famil
Mutation Exon Structure g Audiogram - y Ref.
number (yr) symptoms origin

€.2656-2664del/ A886- 22 Coiled coil ~ 8/19 12-16 Flat/sloping Absent Japan [8]

K888Del

€.652G>A/p.D218N 7 Motor 11/29 20-47 Flat/sloping Absent China [13]
domain

€.689C>T/p.A230V 7 Motor 1 (sporadic 4 U-shaped Absent Japan [16]
domain case)

c.689C>T/p.A230V 7 Motor 9/18 Mean 6-7 Flat/sloping Bilateral areflexia Italy [17]
domain

c.1373A>T/p.N458I 13 Motor 11/26 4-43 Ascending-flat- Vertigo and unsteady ~ Netherlands  [18]
domain sloping walking

¢.2003G>A/p.R668H 17 Motor 9/15 17-45 Ascending-flat- - China [19]
domain sloping

c.2011G>A/p.G671S 17 Motor 9/23 10-39 Ascending-flat- Absent China [13]
domain sloping

¢.2011G>A/p.G671S 17 Motor 11/29 13-40 Flat/sloping Absent China [20]
domain

¢.2164G>C/p.G722R 17 Motor 13/43 20-30 Ascending-flat- Absent United States  [21]
domain sloping

¢.2557C>T/p.R853C 21 1Q5 5/12 1mo to - Mild dysfunction Germany [22]

puberty

¢.2558G>A/p.A853H 21 1Q5 12/23 1-33 Flat/sloping Absent Japan [14]

¢.1531G>A/p.D511N 13 Motor 5/12 35-42 Flat/sloping Absent China This
domain report

In the inner ear, MYO7A is expressed in hair cells, utricles, and semicircular canals and is involved in the
transmembrane transport of proteins and functional maintenance of hair cells[24,25]. In the eyes, MYO7A is mainly
expressed in photoreceptors and pigment epithelial cells and its main function is to transport visual proteins together
with connecting cilia[26,27]. Therefore, in most cases, variants in MYO7A cause dysfunction in the encoded protein,
leading to both sensorineural hearing loss and visual impairment. In the eye, the dysfunctional protein may be
compensated by other proteins in the retina[18]; nonetheless, its function in the inner ear is unique[25,28]. Therefore,
patients with variants in MYO7A can present only hearing loss and mild or no vestibular dysfunction with no ocular
symptoms[17,18,22], resulting in rare non-syndromic hearing loss. In the family of this study, the phenotype of hearing
loss of the study participants is consistent with an autosomal dominant inheritance pattern, and clinical examination
revealed no visual impairment or vestibular symptoms in the affected members. This is consistent with the symptoms
reported in families with DFNA11. The only symptom of the studied family was slowly progressive hearing loss, which
may also have contributed to the delay in seeking medical attention.

The protein encoded by MYO7A belongs to the myosin family, which is composed of three regions: the N-terminal
head (motor domain), IQ5 neck, and C-terminal tail, the last of which begins with a single o-helix domain[29,30]. The
motor domain contains the binding domains of adenosine triphosphate and actin, which are the core functional areas of
the molecule[31]. The variant identified in this study leads to the loss of hydrogen bond and electrostatic interaction in
the motor domain, which is predicted to cause a decrease in the stability of the local structure and subsequently affect the
function of the MYO7A protein.

In a clinical setting, a diagnosis of this type of post-lingual hereditary hearing loss requires ruling out many lesions of
the middle and inner ear, as well as nerve damage caused by noise, drugs, autoimmunity, or other factors. The key points
of differential diagnosis are to inquire about the characteristics of hearing changes carefully, collect details on the
patient’s personal and family medical history, and complete various clinical examinations. For rare variants, extensive
clinical and genetic data collection from family members is a prerequisite for diagnosis. Based on the results presented
above, we made the diagnosis and provided effective treatment recommendations and genetic counseling for all family
members. However, owing to the limited experimental conditions, we did not conduct further verification of the
pathogenic mechanism of this variant.

CONCLUSION

In this study, we report a new family with DFNA11 caused by a MYO7A variant, which provides a new screening site for
hereditary deafness. At the same time, the late onset age of hearing loss in the studied family also provides new insights
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into the clinical phenotype of DFNA11.
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Abstract

BACKGROUND

Apical hypertrophic cardiomyopathy (AHCM) is a subtype of hypertrophic
cardiomyopathy. Due to its location, the thickening of the left ventricular apex can
be missed on echocardiography. Giant negative T waves (GNTs) in left-sided
chest leads are the hallmark electrocardiogram (ECG) change of AHCM.

CASE SUMMARY

The first patient was a 68-year-old woman complaining of recurrent chest
tightness persisting for more than 3 years. The second was a 59-year-old man
complaining of spasmodic chest tightness persisting for more than 2 years. The
third was a 55-year-old woman complaining of recurrent chest pain persisting for
4 mo. In all three cases, GNTs were observed several years prior to apical cardiac
hypertrophy after other causes of T-wave inversion were ruled out.

CONCLUSION
Electrophysiological abnormalities of AHCM appear earlier than structural
abnormalities, confirming the early predictive value of ECG for AHCM.

Key Words: Electrocardiogram; Negative T waves; Hypertrophic cardiomyopathy; Apical
hypertrophic cardiomyopathy; Echocardiography; Case report
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Core Tip: Apical hypertrophic cardiomyopathy (AHCM) is a subtype of hypertrophic cardiomyopathy that is thought to be
associated with sudden death. Owing to its atypical clinical symptoms and insidious progression, early diagnosis is difficult.
We followed up three patients who eventually progressed to AHCM over a period of several years. Giant negative T waves
in the left-sided chest leads of these three patients occurred earlier than thickening of the left ventricular apex as detected via
echocardiography. Therefore, we suggest that electrophysiological abnormalities in AHCM appear earlier than structural
abnormalities and that electrocardiogram may have early predictive value for AHCM.
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INTRODUCTION

Apical hypertrophic cardiomyopathy (AHCM) is an uncommon type of hypertrophic cardiomyopathy (HCM) charac-
terized by thickening of the left ventricular apex. The prevalence rate of AHCM is higher in Asia than those in Europe
and America[1]. In China, AHCM accounts for 16% of all cases of HCMJ?2]. It lacks specificity in clinical symptoms with
about 50% of patients not having obvious symptoms|[3]. The concept of AHCM was first proposed in 1976 by Sakamoto et
al[4], who summarized its features as giant negative T waves (GNTs) in leads V3-V4 on electrocardiogram (ECG) and a
spade-like configuration of the left ventricular cavity at end-diastole on left ventriculography. Because the lesion site of
AHCM is the left ventricular apex, its diagnosis may be overlooked on echocardiography. Therefore, patients considered
likely to progress to AHCM can initially be screened by ECG. In addition, if patients with AHCM tendencies are
identified early, early medical intervention can be initiated to delay disease progression. This could reduce the hospital-
ization rate and risk of sudden death in patients with AHCM. Before the diagnosis of AHCM, some patients exhibit T-
wave changes similar to AHCM on their ECG, but echocardiography at the time shows no left ventricular apical
myocardial thickening. Only several years later is AHCM diagnosed by echocardiography. Despite not reaching the
diagnostic criteria of AHCM, cardiac hypertrophy in such patients appears in the left ventricular apical myocardium.
Here, we report three cases of patients presenting with T-wave changes several years prior to apical cardiac hypertrophy
being detected on echocardiography.

CASE PRESENTATION

Chief complaints
Case 1: A 68-year-old woman complained of recurrent chest tightness persisting for more than 3 years.

Case 2: A 59-year-old man complained of spasmodic chest tightness that had persisted for over two years and was
aggravated two days prior to his hospital visit.

Case 3: A 55-year-old woman complained of recurrent chest pain persisting for more than 4 mo.

History of present illness

Case 1: For the previous 3 years, the patient had experienced recurrent episodes of chest tightness, each lasting no more
than 10 min. Her chest tightness was often induced by exercise and could be relieved by rest. She experienced no marked
radiating discomfort in the shoulder or back.

Case 2: The patient had developed spasmodic chest tightness more than 2 years before the current visit. The episodes of
chest tightness had no obvious trigger, occurred once or twice a week, lasted 3-5 min each, and resolved spontaneously.
In the previous 2 days, the frequency of chest tightness attacks had increased to three to five times per day, prompting the
patient’s hospital visit.

Case 3: The patient had recurrent episodes of chest pain for nearly 4 mo. Her chest pain was often induced by exercise or
emotional excitement, lasted about 5 min per episode, and was relieved after rest. She did not experience marked
radiating pain in the shoulder or back when she had chest pain.

History of past illness
Case 1: She had a medical history of rheumatoid arthritis and had been admitted repeatedly for chest tightness or
arthralgia from 2016 to 2020.

Case 2: The patient had a medical history of type 2 diabetes and an abnormal lipid profile.
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Case 3: The patient had a medical history of systemic lupus erythematosus.

Personal and family history
Case 1: The patient had no related personal or family history.

Case 2: The patient had a history of smoking of more than 30 years and no family history of related diseases.

Case 3: The patient had no relevant personal or family history.

Physical examination
Case 1: Physical examination of the patient’s heart, lungs, and abdomen was unremarkable. Her first interphalangeal joint
and wrist joint were swollen and painful.

Case 2: Physical examination results were unremarkable.

Case 3: Physical examination of the heart, lungs, and abdomen was unremarkable. The patient had butterfly-shaped
erythema on the face, swelling and pain of the knee joints and elbows, and scattered ring erythema on the legs.

Laboratory examinations
Case 1: Laboratory test results were unremarkable.

Case 2: Laboratory test results were unremarkable.

Case 3: Laboratory test results were unremarkable.

Imaging examinations

Case 1: After echocardiography was performed four times over the years, she was finally diagnosed with AHCM in 2020.
In 2016, the patient’s ECG showed negative or biphasic T waves in leads V4 to V6, which evolved dynamically. ECG
changes were seen significantly earlier than hypertrophy in the left ventricular apex and the diagnosis of AHCM
(Figure 1). In addition, the patient had undergone coronary angiography in 2016, and the results showed no coronary
artery stenosis.

Case 2: The patient underwent echocardiography twice in 2016 and 2020. In 2016, the patient underwent cardiac MR
examination, and no obvious abnormalities were found Echocardiography in 2020 showed cardiac hypertrophy in the left
ventricular apex. However, the ECG of the patient in 2016 showed GNTs in leads V3-V6 (Figure 2). The patient had
undergone coronary angiography in 2016, and the results showed no coronary artery stenosis.

Case 3: The patient underwent echocardiography three times between 2016 and 2020. Echocardiography in 2020 showed
cardiac hypertrophy at the left ventricular apex. The ECG of the patient in 2016 showed GNTs in leads V3-V6 (Figure 3).
The patient underwent coronary angiography in 2019, and the results showed no coronary artery stenosis.

FINAL DIAGNOSIS

Based on the examination findings, the final diagnosis was AHCM in all three cases.

TREATMENT

The underlying diseases and comorbidities of the three patients were treated with symptomatic treatment.

In case 1, sublingual nitroglycerin was given to relieve the patient’s paroxysmal chest tightness and chest pain.
Methotrexate and leflunomide were taken continuously and regularly, and oral glucocorticoids were used intermittently
for the patient’s rheumatoid arthritis. Celecoxib was also administered to relieve joint pain.

In case 2, sublingual nitroglycerin was given to relieve paroxysmal chest tightness, oral metformin and acarbose were
given to treat type 2 diabetes mellitus, oral atorvastatin was given to treat dyslipidemia, and aspirin was given to inhibit
platelet aggregation.

In case 3, sublingual nitroglycerin was given for relief of paroxysmal chest pain. Cyclophosphamide, taken regularly
and continuously, and oral glucocorticoids were used for systemic lupus erythematosus.

OUTCOME AND FOLLOW-UP

The patient in case 1 died from malignant arrhythmia in 2020. The remaining patients are still being monitored.
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Figure 1 Evolution of left ventricular apical thickness and T-wave amplitude in chest leads of electrocardiogram in case 1. A:
Electrocardiogram showed that T-wave inversion amplitude in chest leads gradually deepened from 2016 to 2020; B: Echocardiography showed that the left
ventricular apical thickness gradually increased from 2016 to 2020.

DISCUSSION

The three patients reported herein had extensive T-wave changes in left-sided chest leads (V3-V6) and GNTs on average
2.3 years before the diagnosis of AHCM. These diagnoses were made after excluding myocardial ischemia due to
coronary artery disease by coronary angiography. No cerebrovascular accidents had occurred, nor did the patients have
Takotsubo syndrome or other possible conditions that might lead to the observed ECG changes. The T-wave changes of
these patients did not disappear and showed a trend of continuous evolution even after hypertrophy in the left
ventricular apex was found by echocardiography and AHCM was diagnosed. Unexplained T-wave inversion in left-sided
chest leads is not uncommon, but the final diagnosis of AHCM by echocardiography after long-term follow-up is rare.

AHCM is considered an autosomal dominant disease with familial clustering. It is more prevalent in men (74.4%)[5].
From the perspective of pathophysiology, left ventricular apical hypertrophy impacts left ventricular diastolic function.
This reduces left ventricular filling volume, resulting in lower cardiac output and progressive heart failure. Apical
myocardial fibrosis reduces the relaxation and compliance of ventricular muscles, resulting in increased left ventricular
filling pressures potentially leading to left atrial enlargement, atrial fibrillation, and an increased risk of stroke.
Hypertrophic apical myocardium could lead to myocardial ischemia unrelated to coronary arteries owing to papillary
muscle microvascular dysplasia and low blood flow reserve. This could then develop into myocardial infarction or apical
ventricular aneurysm, thereby increasing the chances of malignant arrhythmias and sudden death[6,7]. In short, AHCM
is a latent threat to patients’ lives. Early prediction and early intervention could profoundly delay its progression and
prevent complications.

The diagnosis of AHCM is based on echocardiography and myocardial magnetic resonance imaging. Currently, the
most accepted diagnostic criteria are a maximum apical thickness > 15 mm, maximum apical thickness/left ventricular
posterior wall thickness > 15 mm, and exclusion of other causes of cardiac hypertrophy[6]. Some experts argue that the
imaging diagnostic criterion of maximum apical thickness > 15 mm could be lowered to > 13 mm when a patient with a
thin myocardium at the apex has typical ECG changes, a family history of HCM, or genetic testing results indicating
AHCM[S].

ECG also has value in the diagnosis of AHCM. Sakamoto et al[4] emphasized the value of GNTs in the diagnosis of
AHCM, which has been affirmed in the European Society of Cardiology HCM Diagnosis and Treatment Guidelines[9].
Studies have shown that approximately 90% of patients with AHCM have T-wave inversion, and the incidence of GNTs
is approximately 11%-47%][3].

We found that the ECG showed obvious GNT changes several years before the imaging findings of hypertrophy in the
left ventricular apex, which implies the greater sensitivity of ECG for apical hypertrophy compared to imaging. Thus, it
follows that for AHCM, cardiac electrophysiological abnormalities are seen earlier than structural abnormalities. In the
three patients reported herein, significant T-wave inversion in left-sided chest leads was observed at an average of 2.3
years before the appearance of hypertrophy in the left ventricular apex on echocardiography. The average duration of
ECG changes is affected by the frequency of echocardiography and ECG during follow-up. Although the small sample in
our report inevitably subjects our results to bias, it suggests the predictive value of ECG on cardiac hypertrophy in the left
ventricular apex. It can also prove the importance of long-term follow-up in patients with T-wave inversion in left-sided
chest leads.
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Figure 2 Evolution of left ventricular apical thickness and T-wave amplitude in chest leads of electrocardiogram in case 2. A:
Electrocardiogram showed that T-wave inversion amplitude in chest leads gradually deepened from 2016 to 2020; B: Echocardiography and cardiac magnetic
resonance showed that the left ventricular apical thickness gradually increased from 2016 to 2020.

In addition, the clinical symptoms of the three patients appeared later than the changes found on echocardiography,
and only when cardiac hypertrophy evolved to a certain degree did the symptoms become apparent. Simultaneously,
because ECG is more sensitive in the prediction of apical cardiac hypertrophy, its auxiliary diagnostic value for early
asymptomatic patients with AHCM should not be ignored.

In the future, more patients with extensive T-wave inversion in left-sided chest leads need to be evaluated in case-
control studies with higher levels of evidence in order to enable evidence-based medicine for such patients. At the same
time, early genetic testing combined with T-wave changes in ECG should provide a more accurate clinical diagnosis.

CONCLUSION

Extensive T-wave inversion in leads V3-V6 occurred significantly earlier than left ventricular apical cardiac hypertrophy
detected by echocardiography. Therefore, after excluding other conditions that may cause extensive T-wave inversion in
left-sided chest leads, extensive T-wave inversion in leads V3-V6 may have early predictive value for AHCM. For patients
with extensive T-wave inversion in left-sided chest leads, no left ventricular apical cardiac hypertrophy on echocardio-
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Figure 3 Evolution of left ventricular apical thickness and T-wave amplitude in chest leads of electrocardiogram in case 3. A:
Electrocardiogram showed that T-wave inversion amplitude in chest leads gradually deepened from 2016 to 2020; B: Echocardiography showed that the left
ventricular apical thickness gradually increased from 2016 to 2020.

graphy, and exclusion of other causes such as ischemia, the possibility of AHCM should be considered. This may
improve clinical decision-making.
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Abstract

BACKGROUND

Pyomyositis generally occurs in otherwise healthy young men. Because this
condition is unusual among otherwise healthy women in temperate climates, we
present the following case.

CASE SUMMARY

An otherwise healthy 43-year-old woman presented with bilateral pain in her
lower extremities and fever. Magnetic resonance imaging (MRI) findings were
indicative of myositis with a possible abscess. We initiated empirical antibiotic
therapy with ceftriaxone. However, the swelling and pain in her legs persisted
even after 7 d of treatment. Contrast MRI revealed multiple pockets of pus in the
vastus lateralis and gluteal muscles. We performed needle aspiration of these
abscesses with ultrasound guidance and local anesthesia. Upon culturing, the
purulent material was positive for Staphylococcus aureus. We diagnosed her with S.
aureus-induced pyomyositis of the vastus lateralis muscle and gluteus region.
Based on the antibiotic sensitivity report, ceftriaxone was administered for an
additional 7 d. By day 15 post-drainage, the patient was able to start walking. Oral
antibiotic therapy was continued for 1 wk following her discharge from hospital,
after which her symptoms resolved completely.

CONCLUSION

Pyomyositis may present with muscle pain, swelling, and fever. Ultrasound-
guided percutaneous puncture and drainage may enable timely diagnosis and
treatment.

Key Words: Pyomyositis; Endoscopic ultrasound-guided fine-needle aspiration;
Staphylococcus aureus; Climate; Magnetic resonance imaging; Case report
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Core Tip: Pyomyositis generally occurs in otherwise healthy young men. We report a case where pyomyositis occurred in an
otherwise healthy 43-year-old woman in a temperate climate. This case is unusual because, in temperate regions,
pyomyositis usually occurs in immunocompromised patients, such as those with diabetes mellitus. Owing to its rarity in
temperate climates and its presentation being characterized by non-specific signs and symptoms, its diagnosis and treatment
can be delayed, which can lead to septic shock and death. We hope that our report will help raise awareness and guide the
future treatment of patients with pyomyositis.

Citation: Cui M, Zhang G, Zhang N, Han L, Ma ZQ. Bilateral thigh pyomyositis in an otherwise healthy middle-aged woman: A case
report. World J Clin Cases 2023; 11(25): 5977-5981

URL: https://www.wjgnet.com/2307-8960/full/v11/i25/5977.htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i25.5977

INTRODUCTION

Pyomyositis is a bacterial infection of skeletal muscle, usually caused by hematogenous dissemination and often
accompanied by abscess formation. Tropical myositis, a suppurative disease, mainly affects children aged 2-5 years and
adults aged 20-45 years, whereas pyomyositis in temperate climates mainly affects adult men with coexisting conditions.
The reported incidence of pyomyositis in temperate climates has been increasing, owing to the increased use of diagnostic
imaging. Pyomyositis generally occurs in otherwise healthy young men, manifesting as muscle swelling, marked
tenderness, and indurated muscle swelling that progresses to woody induration of the muscle and overlying tissues[1].
Because this condition is unusual among otherwise healthy women in temperate climates, we present the following case.

CASE PRESENTATION

Chief complaints
A 43-year-old woman, 156 cm in height and 69 kg in weight, who was employed as a cashier in a bakery, was admitted to
the department of pain medicine for pain in both of her legs.

History of present illness

The pain had persisted for 3 d, with substantial movement restriction. The patient denied any history of trauma or
vaccine injection. She had initially undergone an ultrasound examination of her lower limbs, which had ruled out arteri-
ovenous thrombosis. Despite receiving therapy comprising non-steroidal anti-inflammatory drugs and rest, under the

assumption that her pain was caused by muscle strain, the pain and swelling increased and the patient developed a fever
and chills.

History of past illness
The patient had no history of diabetes.

Personal and family history
The patient did not report having experienced any injury or trauma, and had no recent history of infection, foreign travel,
or immunosuppression.

Physical examination

We admitted the patient to investigate the etiology of her fever and pain. Upon physical examination her temperature
was 39.1°C, pulse rate was 90 beats/min, and blood pressure was 100/65 mmHg. Her visual analog scale score was 8 cm.
No wounds or breaks in the skin were noted on her lower extremities. She had tenderness in both her thighs and left knee
joint, as well as in her bilateral gluteus media and small gluteus muscles. Both of the patient’s thighs were swollen and
had a sensation of warmth, although no erythema, ecchymosis, or fluctuance were noted in these areas. Respiratory,
neurological, and cardiovascular examination results were all normal.

Laboratory examinations

A hematological examination conducted upon the patient’s admission to hospital revealed leukocytosis [white blood cell
(WBC) =19.67 x 10°/L] and neutrophilia (neutrophils = 17.92 x 10°/L; 91.1%). Her hemoglobin concentration was 83 g/L,
C-reactive protein (CRP) concentration was 192 mg/L (normal value: < 7 mg/L), erythrocyte sedimentation rate (ESR)
was 96 mm/h (normal value: < 20 mm/h), and her creatine kinase concentration was 306 IU/L (normal value = 24-170
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IU/L). Routine urine and stool cultures, liver and kidney function, electrolyte levels, and myocardial enzyme profile were
all within the normal range. Tests for autoantibodies associated with rheumatic diseases were negative.

Imaging examinations

Plain radiographs revealed no bony abnormalities of the knee joint. A lower limb venous ultrasonography excluded
phlebothrombosis. A computed tomography (CT) scan of the thorax, abdomen, and pelvis revealed no abnormalities. As
we suspected that the patient might have pyomyositis, magnetic resonance imaging (MRI) was performed, which
revealed widespread infiltrative edema within the vastus lateralis muscle, indicative of myositis with a possible abscess.
We observed no signs or symptoms of knee joint effusion, osteomyelitis, or infiltration.

Initial treatment, responses, and further examinations

After obtaining blood cultures, we started the patient on empirical antibiotic therapy with ceftriaxone. She remained
febrile during her first 3 d of hospitalization, and after 4 d of antibiotic treatment her temperature decreased to normal
levels. Blood cultures taken upon presentation revealed no growth after 3 d. Subsequent laboratory tests revealed
improvements in leukocyte (11.31 x 10°/L) and neutrophil (9.06 x 10°/L) concentrations.

Because we suspected that the patient might have pyomyositis and as 7 d of antibiotic treatment alone did not
significantly relieve the swelling or pain in her legs, a repeat MRI of the thighs and hip joint was performed with
enhanced contrast. This revealed multiple pockets of pus in the vastus lateralis and gluteal muscles (Figure 1). We
performed needle aspiration of these abscesses with ultrasound guidance and local anesthesia, draining about 40 mL (30
mL from the left leg and 10 mL from the right) of purulent material. The purulent content was sent for culturing. The
patient’s condition improved after aspiration. Physical examination revealed a reduction in muscle tenderness and
localized indurations. A follow-up ultrasound done 3 d after aspiration revealed the accumulation of residual fluid
measuring 1.5 cm X 1.2 cm. The patient declined a second round of aspiration. Staphylococcus aureus was observed in the
aspiration culture.

FINAL DIAGNOSIS

In the end, the patient was diagnosed with S. aureus-induced pyomyositis of the vastus lateralis muscle and gluteus
region.

TREATMENT

Based on the antibiotic sensitivity report, ceftriaxone was administered for an additional 7 d.

OUTCOME AND FOLLOW-UP

By day 15 post drainage, the patient was able to start walking. Laboratory tests revealed a decrease in her WBCs (within
the normal range), ESR (59 mm/h), and CRP concentration (6.2 mg/L). Oral antibiotic therapy was continued for 1 wk
after the patient was discharged. The total duration of therapy was 3 wk. Subsequent follow-up visits revealed a gradual
relief of her symptoms. By her 4-mo follow-up visit, her ESR and CRP concentration had normalized. The patient
experienced complete resolution of her symptoms and had no further complaints.

DISCUSSION

Pyomyositis affects the skeletal muscles, manifesting as high-grade fever with pain in the affected limbs. It is generally
considered a tropical infectious disease that affects otherwise healthy children and adults, but it has also been diagnosed
with increasing frequency in other parts of the world since the 1970s, with the spread of routine diagnostic imaging tests
[2]. The pathogenesis of tropical myositis remains unclear, although it may be related to trauma, parasites, nutritional
deficiencies, and viruses.

As this disease is relatively rare in temperate regions and its early presentation is characterized by signs and symptoms
that are not very specific, pyomyositis is usually not added to differential diagnoses of muscle pain and swelling until
patients fail to respond to treatments of the alternative diagnoses. The case we report here is unusual, as the patient was
an otherwise healthy, middle-aged woman with an unremarkable medical history. The muscles involved in pyomyositis
are usually deep, so typical inflammatory manifestations may not be visible on the surface. Therefore, pyomyositis
should be differentiated from osteomyelitis, malignant tumors, hematoma, septic arthritis, deep vein thrombosis, and
thrombotic phlebitis. When pyomyositis is not promptly and properly treated, serious complications such as muscle
abscesses, cerebral abscesses, renal failure, septicemia, and death may occur|[3,4].

Pyomyositis is characterized by fever, local swelling, and pain. In severe cases, it can lead to shock and death. The large
muscle groups of the pelvic girdle and lower extremities are the most common sites of infection. The thigh muscles,
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Figure 1 Abscess (arrow) in the gluteal and quadriceps muscles as visualized by T2-weighted magnetic resonance imaging. A: Axillary view;
B: Sagittal view; C and D: Coronal view.

particularly the quadriceps (26%), are the most commonly affected muscles, followed by the iliopsoas (14%) and gluteal
(10%) muscles[2,5]. The gold standard for the diagnosis of pyomyositis is MRI[6]. In the present case, the patient
exhibited swelling and warmth in her thighs, and the final diagnosis was S. aureus-induced pyomyositis, based on the
results of an MRI and aspirated fluid cultures. In patients with pyomyositis, blood cultures are usually negative, whereas
aspirated fluid cultures are usually positive. In > 85% of cases, S. aureus is the causative organism[3,7].

The principle treatment for suppurative pyomyositis is surgical incision and drainage combined with intravenous
antibiotic administration for 2-3 wk. Such drainage can be performed via open surgery, aspiration under ultrasound or
CT guidance, or percutaneously. Pyomyositis has been described as having three stages: Invasive, suppurative, and
septic, representing a gradual progression from diffuse inflammation to focal abscess formation to a septic state[8]. By the
time the disease has progressed for 2-3 wk, suppuration becomes apparent. At that stage, puncture aspiration of the local
abscess can be performed. Percutaneous abscess drainage combined with antibiotic therapy is an effective method for the
treatment of tropical pyomyositis (also in the suppurative phase). Such drainage can shorten the duration of antibiotic use
and hospital stay[9].

The patient in this case was treated with 2 wk of intravenous ceftriaxone, followed by oral antibiotic therapy for 1 wk.
As the infection was rather advanced, we performed needle aspiration with ultrasound guidance of the vastus lateralis
muscle and gluteus abscess, under local anesthesia. The patient’s condition improved following aspiration. No clear
guidelines exist for the duration of such antibiotic treatment, but most experts recommend a combination of intravenous
and oral antibiotics for 3-8 wk, regardless of whether the abscess is drained[10]. The duration of therapy for our patient
was 3 wk. Surprisingly, pyomyositis rarely requires amputation compared to necrotizing fasciitis and myonecrosis. Even
when muscle damage is severe, residual deformities and dysfunction are rarely observed. At the 4-month follow-up visit,
our patient exhibited complete resolution of her symptoms and had no further complaints.

A preprint of this report was previously published (Min et al[11], 2022).

CONCLUSION

The clinical manifestations of pyomyositis, such as muscle pain, swelling, fever, and leukocytosis, can be treated via
ultrasound-guided percutaneous puncture and drainage. This can aid its diagnosis, facilitating timely treatment and
improving the prognosis. We hope that this report will help guide the future treatment of patients with pyomyositis.
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Abstract

BACKGROUND

Prion diseases are a group of degenerative nerve diseases that are caused by
infectious prion proteins or gene mutations. In humans, prion diseases result from
mutations in the prion protein gene (PRNP). Only a limited number of cases
involving a specific PRNP mutation at codon 196 (E196A) have been reported. The
coexistence of Korsakoff syndrome in patients with Creutzfeldt-Jakob disease
(CJD) caused by E196A mutation has not been documented in the existing
literature.

CASE SUMMARY

A 61-year-old Chinese man initially presented with Korsakoff syndrome, followed
by rapid-onset dementia, visual hallucinations, akinetic mutism, myoclonus, and
hyperthermia. The patient had no significant personal or familial medical history.
Magnetic resonance imaging of the brain revealed extensive hyperintense signals
in the cortex, while positron emission tomography/computed tomography
showed a diffuse reduction in cerebral cortex metabolism. Routine biochemical
and microorganism testing of the cerebrospinal fluid (CSF) yielded normal
results. Tests for thyroid function, human immunodeficiency virus, syphilis,
vitamin B1 and B12 levels, and autoimmune rheumatic disorders were normal.
Blood and CSF tests for autoimmune encephalitis and autoantibody-associated
paraneoplastic syndrome yielded negative results. A test for 14-3-3 protein in the
CSF yielded negative results. Whole-genome sequencing revealed a disease-
causing mutation in PRNP. The patient succumbed to the illness 11 months after
the initial symptom onset.

CONCLUSION
Korsakoff syndrome, typically associated with alcohol intoxication, also manifests
in CJD patients. Individuals with CJD along with PRNP E196A mutation may
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Core Tip: The present case report describes a rare mutation in the prion protein gene at codon 196 causing Creutzfeldt-Jakob
disease (CJD) with a clinical presentation of Korsakoff syndrome. This study emphasizes the importance of considering this
mutation in CJD patients presenting with Korsakoff syndrome based on clinical, laboratory, and imaging findings.

Citation: Zhang YK, Liu JR, Yin KL, Zong Y, Wang YZ, Cao YM. Creutzfeldt-Jakob disease presenting as Korsakoff syndrome
caused by E196A mutation in PRNP gene: A case report. World J Clin Cases 2023; 11(25): 5982-5987

URL: https://www.wjgnet.com/2307-8960/full/v11/i25/5982.htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i25.5982

INTRODUCTION

Prion diseases arise from an abnormal transformation of normal cellular prion proteins into abnormal forms. These
diseases include Creutzfeldt-Jakob disease (CJD), Kuru disease, Gerstmann-Straussler syndrome and fatal familial
insomnia[1]. Sporadic cases account for approximately 85% of the prion diseases, genetic cases account for approximately
10%-15%, and acquired cases account for less than 1%[2]. According to epidemiological studies, the global incidence of
CJD ranges from approximately one to two per million per year[3]. The clinical manifestations of CJD involve diffuse or
localized dysfunction of the central nervous system, characterized by rapidly progressive dementia, myoclonus, and
extrapyramidal, cerebellar, and pyramidal tract signs[4]. Uncommon symptoms include visual abnormalities, cranial
nerve palsies, and epileptic seizures[4].

Prion proteins are encoded by the prion protein gene (PRNP) located on the 20" human chromosome. Mutations in
PRNP can lead to the production of pathogenic prion proteins, thereby causing CJD. More than 55 different types of
PRNP mutations have been associated with CJD, each exhibiting distinct clinical manifestations and neuropathological
characteristics[5]. Mutation at codon 196 (E196A) in PRNP is a rare mutation that has been reported exclusively in
Chinese patients with CJD. No association of Korsakoff syndrome with this mutation has been reported. Korsakoff
syndrome is typically characterized by symptoms such as memory impairment, confabulation or falsification, apathy, and
disorientation in time and space[6]. While this syndrome is common in individuals with alcoholism, it is rare in CJD
patients. The current report presents a case of CJD caused by an E196A mutation that initially presented as Korsakoff
syndrome. This case report aimed to provide a detailed description of the clinical manifestations associated with this rare
PRNP mutation in CJD patients.

CASE PRESENTATION

Chief complaints
A 61-year-old Chinese man with hypertension presented with memory disorders, falsification, time and space disori-
entation, visual hallucinations, rapidly progressive dementia, akinetic mutism, and myoclonus.

History of present illness

Four months prior, the patient experienced memory disorders, falsification, and time and space disorientation without
any identifiable triggers. In the second month after the symptom onset, the patient developed rapidly progressive
dementia and visual hallucinations. By the third month, the patient experienced akinetic mutism combined with
myoclonus. Hyperthermia occurred in the fourth month after the onset of symptoms.

History of past illness
The patient had a 10-year history of hypertension.

Physical examination

Vital signs were as follows: Body temperature, 36.5 °C; heart rate, 76 beats/min; blood pressure, 119/71 mmHg; and
respiratory rate, 20 beats/min. The patient exhibited spontaneous eye opening but was unable to follow commands or
exhibit eye tracking. Passive muscle tension, positive pathological reflexes, and myoclonic movements were also
observed.
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Laboratory examinations

The initial electroencephalogram (EEG) test conducted in the fourth month after symptom onset showed basic rhythmic
activity with moderate-potential 8-Hz a waves. Cerebrospinal fluid (CSF) was colorless and transparent without clots or
flocculation. Perthes test and oligoclonal bands were negative. CSF analysis revealed normal white blood cell count and
immunoglobulin (Ig) G, IgA, IgM, total protein, glucose, and chloride ion levels. Tests for herpes simplex virus,
toxoplasmosis, rubella virus, cytomegalovirus, and Epstein-Barr virus in the CSF yielded negative results. Vitamin B1 and
B12 levels and thyroid function test results were within normal ranges. Human immunodeficiency virus and syphilis
antibody tests were negative. Antibodies associated with autoimmune encephalitis and paraneoplastic syndrome were
not detected in the serum and CSF. Rheumatoid and autoimmune disease-related parameters, including erythrocyte
sedimentation rate, rheumatoid factor, anti-cyclic citrullinated peptide antibodies, glucose phosphate isomerase,
antinuclear antibodies, anti-cardiolipin antibodies, and anti-neutrophil antibodies, were within normal limits.

Imaging examinations

Magnetic resonance imaging (MRI) of the brain revealed hyperintense signals on diffusion-weighted imaging (DWI)
sequences in the bilateral occipital, parietal, temporal, and frontal lobes, particularly in the right cortex. These hyperi-
ntense signals are referred to as cortical ribbons (Figure 1A). Positron emission tomography/computed tomography
showed a diffuse decrease in fluorodeoxyglucose metabolism in the right cerebral cortex (Figure 1B).

Further diagnostic workup

Considering rapid cognitive decline, diffuse brain damage, and hyperthermia, a probable diagnosis of CJD was made.
Viral encephalitis, which can be treated, could not be ruled out. Antiviral therapy was attempted by intravenous adminis-
tration of gamma globulin (300 mg/day) for five days. Physical cooling and benzodiazepines were used to manage the
fever and myoclonus.

Despite gamma globulin treatment, the patient's condition did not improve. EEG performed in the fifth month after
symptom onset showed bilateral persistent 4-5 Hz q waves, 2-3 Hz d waves, and sharp slow waves. In the sixth month
after symptom onset, the EEG showed bilaterally symmetrical low-to-moderate-potential 8-Hz a waves with a large
number of moderate-to-high potential 4-6 Hz q waves. Repeated examinations of serum and CSF for autoimmune
encephalitis-related antibodies yielded negative results. Other potential diagnoses were ruled out, and CJD remained a
potential diagnosis. Although the 14-3-3 protein was not detected in the CSF, the combination of the patient's clinical
manifestations and imaging findings further supported the suspicion of CJD. Sequencing of PRNP revealed a hetero-
zygous c.A587C base change in the second exon, resulting in a glutamate-to-alanine substitution at E196A that indicated a
potential pathogenic mutation (Figure 2).

FINAL DIAGNOSIS

According to diagnostic criteria for CJD[7,8], the final diagnosis in this case was probably CJD caused by an E196A
mutation in PRNP.

TREATMENT

Physical cooling and antipyretic drugs were administered to manage patient’s hyperthermia. Considering the possibility
of viral encephalitis, gamma globulin was initially administered. After the diagnosis of CJD, the patient's family opted for
palliative care.

OUTCOME AND FOLLOW-UP

The patient succumbed to illness within 11 mo of onset. The family declined an autopsy.

DISCUSSION

Mutations in PRNP, which is located on the 20" human chromosome, can lead to the development of prion diseases. One
specific mutation, E196A, has been reported in cases of CJD. Between 2014 and 2019, four cases of CJD with E196A
mutation were individually documented[9-11]. In 2021, the Chinese National CJD Surveillance System reported 16
Chinese CJD patients with the E196A mutation, including four previously reported cases[12]. All 16 patients[12] and the
patient mentioned in this case study were of Han Chinese ethnicity and had no relevant family history or known
exposure to prion diseases. Patients with the EI96A mutation exhibit nonspecific symptoms at onset, and disease
progression demonstrated typical features of sporadic prion diseases. The disease duration varied between 2 and 28 mo
in the reported Chinese cases[12]. No brain tissue biopsy or autopsy was conducted in any of the 17 patients, leading to
inconclusive evidence regarding the relationship between the E196 A mutation in PRNP and occurrence of CJD.
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Figure 1 Diffusion-weighted imaging and positron emission tomography/computed tomography of brain. A: Hyperintense signals observed in
bilateral occipital, parietal, temporal, and frontal lobes. Hyperintense signals in bilateral thalamus (white arrow markers); B: Decreased diffuse fluorodeoxyglucose
metabolism seen on the right cerebral cortex.

Figure 2 PRNP sequencing outcome. Red circle marks the presence of a ¢.A587C base heterozygous change in the second exon of PRNP.

Based on the clinical manifestations and imaging features, the patient was diagnosed with probable CJD. A recent
study have found that the criterion of displaying at least one positive brain region on DWI to diagnose CJD has a
sensitivity and specificity higher than 90%[13]. Other possible diagnoses were ruled out during examination. PRNP
sequencing results firmly established the diagnosis of CJD. CJD patients harboring the E196A mutation present with
various clinical manifestations, including mental problems, dementia, cerebellar disorders, visual disturbances,
pyramidal dysfunction, and extrapyramidal dysfunction[12,14]. None of the reported patients with the E196A mutation
mentioned Korsakoff syndrome. Korsakoff syndrome is a mental disorder caused by vitamin B1 deficiency in the brain,
and is characterized by memory impairment, confabulation or falsification, apathy, and time and space disorientation.
Although cases of CJD presenting as Korsakoff syndrome have been reported[15], imaging examinations in previous
cases, including the present case, did not reveal typical lesions associated with vitamin B1 deficiency. Given the rapidly
progressive dementia following Korsakoff syndrome and the normal serum level of vitamin B1, CJD is considered a more
likely diagnosis than Wernicke encephalopathy, despite the presence of Korsakoff syndrome in early stages of the disease
[16,17]. Current study is the first report of a CJD patient associated with the E1I96A mutation who displayed Korsakoff
syndrome at an early stage. Based on the findings of MRI of the brain, the thalamic region is speculated to be involved in
the occurrence of Korsakoff syndrome in this CJD patient. The survival time for CJD patients presenting with Korsakoff
syndrome ranges from 2 to 18 mo[18].

The 14-3-3 protein, a classic biomarker of CJD, was not found in the patient's CSF in this case. Similar results were
observed in previous cases of CJD with E196A mutation[12]. This may be related to the fact that some patients are in the
early stages of the disease or that the 14-3-3 protein has low sensitivity in certain CJD subtypes[19].

Another mutation at the same codon, E196K, was identified in a Caucasian population and confirmed to be associated
with CJD[20]. Patients with CJD caused by the E196K mutation were positive for CSF 14-3-3 protein and had a shorter
disease course, averaging 6.5 mo. Since the E196A mutation is located adjacent to E196K, it is possible that E196A may
have a pathogenic role similar to that of E196K. However, the neuropathological characteristics associated with E196A
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mutation have not yet been clarified. The conclusions drawn from the present case report are based on the available
information and current understanding of CJD and prion diseases. Further research, including brain tissue analyses and
autopsy studies, is required to establish a definitive relationship between the E196A mutation in PRNP and CJD, and to
elucidate the neuropathological characteristics associated with this mutation.

However, CJD is incurable. Some researchers have recently attempted to inhibit prion duplication to prolong the
survival of CJD patients[19,21]. The present study’s findings offer new insights for the treatment of CJD.

CONCLUSION

Multiple factors, including clinical manifestations, laboratory test results, and imaging findings, should be considered
when diagnosing CJD. The diagnosis of CJD can be challenging owing to its diverse clinical presentations and the need to
exclude other possible causes. The rarity of E196A mutation in CJD highlights the complexity of this disease.
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Abstract

BACKGROUND

Renal tubular acidosis (RTA) is a renal cause of non-anion-gap metabolic acidosis
characterized by low urinary ammonia excretion. This condition has a low
prevalence, and various congenital and acquired etiologies. To date, only a few
cases of idiopathic RTA uncovered during pregnancy have been reported.

CASE SUMMARY

A previously healthy 32-year-old Korean woman at 30 wk of gestation was
admitted to Pusan National University Hospital with preterm labor. At admi-
ssion, the patient presented with hypokalemia, non-anion-gap metabolic acidosis,
and nephrocalcinosis. Distal RTA was diagnosed based on laboratory blood and
urine findings and imaging examinations. Various tests, including next-genera-
tion gene sequencing panels for nephropathy, were performed to determine the
etiology of the disease, which indicated that it was idiopathic. The patient
received sodium bicarbonate and potassium chloride supplementation. After 3
wk, she delivered a baby who was subsequently diagnosed with corpus callosum
agenesis and colpocephaly. During regular follow-ups for 6 mo postpartum, her
hypokalemia and metabolic acidosis were gradually resolved, and medications
eventually discontinued.

CONCLUSION
Herein we describe a case of idiopathic distal RTA discovered during pregnancy.
Hypokalemia and metabolic acidosis resolved spontaneously after delivery.
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Core Tip: Renal tubular acidosis is a rare disease that presents as non-anion-gap metabolic acidosis. To the best of our
knowledge, only a few cases of idiopathic distal renal tubular acidosis uncovered during pregnancy have been reported. To
date, the exact pathophysiology by which pregnancy activates this condition has not been established.
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INTRODUCTION

Renal tubular acidosis (RTA) is a rare disease caused by the failure of net acid excretion in the kidneys. Based on its
pathophysiology, RTA is divided into four subtypes, three of which are major and related to the mechanisms of renal
acid-base handling. Distal (type 1) RTA results from a reduction in net acid secretion in the distal nephron[1], proximal
(type 2) RTA is characterized by a decreased capacity of the proximal tubule to reabsorb filtered bicarbonate, and
hyperkalemic (type 4) RTA is characterized by impaired renal excretion of both acid and potassium in the distal nephron
[2]. Each can be distinguished based on renal function, serum potassium, serum bicarbonate, urine pH, urine citrate, and
the presence of Fanconi syndrome. Mixed (type 3) RTA shows features of both distal and proximal RTA and is most often
associated with rare autosomal recessive syndromes[1].

RTA has various causes, including primary (inherited or idiopathic) and secondary (acquired) factors. Only a few cases
of idiopathic RTA uncovered during pregnancy have been reported[3,4]. Here, we present the case of a healthy pregnant
woman in her third trimester who was diagnosed with idiopathic distal RTA and spontaneously recovered from
hypokalemia and metabolic acidosis after delivery.

CASE PRESENTATION

Chief complaints
A 32-year-old unemployed Korean woman presented with lower abdominal pain.

History of present illness
The patient was gravida III at 30 wk of gestation. There was lower abdominal pain due to uterine contractions.

History of past illness

The patient had no significant medical history, including kidney stones. She delivered two preterm babies in 2012 and
2016, both by normal spontaneous vaginal delivery at 35 wk of gestation. The babies were healthy and within the normal
range of birth weight. She denied any medication history, including herbal medicines, vaccines, depot injections, and
nonprescription medications.

Personal and family history
The patient reported no significant family history of related illnesses.

Physical examination

On admission, she had a height of 168 cm, weight 82.1 kg, blood pressure 120/70 mmHg, regular heart rate of 97 beats
per minute, and temperature 36.4 °C. The patient complained of lower abdominal pain due to periodic uterine
contractions with cervical dilatation and was thus thought to be in preterm labor. The fundus height corresponded to 30
wk of gestation. No notable physical examination findings indicated any volume depletion.

Laboratory examinations
On admission, the patient had moderate hypokalemia with potassium level 2.98 mEq/L. She did not show any symptoms
indicative of recent potassium loss from the gastrointestinal tract such as diarrhea, and had a healthy appetite.

Further blood tests revealed the following: White blood cells 13520 cells/uL, hemoglobin 10.9 g/dL, platelets 350000
cells/uL, sodium 136 mEq/L, potassium 2.98 mEq/L, chloride 107 mEq/L, bicarbonate 18 mEq/L, blood urea nitrogen 30
mg/dL, creatinine 0.4 mg/dL, glucose 91 mg/dL, albumin 3.3 mg/dL, calcium 8.5 mg/dL, magnesium 1.7 mEq/L, and
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serum anion gap of 11 mEq/L. Urine studies revealed a urine pH of 7.0, urine anion gap of 28 mEq/L (urine sodium, 81
mEq/L; urine potassium, 15 mEq/L; and urine chloride, 68 mEq/L), urine osmolar gap of 28 mEq/L, and transtubular
potassium gradient of 4.8 (serum osmolality, 282 mOsm/dL/L; urine osmolality, 304 mOsm/dL; urine potassium, 15
mEq/L; and serum potassium 2.98 meq/L). Urine protein and glucose levels were negative and pyuria was absent.
Hypercalciuria (440 mg/d) and hypocitraturia (44 mg/d) were also observed.

Imaging examinations
Ultrasonography of the fetus was performed on the day of admission and showed a biparietal diameter of 8.35 cm,
abdominal circumference 26.86 cm, femur length 5.22 cm and estimated body weight 1572 g, which was in the 75*
percentile at 30 wk of gestation[5]. The amniotic fluid index was 19.37 cm, calculated by adding the anteroposterior
diameters of the largest empty fluid pocket in each quadrant (quadrant 1: 4.50 cm, quadrant 2: 5.74 cm, quadrant 3: 3.92
cm, quadrant 4: 5.21 cm) and the value was in the 95 percentile at 30 wk of gestation[6].

Nephrocalcinosis and tiny renal stones were detected on whole abdominal ultrasonography and computed tomo-
graphy (Figure 1). No radiological findings of medullary sponge kidney were observed.

FINAL DIAGNOSIS

Urine and transtubular potassium gradients indicated increased potassium secretion in the distal portions of the kidney.
Because the patient had normal blood pressure, non-anion-gap metabolic acidosis, normal aldosterone to renin ratio (1.32
ng/dL per ng/mL per hour), and nephrocalcinosis, incomplete distal RTA was strongly suspected. However, because the
patient refused the provocative acid-loading test, the disease was not confirmed. She had no history or clinical indication
of autoimmune disease or renal stones and no history of drug use or toxin exposure. Thyroid-stimulating hormone,
human immunodeficiency virus, and hepatitis panel results were normal or nonreactive. Additional studies, including
next-generation sequencing (NGS) panels of nephropathy-related genes, were performed to determine the cause of distal
RTA. The NGS panels consisted of 39 genes, six of which were related to the proximal and distal RTA. The results
indicated that none of these genes were significantly altered. Therefore, we concluded that the distal RTA was idiopathic
in this case.

TREATMENT

After the diagnosis of distal RTA, the patient received a daily dose of 1500 mg sodium bicarbonate to correct metabolic
acidosis and 1800 mg potassium chloride supplementation. Blood tests returned to normal 12 days after the start of
supplementation, with a serum potassium of 4.2 mEq/L and bicarbonate of 21 mEq/L. After 2 wk, as the shortness of the
cervix and the interval between uterine contractions did not progress, the patient was discharged with medications.

OUTCOME AND FOLLOW-UP

One week later, the patient was admitted to the hospital for labor and underwent spontaneous vaginal delivery. As
agenesis of the corpus callosum was suspected on prenatal ultrasonography, brain magnetic resonance imaging was
performed, which confirmed agenesis of the corpus callosum and colpocephaly. Although the baby experienced a brief
period of apnea after birth, it spontaneously recovered with supportive care, and no other brain-related complications
were detected.

After delivery, the patient visited the hospital monthly for RTA checkups, and her laboratory findings gradually
returned to normal. Four months after the diagnosis, all medications were discontinued.

DISCUSSION

Distal RTA (type 1) is a relatively common form of RTA. There are various causes of distal RTA, including primary
(idiopathic or familial) and secondary (autoimmune disorders, genetic disorders, drugs or toxins, nephrocalcinosis, and
tubulointerstitial diseases). Distal RTA should be suspected in all patients with hypokalemia and non-anion-gap
metabolic acidosis. Further urine analysis showing a urine pH above 5.5 and a urine anion gap value greater than zero or
lack of an increase in the urine osmolar gap helps confirm the disease[1]. Severe hypokalemia (< 2.5 mEq/L) can result in
musculoskeletal weakness and rhabdomyolysis. Nephrocalcinosis can be observed using abdominal ultrasonography or
radiography.

Administration of an alkali can correct metabolic acidosis in the distal RTA. In patients with severe potassium deficits,
potassium replacement should be the first treatment before acidosis is corrected, because serum potassium levels can be
lowered to dangerous levels through bicarbonate replacement. Generally, distal RTA treatment includes bicarbonate and
potassium supplementation. In patients with recurrent renal stone disease caused by distal RTA, acidosis may lead to
stone dissolution by increasing urinary citrate excretion and slowing further stone formation.
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Table 1 Causes and clinical courses of distal renal tubular acidosis diagnosed in pregnant women

Ref. Cause Clinical course

Muthukrishnan et al Idiopathic Recurrent rhabdomyolysis induced by hypokalemia in consecutive pregnancies;
[10], 2010 successful delivery and potassium replacement was needed on follow-up
Mallett et al[14], 2011 Ibuprofen, codeine abuse RTA resolved after quitting ibuprofen and codeine; successful delivery and renal

function did not fully return to baseline on follow-up

Srisuttayasathien[9], Idiopathic Rhabdomyolysis induced by hypokalemia; successful delivery and complete resolution
2015 of RTA on follow-up

Alkhasoneh et al[11], Not identified (patient refusal of Severe metabolic acidosis and hypokalemia; successful delivery and only sodium

2019 autoimmune disease workup) bicarbonate was needed on follow-up

RTA: Renal tubular acidosis.
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Figure 1 Ultrasonography and computed tomography images of kidney. A: Right kidney; B: Left kidney on ultrasonography; C: Axial computed
tomography image. Bilateral medullary nephrocalcinosis.

Table 1 lists case reports of distal RTA diagnosed during pregnancy. Patients who have been diagnosed with distal
RTA before pregnancy generally have confirmed causes such as autoimmune diseases or inherited factors[7,8]. However,
in most cases of distal RTA presenting for the first time during pregnancy, the etiologies were unknown. Among cases
presenting with unidentified causes of distal RTA, only one case has been reported to be completely cured after
pregnancy[9]. Another case of rhabdomyolysis induced by severe hypokalemia in consecutive pregnancies involved a
distal RTA of an uncertain etiology. After the successful delivery of healthy babies, the patient required continuous
potassium replacement during the follow-up[10]. In a recently reported case of a distal RTA, the patient exhibited severe
metabolic acidosis and hypokalemia due to distal RTA. After successful delivery, the distal RTA persisted and only
sodium bicarbonate was required during the follow-up[11].

Renal physiology changes significantly during a normal pregnancy, and is characterized by marked volume expansion
and vasodilation. Renal plasma flow increases by approximately 80% and glomerular filtration rate (GFR) by 50%[12]. An
elevated GFR indicates an increase in the filtered solute load, although tubular reabsorption is proportionally increased.
This imbalance between the filtered solute load and tubular reabsorption causes an increased loss of some electrolytes,
leading to a higher need for potassium and bicarbonate. Typically, chronic mild respiratory alkalosis occurs secondary to
hyperventilation, which lowers arterial carbon dioxide tension. Owing to these physiological changes, pregnancy has
been reported to worsen RTA[1]. In the current case, idiopathic distal RTA was uncovered during pregnancy and
spontaneous resolution of hypokalemia and metabolic acidosis occurred after delivery. Since nephrocalcinosis and renal
stones were present on imaging at the time of diagnosis, we suspected that a hidden distal RTA might have existed and
was uncovered when it worsened during pregnancy.

Theoretically, prolonged maternal metabolic acidosis due to chronic RTA impairs fetal growth and development and
causes fetal distress, commonly resulting in preterm labor[11]. There has been a case of distal RTA secondary to possible
Sjogren’s syndrome causing multiple pregnancy losses[7,13]. In this case, the patient had a history of preterm delivery of
two babies without any congenital brain defects. As she was at 35 wk of gestation, which is near full term, and the babies
were healthy, no further evaluations, including laboratory examinations that might suspect RTA, were performed. Since
the patient was gravida III diagnosed with RTA, she also had preterm labor, but the gestational age was earlier than that
of gravidas I and II. Therefore, further evaluation for the patient was conducted and revealed hypokalemia with
metabolic acidosis. The infant also had a congenital brain defect. Although she did not have severe hypokalemia or
metabolic acidosis at the time of diagnosis, we cannot rule out the possibility that prolonged maternal metabolic acidosis
resulting from an undiagnosed distal RTA was related to consecutive preterm labor and fetal distress.
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CONCLUSION

In conclusion, we report a rare case of idiopathic distal RTA uncovered during pregnancy. The patient had an
unremarkable medical history and no symptoms or laboratory findings suggestive of other causes of RTA. The patient
was treated accordingly, and 3 wk later delivered an infant with corpus callosum agenesis and colpocephaly. After
delivery, the hypokalemia and metabolic acidosis resolved spontaneously and completely, and no further treatment was
required.
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Abstract

BACKGROUND

Renal cell carcinoma (RCC) is the third most common malignancy in the
genitourinary tract. The lungs, bone, lymph nodes, liver, and brain are common
metastatic sites of RCC. However, there is limited literature on single omental
metastasis of RCC.

CASE SUMMARY

We present the case of a 44-year-old man with single omental metastasis of RCC
after laparoscopic radical nephrectomy. Pathological diagnosis of the resected left
kidney revealed pT3a clear cell RCC (Fuhrman grade III). At 6 mo postoper-
atively, abdominal computed tomography revealed a 12-mm enhancing nodule in
the left lower peritoneum. At 7 mo after initial operation, laparoscopic removal of
the left omental nodule was performed. The pathological results indicated
metastatic clear cell RCC. Currently, the patient is being treated with adjuvant
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pembrolizumab.

CONCLUSION
Omental metastasis of RCC owing to laparoscopic radical nephrectomy is rare. Urologists should be aware of the
diverse nature of RCC.

Key Words: Metastasis; Omentum; Renal cell carcinoma; Radical nephrectomy; Case report
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Core Tip: The authors present the case of a 44-year-old man with single omental metastasis of renal cell carcinoma (RCC)
after laparoscopic radical nephrectomy. Omental metastasis of RCC owing to laparoscopic radical nephrectomy is rare.
Urologists should be aware of the diverse nature of RCC.
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INTRODUCTION

Renal cell carcinoma (RCC) is the third most common malignancy in the genitourinary tract[1]. In South Korea, the
incidence of RCC has been rising, with 6952 new cases estimated in both sexes in 2022[2]. The lungs, bone, lymph nodes,
liver, and brain are common metastatic sites of RCC[1,3]. However, literature on single omental metastasis of RCC is
limited. We herein present the case of a 44-year-old man with single omental metastasis of RCC after laparoscopic radical
nephrectomy.

CASE PRESENTATION

Chief complaints
A 44-year-old man with gross hematuria and left flank pain visited our emergency department on July 14, 2022.

History of present illness
The patient’s gross hematuria started 1 day before admission. In the morning of the day of visit, the hematuria became
more severe and was accompanied with clots. Moreover, he experienced severe pain in the left flank.

History of past illness
The patient was healthy and had a history of appendectomy 10 years earlier.

Personal and family history
The patient denied any history of tobacco or alcohol consumption. He had no medication history. His family history was
unremarkable.

Physical examination

At the emergency department, the patient’s initial vital signs were stable. His blood pressure level was 129/79 mmHg,
pulse rate was 81 beats/min, and respiratory rate was 16 breaths/min. The patient’s body weight was 86 kg, and his
height was 171.0 cm (body mass index = 29.4 kg/m?). There was no palpable mass around the left flank area. The patient
showed left flank tenderness but no rebound tenderness.

Laboratory examinations
Laboratory serum tests were normal (hemoglobin level: 13.7 g/dL, creatinine level: 1.05 mg/dL, and calcium level: 9.1
mg/dL). Urinalysis revealed the presence of many red blood cells. Electrocardiogram indicated normal sinus rhythm.

Imaging examinations

Initial kidney dynamic computed tomography (CT) (three phases of intravenous contrast enhancement) revealed an 8.8
cm % 6.1 cm heterogeneously enhancing mass in the upper to mid pole of the left kidney abutting the left adrenal gland
and pancreas (Figure 1). No metastatic lesions were detected in the enhanced brain and chest CT scans.

WJCC | https://www.wjgnet.com 5995 September 6,2023 | Volumel1l | Issue25 |

Jaishideng®


https://www.wjgnet.com/2307-8960/full/v11/i25/5994.htm
https://dx.doi.org/10.12998/wjcc.v11.i25.5994

Chung JW et al. Single omental metastasis of RCC

) 1 | N 4
DOI: 10.12998/wjcc.v11.i25.5994 Copyright ©The Author(s) 2023.

Figure 1 Kidney dynamic computed tomography. A: Axial view; B: Coronal view. Initial kidney dynamic computed tomography showing an 8.8 cm x 6.1 cm
heterogeneously enhancing mass in the upper to mid pole of the left kidney abutting onto the left adrenal gland and pancreas (arrows).

Follow-up CT 3 mo after radical nephrectomy showed no metastatic lesions. However, at 6 mo postoperatively,
abdominal CT revealed a 12-mm enhancing nodule in the left lower peritoneum (Figure 2). 18F-fluorodeoxyglucose
(FDG) positron emission tomography/CT (Figure 3) was performed immediately, and the results were the same (mildly
hypermetabolic nodule in the left lower peritoneum).

FINAL DIAGNOSIS

Pathological diagnosis of the resected specimen from initial radical nephrectomy revealed pT3a clear cell RCC (Fuhrman
grade III). Tumor capsular invasion was absent, but lymphovascular invasion and tumor cell necrosis were present (10%).
No tumor was observed in the left adrenal gland.

The pathological results of the second laparoscopic removal of the left omental nodule revealed metastatic clear cell
RCC (Figure 4).

TREATMENT

At the time of the patient’s visit to emergency department, he experienced severe flank pain and gross hematuria;
therefore, we decided to perform emergency surgery rather than elective surgery. Laparoscopic radical nephrectomy and
adrenalectomy were performed on the same day. We inserted a 12-mm camera port near the umbilicus. Mild adhesion
was observed between the renal mass and pancreas, but pancreatic injury did not occur. No tumor spillage was found
during radical nephrectomy. We further opened the 12-mm camera port to remove the specimen from the abdominal
cavity using endobag (Lapbag® SEJONG Medical).

On February 3, 2023, laparoscopic removal of the left omental nodule was performed. The patient underwent the
second surgery in the supine position. A 12-mm port was inserted just above the umbilicus, and other 12- and 5-mm ports
were inserted in the anterior axillary line at the level of the umbilicus and 2 cm below the xiphoid process. Fortunately,
the nodule was visible immediately after entering the abdominal cavity, and the urologist could remove the nodule
without any help from a general surgeon.

OUTCOME AND FOLLOW-UP

No metastatic lesion was observed in the most recent CT scan. The most recent brain, chest, and abdomen CT was
performed on July 5, 2023. In other words, the interval between the primary surgery and the most recent CT was 12 mo.

Currently, the patient is being treated with adjuvant pembrolizumab. However, adjuvant pembrolizumab is not
covered by Korean health insurance. Therefore, immediately after radical nephrectomy, he refused adjuvant pembrol-
izumab owing to its high cost but agreed to administer it after the second operation.

At our hospital, immunotherapy or targeted therapy for RCC is entirely established by urologists, not medical
oncologists. Therefore, JWC decided to initiate treatment with adjuvant pembrolizumab. The duration/scheme of
pembrolizumab application is intravenous injection every 3 wk, with at least ten administrations[4].

Thyroid function tests revealed minor abnormalities, but no recent side effects have been reported.
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Figure 2 Abdominal computed tomography. A: Axial view; B: Coronal view. Abdominal computed tomography at 6 mo postoperatively showed a 12 mm
enhancing nodule at the left lower peritoneum (arrows).

DOI: 10.12998/wjcc.v11.i25.5994 Copyright ©The Author(s) 2023.

Figure 3 18F-fluorodeoxyglucose positron emission tomography/computed tomography. F-fluorodeoxyglucose positron emission
tomography/computed tomography at 6 mo postoperatively showed a hypermetabolic nodule in the left lower peritoneum (arrow).

DISCUSSION

Kidney cancers are the third most common genitourinary malignancy, accounting for over 431288 new cancer diagnoses
and over 179368 deaths worldwide annually[5]. CT and magnetic resonance imaging have increased the diagnosis of
early RCC in many patients. The 5-year survival rate for early RCC is approximately 93%; however, the 5-year survival
rate of RCC patients with metastases is only 12%[6].

RCC commonly metastasizes to the lung parenchyma (45.2%), bone (29.5%), lymph nodes (20.8%), liver (20.3%),
adrenal glands (8.9%), and brain (8.1%)[1]. Metastases into the pancreas are rare and found mostly in asymptomatic
patients[7]. Other atypical RCC metastases in the omentum, thyroid, and mediastinum are extremely rare. In particular,
port-site metastasis or peritoneal metastasis after a laparoscopic procedure for urological malignancies is a rare event,
accounting for approximately 0.09 % and 0.03 % of total cases, respectively[8,9]. RCC is the least common urological

WJCC | https://www.wjgnet.com 5997 September 6,2023 | Volume1l | Issue25 |

Jaishideng®



Chung JW et al. Single omental metastasis of RCC

ﬁlz. \ " L S g {vf
DOI: 10.12998/wjcc.v11.i25.5994 Copyright ©The Author(s) 2023.

Figure 4 Histologic outcomes. Gross and microscopic features in this case: A: Gross examination; B: Hematoxylin and eosin (H&E) staining (magpnification, x
400). A: Gross finding shows a well-defined pale yellow solid mass in fibroadipose tissue of the abdominal wall; B: Histological finding shows a metastatic clear cell
renal cell carcinoma consisting of atypical clear cell nests in fibroadipose tissue ().

malignancy that leads to port-site metastasis or peritoneal metastasis, with only rare cases being reported in the literature
[10].

In 2013, Ploumidis et al[9] presented a case report concerning tumor seeding in the omentum found in a 75-year-old
female patient after a previous transperitoneal robot-assisted radical nephrectomy for papillary RCC. Two years after the
initial surgery, the patient was diagnosed with cervical cancer, leading to radical hysterectomy with lymphadenectomy
and omentectomy. Incidentally, a neoplastic omental nodule was discovered during the surgery. Pathological outcome
and immunohistochemistry result confirmed the presence of features consistent with papillary RCC. In 2016, Acar et al[3]
also presented a case report of a 62-year-old male patient who, 13 years after having undergone open extraperitoneal
partial nephrectomy for pT1 clear cell RCC, developed an omental metastatic lesion.

Similarly, we present the case of a 44-year-old man with single omental metastasis of RCC after laparoscopic radical
nephrectomy. We reviewed the recorded video of the surgery again and did not find intraoperative tumor spillage. We
can conjecture that despite the absence of macroscopic surgically induced tumor spillage, there is a possibility that certain
tumorigenic yet nonmetastasizing neoplastic cells, which typically do not survive the metastatic cascade under normal
circumstances, could have been transferred and aided in establishing a novel neoplastic colony.

CONCLUSION

In summary, omental metastasis of RCC because of laparoscopic radical nephrectomy is rare. Urologists should be aware
of the diverse nature of RCC. Various therapeutic approaches should be considered, such as morphological and
functional imaging studies together with histopathological assessment of metastatic lesions, and a fundamental treatment
for the causative disease should be applied.
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Abstract

BACKGROUND

The mixed lineage leukemia (MLL)-eleven-nineteen lysine-rich leukemia (ELL)
fusion gene is a rare occurrence among the various MLL fusion genes. We present
the first case in which myeloid sarcoma (MS) was the only manifestation of adult
MLL-ELL-positive acute myeloid leukemia (AML).

CASE SUMMARY

We report a case of a 33-year-old male patient who was admitted in June 2022
with a right occipital area mass measuring approximately 7 cm x 8 cm. Blood
work was normal. The patient underwent right occipital giant subscalp mass
excision and incisional flap grafting. Immunohistochemistry was positive for
myeloperoxidase, CD43 and CD45 and negative for CD3, CD20, CD34, and CD56.
The bone marrow aspirate showed hypercellularity with 20% myeloblasts. Flow
cytometry showed that myeloblasts accounted for 27.21% of the nucleated cells,
which expressed CD33, CD38, and CD117. The karyotype was 46, XY, t (11, 19)
(g23; p13.1), -12, + mar/46, XY. Next-generation sequencing showed a fusion of
MLL exon 7 to exon 2 of ELL. A diagnosis of MLL-ELL-positive AML (M2
subtype) with subcutaneous MS was made.

CONCLUSION
MLL-ELL-positive AML with MS is a rare clinical entity. Additional research is
needed to elucidate the molecular mechanisms of the pathogenesis of MS.

Key Words: Myeloid sarcoma; Acute myeloid leukemia; Mixed lineage leukemia-eleven-
nineteen lysine-rich leukemia; Transplantation; Case report
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Core Tip: This study described myeloid sarcoma as the first and only manifestation in an adult patient with mixed lineage
leukemia-eleven-nineteen lysine-rich leukemia-positive acute myeloid leukemia. Based on our findings and information
from a few previous reports, we speculate that our patient had (1): Transformation of preleukemia cells in the marrow
followed by spread to extramedullary sites; or (2) homing of preleukemia cells to extramedullary sites, followed by
spreading back to bone marrow. The current study helps increase the awareness of this particular disease and reduce the
clinical underdiagnosis rate.

Citation: Tang SJ, Zhang QG. Myeloid sarcoma as the only manifestation in a rare mixed lineage leukemia-fusion-driven acute
myeloid leukemia: A case report. World J Clin Cases 2023; 11(25): 6000-6004

URL: https://www.wjgnet.com/2307-8960/full/v11/i25/6000.htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i25.6000

INTRODUCTION

Myeloid sarcoma (MS) is a rare disease characterized by an extramedullary tumor composed of immature myeloid cells.
When differentiating any extramedullary lesion infiltrated by heterogeneous cells, clinicians should consider the
possibility of MS[1]. Mixed lineage leukemia (MLL) gene rearrangements define a unique leukemia with distinctive
pathophysiology and phenotype. The MLL gene encodes a large histone methyltransferase that directly binds and
actively regulates gene transcription. In MLL rearrangement leukemia, menin acts as an oncogenic cofactor leading to
leukemogenesis by mediating aberrant gene expression through the HOX gene and cofactor meis homeobox 1[2]. A
chromosomal translocation ¢ (11; 19) (q23; P13), with breakpoints mainly located within the 19p13.1 subband, generates
the MLL-eleven-nineteen lysine-rich leukemia (ELL) fusion gene and is predominantly found in acute myeloid leukemia
(AML)[3]. We present a rare case in which MS was the only manifestation of adult MLL-ELL-positive AML.

CASE PRESENTATION

Chief complaints
A 33-year-old male patient was admitted in June 2022 with a right occipital area mass measuring approximately 7 cm x 8
cm.

History of present illness
The patient had scalp swelling for 4 mo prior to this presentation.

History of past illness

The patient had no history of chronic conditions.

Personal and family history
The patients” personal and family histories were not significant.

Physical examination
A hard, immobile mass measuring approximately 7 cm x 8 cm was observed in the right occipital region of the skull. The
local scalp color appeared dark brown with no abnormalities in the surrounding area.

Laboratory examinations
Blood work was normal. No malignant cells were seen in the cerebrospinal fluid.

Imaging examinations
No bone erosion or abnormalities were detected in the brain parenchyma by computed tomography scan (Figure 1). The
cranial magnetic resonance imaging also showed no significant abnormalities.

Further diagnostic work-up

The patient underwent right occipital giant subscalp mass excision and incisional flap grafting (Figure 2). Resection tissue
staining showed a small round-cell tumor, which was suspected to be lymphoma. Immunohistochemistry was positive
for myeloperoxidase, CD43 and CD45 and negative for CD3, CD20, CD34, and CD56. The bone marrow (BM) aspirate
showed hypercellularity with 20% myeloblasts. Flow cytometry showed that myeloblasts accounted for 27.21% of the
nucleated cells, which expressed CD33, CD38, and CD117 (Figure 3). The karyotype was 46, XY, ¢ (11, 19) (q23; p13.1), -12,
+ mar[4]/46, XY[5]. Next-generation sequencing showed a fusion of MLL exon 12 to exon 1 of ELL.
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Figure 1 Head computed tomography. Anomalous density shadow of the right occipital subcutaneous region.

DOI: 10.12998/wjcc.v11.i25.6000 Copyright@The Author(s) 2023.

Figure 2 Skin grafting after myeloid sarcoma resection.
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Figure 3 Flow cytometric analysis of the bone marrow aspirate. A: Expression of CD45 of all cell populations; B: Increase of CD117 positive cells was
demonstrated; C: Increase of CD117/HLA-DR positive cells was demonstrated; D: Increase of CD117/CD33 positive cells was demonstrated.

FINAL DIAGNOSIS
A diagnosis of MLL-ELL-positive AML (M2 subtype) with subcutaneous MS was made.

TREATMENT

Complete remission (CR) was achieved after the first course of standard 7 + 3 (idarubicin and cytarabine) induction
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chemotherapy. He then received 2 cycles of high-dose cytarabine-based consolidation therapy followed by a myeloab-
lative, allogeneic, matched, unrelated-donor hematopoietic stem cell transplant.

OUTCOME AND FOLLOW-UP
When last seen in May 2023, he was still in CR.

DISCUSSION

To our knowledge, we present the first case in which MS was the only manifestation of adult MLL-ELL-positive AML.
The molecular mechanisms underlying extramedullary involvement remain unknown, but 70% of MS cases have
concurrent AML. “extramedullary AML tumor” may be a more accurate term for MS[6].

The MLL-ELL fusion gene is a rare occurrence among the various MLL fusion genes. It is associated with the genesis of
AML in a mouse model[7]. MLL-ELL fusions are present in 12% of adult AML patients, 7% of pediatric AML patients and
15% of infant AML patients[8]. No concurrent MLL-ELL-positive MS cases have been mentioned in the literature,
although two cases of MLL-ELL-positive MS with no evidence of AML have been reported[9,10]. Based on our findings
and information from a few previous reports, we speculate that our patient had (1): Transformation of preleukemia cells
in the marrow followed by spread to extramedullary sites; or and (2) homing of preleukemia cells to extramedullary sites,
followed by spreading back to BM. This hypothesis has been proven in the development of blastic plasmacytoid dendritic
cell neoplasm[4].

MLL-ELL-positive AML is associated with high response rates to conventional chemotherapy, but relapse is common,
and some patients may benefit from allogeneic hematopoietic stem cell transplantation (allo-HSCT)[11]. Our patient
achieved BM minimal residual disease-negative CR, and concurrently, 10% hematogones[5] existed in his BM, which may
imply longer overall survival and a lower rate of acute graft-versus-host disease after HSCT.

CONCLUSION

In conclusion, MLL-ELL-positive AML with MS is a rare clinical entity. Additional research is needed to elucidate the
molecular mechanisms of the pathogenesis of MS.
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Abstract

BACKGROUND

A carotid-cavernous fistula (CCF) is an abnormal connection between the internal
carotid artery (ICA) and the cavernous sinus. Although direct CCFs typically
result from trauma or as an iatrogenic complication of neuroendovascular
procedures, they can occur as surgery-related complications after mechanical
thrombectomy (MT). With the widespread use of MT in patients with acute
ischemic stroke complicated with large vessel occlusion, it is important to
document CCF following MT and how to avoid them. In this study, we present a
case of a patient who developed a CCF following MT and describe in detail the
characteristics of ICA tortuosity in this case.

CASE SUMMARY

A 60-year-old woman experienced weakness in the left upper and lower limbs as
well as difficulty speaking for 4 h. The neurological examination revealed left
central facial paralysis and left hemiplegia, with a National Institutes of Health
Stroke Scale score of 9. Head magnetic resonance imaging revealed an acute
cerebral infarction in the right basal ganglia and radial crown. Magnetic resonance
angiography demonstrated an occlusion of the right ICA and middle cerebral
artery. Digital subtraction angiography demonstrated distal occlusion of the
cervical segment of the right ICA. We performed suction combined with stent
thrombectomy. Then, postoperative angiography was performed, which showed
a right CCF. One month later, CCF embolization was performed, and the patient’s
clinical symptoms have significantly improved 5 mo after the operation.

CONCLUSION

Although a CCF is a rare complication after MT, it should be considered.
Understanding the tortuosity of the internal carotid-cavernous sinus may help
predict the complexity of MT and avoid this complication.
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Core Tip: The occurrence of carotid-cavernous fistula (CCF) after mechanical thrombectomy (MT) is rare, with only five
cases reported in PubMed. Herein we report a rare case of CCF occurring after MT in a patient with acute ischemic stroke.
This paper describes the tortuosity of the cavernous internal carotid artery (ICA). We believe that future analysis of ICA
tortuosity will help evaluate the complexity of the surgery and better predict and avoid CCF and other complications.
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INTRODUCTION

Carotid-cavernous fistula (CCF) is an abnormal connection between arteries and veins of the coronary sinus[1]. The
symptoms include headache, nerve palsy and ocular symptoms, which lead to visual impairment, blindness, cerebral
infarction and even intracranial haemorrhage[1,2]. Head trauma, ruptured aneurysm and idiopathic CCF represent the
main causes of direct CCF[1]. The incidence of iatrogenic CCF in interventional radiology is approximately 0.8%; this
includes its occurrence as a complication during neurointerventional procedures, including coil embolization of aneu-
rysms and intracranial percutaneous transluminal angioplasty and rarely after mechanical thrombectomy (MT)[3]. The
risk factors for iatrogenic CCF include advanced age, internal carotid artery (ICA) tortuosity, changes in the athero-
sclerotic vessel wall, cavernous aneurysms as well as vessel wall fragility due to underlying connective tissue weakening
(e.g., Ehlers-Danlos syndrome type IV)[4]. To date, there is no literature describing the classification of the carotid artery
tortuosity when CCF occurs during MT. In this article, we report a case of CCF, review the clinical manifestations and
imaging examination of CCF and describe in detail the twists and turns of the cavernous ICA in this case. The purpose of
this case report is to discuss the CCF following MT and how to avoid it considering the classification of carotid tortuosity.

CASE PRESENTATION

Chief complaints
Speech impairment with weakness of the left upper and lower limbs for 4 h.

History of present illness

A 60-year-old female patient presented with poor speech and left upper and lower limbs movement for the last 4 h. The
left upper limb could be lifted off the bed surface but with no resistance. The left lower limb could do moderate
resistance. Further symptoms included lethargy, slurred speech, a drinking cough and no incontinence. Before coming to
our hospital, a head CT was performed in a subordinate hospital with no sign of cerebral hemorrhage. She was then
immediately transferred to our hospital.

History of past illness
The patient’s medical history included cerebral infarction and coronary heart disease. She had no history of hypertension,
diabetes or hyperlipidemia.

Personal and family history
The personal history included smoking twenty cigarettes daily for 40 years. Otherwise no further contributing factors in
the remaining personal and family history.

Physical examination

Physical examination on admission: Lethargy, dysarthria, eye deviation to the right, partial facial paralysis left, left upper
limb muscle strength level III, left lower limb muscle strength level IV, no pathological reflex. The National Institutes of
Health Stroke Scale (NIHSS) score was 9 points (1 point for consciousness, 1 point for gazing, 2 points for dysarthria, 2
points for partial facial paralysis, and 3 points for left limb weakness). The modified Rankin Scale (mRS) score was 4.
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Laboratory examinations
The laboratory findings were within the normal range, glucose was 5.85 mmol/L, triglyceride was 1.66 mmol/L, with the
exception of the low density lipoprotein cholesterol level measuring 4.3 mmol/L, higher than normal.

Imaging examinations

The result of magnetic resonance angiography and computed tomography angiography indicated the presence of
occlusion in both the right ICA and middle cerebral artery (MCA) (Figure 1). MT was required. Digital subtraction
angiography (DSA) demonstrated distal occlusion of the right ICA (Figure 2A and B). The Al segment of the right
anterior cerebral artery (ACA) was not developed, and there was no compensatory flow to the right MCA (Figure 2C).
After performing the aspiration thrombectomy, the DSA showed occlusion of the terminal bifurcation of the right ICA
(Figure 3A). After the first stent removal, the angiography showed poor right MCA reflow and no CCF (Figure 3B). After
the second stent retriever thrombectomy, the DSA showed a right CCF (Figure 3C and D). The A1l segment of the right
ACA was developed to supply blood to the supply area of the right MCA (Figure 3E). Cavernous ICA tortuosity was
observed, with the acute angle of the anterior genu being 37.119°, and that of the posterior genu being 56.618° (Figure 4).
Figure 5A and B show the clinical manifestations of the patient before the preoperative internal carotid-cavernous sinus
embolization. After five months follow-up, the patient’s clinical symptoms were relieved (Figure 5C and D).

FINAL DIAGNOSIS

Carotid thrombosis complicated with intracranial arterial embolism; MT-caused right CCF.

TREATMENT

The patient received aspiration thrombectomy with stent retriever thrombectomy. One month after thrombus removal,
the patient underwent CCF embolization.

OUTCOME AND FOLLOW-UP

After 5 mo follow-up, the patient’s clinical symptoms showed significant improvement with no new stroke events. At 24
h after MT, the patient’s NIHSS score was 6, 1 mo after MT the patient’s NIHSS score was 2. After 5 mo follow-up, the
patient’s NIHSS score was 1 and mRS score was 1. No exacerbation of the symptoms, no complications and no recorded
adverse events. The patient expressed satisfaction with the treatment and is now able to resume their normal life. The
patient’s clinical symptoms were significantly relieved and he was actively rehabilitated.

DISCUSSION

The present report documents a CCF that occurred after MT of the tortuous ICA. To the best of our knowledge, CCF
following MT is an uncommon event[4]. A case of CCF caused by vessel injury during the withdrawal of a stent retriever
during MT for acute ischemic stroke (AIS) was reported by Matsumoto et al[5], where it was suggested that the key
mechanism contributing to the pull-out vessel injury was the mechanical stretching of the vessel while withdrawing the
stent retriever due to vessel tortuosity. This was probably caused by pull-out vessel injury of the meningohypophyseal
trunk branching from the cavernous segment of the ICA. The study of Miyamoto ef al[3] reported that direct CCF is
caused by ICA perforation by a microcatheter body during MT. Our case report suggests that the tortuosity of the ICA
could be a potential predisposing factor for iatrogenic CCF[4]. In this case, the initial angiography showed distal
occlusion of the right ICA at the beginning, stenosis of the patient’s proximal vessels, unclear distal vascular conditions
and a large number of load thrombi, resulting in an unclear path and a significant increase in the risk of CCF. Meanwhile,
the tortuous ICA would reduce the surgeon’s control level of the microcatheter or micro guide wire[6]. Hence, we
considered that the CCF might have resulted from not performing a gentle manipulation by the operator. The tortuosity
of the ICA leads to an increased risk of inadvertently damaging the apex in case of mistakenly inserting a guide wire[7].
Consequently, it is imperative for the neurointerventionist to proceed with caution and gentleness throughout the
procedure.

Proptosis frequently manifests as a symptom of CCF. The CCF-associated symptoms are influenced by the direction of
the venous drainage, speed of blood flow through the shunts and a thrombosis-caused obstruction of the venous outflow.
Therefore, a range of clinical manifestations may arise, including but not limited to headache, nerve dysfunction and
ocular symptoms. Amidst these symptoms, the most dreaded complications are visual impairment, blindness and
intracranial haemorrhages[4]. Despite the growing use of MT in the treatment of AIS, limited cases of resulting CCF have
been reported. Furthermore, CCFs due to the high curvature of the ICA are even rarer.
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Figure 1 Image of an intracranial major artery embolism. A and B: Magnetic resonance angiography and computed tomography angiography showing
occlusion of the right internal carotid artery and middle cerebral artery (ellipses), respectively.
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Figure 2 Angiography before thrombectomy. A and B: Digital subtraction angiography showing an occlusion beyond the origin of the right internal carotid
artery (arrows); C: The A1 segment of the right anterior cerebral artery was blocked, and there was no compensatory blood flow to the right middle cerebral artery
(ellipse).

Unlike previously reported cases, a focal point in our report is the curvature of the ICA. Given that the ICA is the
exclusive pathway to the anterior circulation, its curvature represents an important challenge when performing MT. ICA
tortuosity can be categorized into four types based on the geometry of the anterior and posterior curves. Type I ICA
tortuosity is characterized by an open configuration or angle, with two subclasses: IA when the angle of the posterior
knee is greater than 90°, and IB when the angle is equal to 90°. Type Il is characterized by a closed anterior knee config-
uration with a sharper knee angle compared with Type I. Type III is defined as having the back knee angled backward,
and Type IV ICA tortuosity exhibits a highly curved appearance, resembling the shape of a Simmons angiogram catheter.
In this type, the posterior knee is curved upwards in comparison with the front knee, making it the most tortuous form of
ICA tortuosity. Type I (A or B) represents mild tortuosity, Type II-III represents moderate tortuosity, and Type IV
represents severe tortuosity[8,9]. In our case, as shown in Figure 4, this patient has a cavernous ICA tortuosity of type III,
which is moderate tortuosity.

According to the study conducted by Ono et al[7], 89% of the reported CCFs occurred specifically at the genu (bend) of
the cavernous ICA. This can be explained by the increased likelihood of direct perforation by the guidewire or distal
access catheter at the curved portion of the ICA. A previous report[10] presented two cases of perforation during catheter
navigation, the fistulas were located at the posterior part of the cavernous ICA. It was suggested that this occurrence
might be attributed to the acutely angled vasculature in this particular region. Some evidence suggests that vascular
tortuosity could depend on connective tissue alterations that weaken the structure of the nasal wall, making it more
susceptible to dissection. In this regard, it could be considered a “visual marker” of vassal fragility[11]. Compared with
straight arteries, tortuous arteries have a higher likelihood of vasospasm occurring during the passage of balloons,
catheters, embolic protection devices and stents. This is due to the increased potential for collisions between these devices
and the arterial wall. The presence of tortuosity is challenging during the procedure, typically involving repeated and
prolonged mechanical stimulation to the arterial wall. This direct stimulation can induce vasospasm, which might have
detrimental effects[12]. The tortuosity of the ICA can impede the advancement of intermediate catheters, microcatheters
and retrievers, ultimately diminishing the effectiveness of proximal aspiration and reducing the likelihood of a successful

Qﬁﬂ WJCC | https://www.wjgnet.com 6008 September 6,2023 | Volume1l | Issue25 |



Qu LZ et al. Carotid-cavernous fistula following mechanical thrombectomy

DOI: 10.12998/wjcc.v11.i25.6005 Copyright ©The Author(s) 2023.

Figure 3 Thrombectomy and carotid-cavernous fistula formation. A: After the aspiration thrombectomy, the digital subtraction angiography showed
occlusion of the terminal bifurcation of the right internal carotid artery (arrow); B: After the first stent removal, angiography showed poor right middle cerebral artery
(MCA\) reflow and no carotid-cavernous fistula (CCF) (arrow); C and D: After a second stent thrombectomy, reexamination showed CCF (arrows); E: Reflow of the A1
segment of the right anterior cerebral artery to supply blood to the right MCA supply area (circle).

DOI: 10.12998/wjcc.v11.i25.6005 Copyright ©The Author(s) 2023.

Figure 4 Cavernous internal carotid artery tortuosity. The acute angle of the anterior genu = 37.119°, the posterior genu angle = 56.618°.

embolectomy[13,14]. Consequently, this can negatively affect vessel recanalization and overall treatment outcome[15].
Complications after MT lead to increased length of stay in intensive care and stroke units, increasing the costs and
delaying the commencement of rehabilitation[16]. Iatrogenic CCFs are a subset of traumatic fistulae that may occur
during endovascular procedures[17]. With the increasing frequency of MTs performed for AIS, neuro-interventionalists
should be aware of this potential rare complication. In future surgery, predicting the curvature of ICA can help to choose
a better operation mode. However, in the case of emergency thrombectomy, the curvature of the ICA is mostly
unpredictable. Specifically, in patients with ICA occlusion, by understanding the curvature grading of the cavernous
sinus segment, the catheter and guidewire could be operated more gently and cautiously when passing through the
cavernous sinus segment and stenting for embolization during future cerebral angiography and MT. Hence, the
possibility of severe curvature of ICA should be considered. Caution and prudence of the neurointerventionist while
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Figure 5 Comparison of the physical characteristics of the patient before and after carotid-cavernous fistula embolization. A and B: Physical
examination on admission: Right proptosis, ptosis and limited eye movement; C and D: After five months of follow-up, the symptoms were relieved.

performing the procedure can ensure a discreet approach, thereby minimizing the risk of CCF.

CONCLUSION

Although limited cases of CCF during neurointerventional radiology have been reported, it is anticipated that the
number of cases will increase due to the significant rise in MT procedures following AIS. It is important to avoid
iatrogenic direct CCF complications, especially that the degree of curvature of the carotid cavernous segment is mostly
unknown at the time of MT with ICA occlusion. Therefore, it is advisable for the neurointerventionist to adopt a gentle
and cautious approach during the procedure.
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Abstract

BACKGROUND

Since its initial detection in 2019, coronavirus disease 2019 (COVID-19) pneu-
monia has rapidly spread throughout the world in a global pandemic. However,
reports of COVID-19 pneumonia among patients following kidney transplan-
tation have been limited and no uniform treatment guidelines for these patients
have yet to be established.

CASE SUMMARY

Here, we report the case of a 39-year-old patient recovering from kidney trans-
plantation who contracted perioperative COVID-19 pneumonia that was success-
fully controlled with oral paxlovid and a single intravenous drip infusion of
tocilizumab following the discontinuation of immunosuppressive drugs.

CONCLUSION

Given the rapid spread of severe acute respiratory syndrome coronavirus 2
infections, clinicians should be aware of the potential for more cases of COVID-19
among patients following kidney transplantation and be familiar with appro-
priate treatment options and likely clinical outcomes.

Key Words: Clinical research; Kidney transplantation; Coronavirus disease 2019 pneu-
monia; Paxlovid; Tocilizumab; Case report
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Core Tip: Here, we report the case of a 39-year-old patient recovering from kidney transplantation who contracted periop-
erative coronavirus disease 2019 (COVID-19) pneumonia that was successfully controlled with oral paxlovid and a single
intravenous drip infusion of tocilizumab following the discontinuation of immunosuppressive drugs. Given the rapid spread
of severe acute respiratory syndrome coronavirus 2 infections, clinicians should be aware of the potential for more cases of
COVID-19 among patients following kindey transplantation and be familiar with appropriate treatment options and likely
clinical outcomes.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic was first detected as an outbreak of pneumonia in the Wuhan region
of China in December 2019[1,2], and it the causative severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) virus
has remained highly transmissible[3-5]. The progression of the pandemic has varied markedly among countries
throughout the world, with differences in circulating viral strains and control efforts in different regions. For example,
several devastating mutant strains in Italy have rapidly emerged and caused critical illness, particularly among older
adults and immunocompromised individuals[6]. Prolonged immunosuppressive treatment is essential among transplant
recipients in order to prevent rejection, thus inevitably suppressing the immune status of these individuals as compared
to the general population. At present, there is a lack of reported cases of COVID-19 pneumonia in kidney transplant
patients, and there are no uniform treatment standards for these individuals[7]. The efficacy of different treatments, the
optimal symptomatic management strategies, and the prognostic outcomes in kidney transplant recipients suffering from
COVID-19 are also not well understood[8,9]. Here, we describe the case of a 39-year-old male that contracted and was
successfully treated for COVID-19 pneumonia after the completion of a kidney transplant procedure. Given the current
challenges associated with controlling and preventing the spread of COVID-19, clinicians performing kidney
transplantation should be aware of the risk of perioperative infection. By publishing this case report, we hope to provide
a reference for kidney transplant teams seeking to effectively manage post-transplant patient recovery.

CASE PRESENTATION

Chief complaints
Elevated creatinine detected for 3 + years, regular hemodialysis admitted for 2 + years.

History of present illness

Three years before, the patient had a cough with no obvious cause. The cough was intermittent, with no sputum, and was
accompanied by a loss of appetite, vomiting, and shortness of breath, although no nausea or chest tightness. Examination
at the local hospital showed a creatinine level of 800 pmol/L and blood pressure of 180/90 mmHg. The patient was
diagnosed with renal failure and was discharged from the hospital after symptomatic treatment. The patient wished to
have a kidney transplant and was waiting for a suitable kidney donor after matching. After finding a suitable kidney
donor, the patient was admitted to our department with a diagnosis of chronic renal failure, and surgery was scheduled.
Since the onset of the disease, the patients’ spirit, appetite, and sleep were fine, the stool was normal, the urine volume
had decreased to 800 mL/d, and there was no significant change in body weight.

History of past illness
He had a prior history of hypertension with blood pressure levels of up to 180/90 mmHg managed through the long-
term use of controlled-relates nifedipine tablets. He had no history of diabetes mellitus, hepatitis, or tuberculosis.

Personal and family history

The patient was a non-smoker and did not drink alcohol. He was a public servant, lived in an area with no endemic
diseases, and had not been vaccinated against SARS-CoV-2. He had been born, raised, and lived in his native region and
had no history of foreign travel. Additionally, he was not aware of any hereditary diseases in his family.

Physical examination
The patient had been free of nausea, vomiting, and diarrhea since the onset of the disease, and did not exhibit any masses
or positive signs, including abdominal pressure, rebound pain, or abdominal muscle tone upon examination.
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Laboratory examinations

On admission, his nucleic acid test results indicated that he was negative for COVID-19 pneumonia. On day two
following admission, the patients’ creatinine was 320 pmol/L, his estimated glomerular filtration rate was 25 mL/min,
and his hemoglobin level was 108 g/L.

Imaging examinations
Repeated chest computed tomography (CT) scans revealed patchy shadows in both lungs consistent with the possibility
of viral pneumonia (Figure 1A).

FINAL DIAGNOSIS

A pharyngeal swab was collected for SARS-CoV-2 reverse transcription polymerase chain reaction (RT-PCR) testing,
which was positive for the presence of the virus. In conjunction with the patients’ clinical presentation, etiologic evidence,
and imaging findings, a diagnosis of COVID-19 pneumonia was made.

TREATMENT

A 39-year-old male was admitted to the Affiliated Hospital of Guizhou Medical University (Guiyang, China) on
December 19, 2022, due to a three-year history of elevated creatinine levels and 2 years of regular hemodialysis. He had
expressed interest in receiving a transplanted kidney and was awaiting a suitable donor following a matching test. On
admission, his nucleic acid test results indicated that he was negative for COVID-19 pneumonia.

On the third day, he underwent allogeneic kidney transplantation under general anesthesia, with rabbit anti-human
thymocyte immunoglobulin for immune induction and mescaline sodium + prednisone acetate + tacrolimus for immune
maintenance. He was administered an empirical antimicrobial treatment consisting of piperacillin sodium/tazobactam
sodium (4.5 g/d). Sputum and urine culture results were negative, and serum calcitoninogen was negative and
interleukin 164 pg/mL. On day 14 of admission, the patient began exhibiting a persistent future. Given the recent rise in
COVID-19 infections in the country, the patient was regarded as possibly being infected with COVID-19 and he was thus
placed in an isolated single-occupancy room. A pharyngeal swab was collected for SARS-CoV-2 RT-PCR testing, which
was positive for the presence of this virus. Repeated chest CT scans revealed patchy shadows in both lungs consistent
with the possibility of viral pneumonia (Figure 1A). On the day of diagnosis, his arterial pO2 had fallen to 74 mmHg and
continuous oxygenation was initiated via nasal cannula and a face mask. Oral paxlovid (nirmatrelvir, 150 mg and
ritonavir, 100 mg, Pfizer) Q12 h was administered, while the anti-rejection drugs mescaline sodium and tacrolimus were
discontinued. The patients’ interleukin-6 (IL-6) levels were rechecked and had risen to 314 pg/mL. After a discussion
with our infectious specialist and obtaining written informed consent from the patient, tocilizumab was intravenously
administered at a dose of 8 mg/kg diluted in 100 mL of 0.9% saline. After 4 d the patient exhibited no improvements in
clinical symptoms and chest CT revealed significant worsening relative to the previous scan (Figure 1B). Following
further discussion with our team of physicians, we speculated that reductions in leukocyte counts may be related to the
activity of tocilizumab. In an effort to improve the overall immune status of this patient, we administered 5 g/d of
intravenous immunoglobulin. Administration was continued for one week. One week following COVID-19 pneumonia,
the patients” pO2 levels gradually rose and were maintained at 90%-95% following the discontinuation of paxlovid and
tocilizumab treatment. When IL-16 levels were measured 5 d after r drug administration, they had fallen to 42.42 pg/mL.

On day 7 after onset, a chest CT scan showed some degree of absorption relative to previous scans (Figure 1C). On day
28 following admission, the patient was discharged. At the time of discharge, he was free of fever or sputum production,
exhibited a pO2 of 96%, a respiratory rate of 16 breaths/min, and a controlled blood pressure of 136/82 mmHg. Repeat
chest CT (Figure 1D) and pharyngeal swab testing for COVID-19 were negative on 10 d after the confirmed diagnosis.
Tacrolimus and prednisone acetate were continued, and the patient was advised to undergo repeat outpatient testing
after 1 wk.

OUTCOME AND FOLLOW-UP

After a period of hospitalization in our hospital, the patients’ condition gradually recovered.

DISCUSSION

The ongoing COVID-19 pandemic caused by the SARS-CoV-2 virus has caused over 500 million confirmed infections and
8 million deaths throughout 223 countries and territories[10,11]. The highest number of confirmed cases to date has been
reported in the United States. Specific treatment options are lacking, with only symptomatic and routine care for infected
individuals. Emerging mutant strains of SARS-CoV-2 represent a particularly substantial threat to post-transplant
patients, as these individuals often need to attend outpatient check-up appointments and are more often hospitalized
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Figure 1 Computed tomography of the chest showing changes in the patients’ condition. A: Multiple foci of exudate in both lungs, consider viral
pneumonia; B: Multiple foci of exudate in both lungs are more than before, viral pneumonia is considered, and review after treatment is recommended; C: Foci of
exudate in both lungs are more resorbed than before, viral pneumonia is considered, and continued treatment is recommended; D: Resorption of foci of infection in
both lungs.

dues to their immunosuppressed status[12,13]. These unique population characteristics can place these individuals at a
high risk of severe illness or death.

The incubation period for COVID-19 infections reportedly varies from 1-24 d[14]. The initial presenting symptoms in
infected patients are relatively nonspecific and can include fever and an upper respiratory tract infection[15]. These signs
and symptoms also vary among patients, and the early detection and management of COVID-19 infections is thus vital to
improving therapeutic outcomes and reducing the odds that patients develop severe disease[16,17].

After undergoing organ transplantation, patients face a persistent risk of severe illness and death upon COVID-19
infection owing to their impaired immune function[18]. Most kidney transplant patients have also not been vaccinated
against COVID-19, and those that have generally exhibit relatively weak vaccine-induced humoral immunity such that
they face very high rates of morbidity and mortality[19]. When they do contract COVID-19, these patients are more likely
to progress to severe disease such that they are a particularly important group to provide with therapeutic interventions
when possible. However, the precise efficacy of different interventional regimens in COVID-19 patients that are also
transplant recipients is likely to vary as the virus continues to mutate.

In the present case, when our patient was diagnosed with COVID-19 pneumonia we initially elected to discontinue
immunosuppressive treatment with tacrolimus and mycophenolate while maintaining low-dose steroid treatment in light
of the high risk of simultaneous bacterial infection[20]. Paxlovid is a recently developed COVID-19 treatment developed
by Pfizer that consists of a combination of nirmatrelvir and ritonavir, a peptidomimetic analog of Mpro (3C-like
protease)that serves as the primary protease used by SARS-CoV-2[21]. Ritonavir can inhibit the metabolic processing of
nirmatrelvir by cytochrome P4503A (CYP3A), thus increasing the circulating levels of the drug (Figure 2). Paxlovid
received emergency use authorization from the United States Food and Drug Administration as a treatment for mild-to-
moderate COVID-19 in light of its favorable efficacy. Several studies have confirmed that paxlovid administration within
the first 5 d after SARS-CoV-2 infection can expedite viral clearance[22]. However, some researchers have questioned the
methodology employed in these studies and have suggested that the results are exaggerated. Even so, given the lack of
more effective treatment options, paxlovid represents a promising candidate treatment for patients recovering from
kidney transplantation who are infected with COVID-19. Accordingly, we elected to use paxlovid to treat our patient
following confirmed SARS-CoV-2 infection, with a total paxlovid treatment course lasting 5 d.

Some reports have indicated that infection with SARS-CoV-2 can result in severe lung damage as a consequence of
cytokine release syndrome mediated by an overzealous host immune response to the virus. Those patients with severe
disease tend to exhibit higher levels of IL-6 as compared to patients with less severe disease. Tocilizumab is initially used
to treat adult patients with moderately severe active rheumatoid arthritis that have failed to satisfactorily respond to
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Figure 3 Tocilizumab binding to the interleukin-6 (IL-6) receptor (gp80) inhibits IL-6 binding and signal transduction. IL-6: Interleukin-6.

disease-modifying anti-rheumatic drug treatment[23]. In a prospective, multicenter, open-label, randomized, controlled
trial, investigators found that tocilizumab appeared to be more effective in patients with COVID-19 who had high IL-6
concentrations[24]. Some COVID-19 patients will experience severe disease characterized by dyspnea, respiratory failure,
and acute respiratory distress syndrome driven by IL-6 and other components of cytokine release syndrome in critical
cases. Blocking of IL-6 production is an attractive means of targeting excessive inflammation during SARS-CoV-2
infection, as IL-6 is known to play a critical role in the COVID-19-induced cytokine storm. Tolizumab is a competitive
inhibitor of membrane-bound and soluble IL-6 receptors that blocks the downstream signaling of IL-6 (Figure 3). The use
of the IL-6 receptor antagonist tocilizumab as a treatment for severely ill COVID-19 patients thus has the potential to
mitigate these severe outcomes[25]. In this case, we treated our patient with tocilizumab given his high circulating IL-6
concentrations in an effort to protect against further lung lesions and associated pulmonary distress. At present, there is
no consensus regarding the optimal timing of tocilizumab administration when treating COVID-19, and given that our
patient experienced positive clinical outcomes with a single dose of tocilizumab, we did not administer any further doses.
It is important to note that IL-6 Levels may remain temporarily elevated following the initiation of tocilizumab treatment
as the antibody blocks the IL-6 receptor, whereas the ligand itself remains in circulation and degrades over time. In the
present case, the patient was also administered immunoglobulin to enhance his immune system.

The treatment of patients with COVID-19 has forced physicians to choose between trying unproven therapeutic agents
and hoping that they work or providing standard supportive care for patients with severe respiratory disease until the
identification of an optimal therapeutic agent by randomized controlled clinical trials. The platform trial PEMAP-CAP
(randomized, embedded, multi-factorial, adaptive platform trial for community-acquired pneumonia-for critically ill
patients) aims to turn the frantic attempts to save lives on the front line into an ongoing international trial with the goal of
rapidly identifying the best treatments for terminally ill patients. Because pandemics are unpredictable and can occur
suddenly, it is important to have the appropriate infrastructure in place to generate evidence on optimal treatments
during a pandemic so that clinicians and policymakers can use this information to improve patient prognosis.

In summary, we have herein detailed a case of COVID-19 pneumonia that developed during the perioperative period
in a patient that underwent kidney transplantation to treat end-stage kidney disease. The patient was successfully treated
with a series of drugs including paxlovid, tocilizumab, and human immunoglobulin together with the temporary discon-
tinuation of the immunosuppressive therapy given following transplantation. While informative, this case is subject to
several limitations. As this is a single case, it is not sufficient to formulate treatment guidelines for these multiple, and the
self-healing process in COVID-19 patients following kidney transplantation remains to be fully elucidated. Even so, we
believe that this case will provide a valuable reference to clinicians in transplant units, aiding in the recognition and
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potential treatment of COVID-19 pneumonia among individuals in the perioperative period following transplantation.

CONCLUSION

Given the sustained high rates of COVID-19 infections throughout the globe, we believe that descriptions of the effective
management of exceptional cases are important as a focus of concern for transplant surgeons until sufficiently large
volumes of data are available from clinical studies to provide more robust guidance.
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Abstract

BACKGROUND

Kidney transplantation is the standard treatment for end-stage renal disease.
Particularly, rare and specific pathogenic infections which are asymptomatic are
often difficult to diagnose, causing delayed and ineffective treatment and thus
seriously affecting prognosis. Tropheryma whipplei (T. whipplei) is a Gram-positive
actinomycete widely found in soil, sewage, and other external environments and
is present in the population as an asymptomatic pathogen. There is relatively little
documented research on T. whipplei in renal transplant patients, and there are no
uniform criteria for treating this group of post-transplant patients. This article
describes the treatment of a 42-year-old individual with post-transplant T. whipplei
infection following kidney transplantation.

CASE SUMMARY

To analyze clinical features of Whipple’s disease and summarize its diagnosis and
treatment effects after renal transplantation. Clinical data of a Whipple’s disease
patient treated in the affiliated hospital of Guizhou Medical University were
collected and assessed retrospectively. The treatment outcomes and clinical
experience were then summarized via literature review. The patient was admitted
to the hospital due to recurrent diarrhea for 1 mo, shortness of breath, and 1 wk of
fever, after 3 years of renal transplantation. The symptoms of the digestive and
respiratory systems were not significantly improved after adjusting immunosup-
pressive regimen and anti-diarrheal, empirical antibiotic treatments. Broncho-
scopic alveolar fluid was collected for meta-genomic next-generation sequencing
(mNGS). The deoxyribonucleic acid sequence of Tropheryma whipplei was detected,
and Whipple's disease was diagnosed. Meropenem, ceftriaxone, and other symp-
tomatic treatments were given, and water-electrolyte balance was maintained.
Symptoms resolved quickly, and the patient was discharged after 20 d of hospital-
ization. The compound sulfamethoxazole tablet was continued for 3 mo after
discharge. No diarrhea, fever, and other symptoms occurred during the 6-month
follow-up.
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CONCLUSION
Whipple’s disease is rare, with no specific symptoms, which makes diagnosis difficult. Polymerase chain reaction
or mNGS should be immediately performed when the disease is suspected to confirm the diagnosis.
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INTRODUCTION

Kidney transplantation is standard treatment for end-stage renal disease[1,2]. Human and kidney survival rates have
improved significantly after kidney transplantation with the development of immunosuppressive drugs, advancements
in surgical techniques, and improved perioperative management protocols[3,4]. However, infectious diseases are
significantly more frequent in post-transplant recipients than in general population due to prolonged immunosup-
pressive medication, and infection has become one of the main causes of death after kidney transplantation[5]. Partic-
ularly, rare and specific pathogenic infections which are asymptomatic are often difficult to diagnose, causing delayed
and ineffective treatment and thus seriously affecting prognosis[6]. Tropheryma whipplei (T. whipplei), a Gram-positive
actinomyecete, is widely found in soil, sewage, and other external environments and is present in the population as an
asymptomatic pathogen[7,8]. Historically, the symptoms of Whipple’s disease included intermittent and recurrent
arthralgia or arthritis with chronic diarrhea, abdominal pain, weight loss, and central nervous and cardiovascular systems
effects[9,10]. The occurrence of Whipple’s disease after renal transplantation has not been reported yet. A patient with
Whipple’s disease was admitted with respiratory and digestive systems infections after renal transplantation and the
treatment outcomes were good. This case aimed to report clinical data and treatment outcomes. Furthermore, the relevant
domestic and international literature was also included to provide a reference for the timely diagnosis and treatment of
this rare disease.

CASE PRESENTATION

Chief complaints
Diarrhea for 1 mo, shortness of breath with fever for 1 wk.

History of present illness

A 46 years old male patient was enrolled at the affiliated hospital of Guizhou Medical University for the uremic stage of
chronic renal failure (primary nephropathy unknown) and underwent a living donor kidney transplant in July 2019. The
patient received left kidney of his father. The donor-recipient blood type is A. The human leukocyte antigen mismatch
was 2. The recipient had a negative preoperative penal reactive antibody and a complement-dependent cytotoxicity test
of 3%. The donor underwent laparoscopic kidney resection, and the recipient underwent conventional kidney
transplantation at the right iliac fossa. The rabbit anti-human thymocyte immunoglobulin (r-ATG) was administered
intra- and post-operatively at 50 and 25 mg from D1 to D4, respectively. There were no postoperative complications, and
the patient was discharged 14 days after the surgery. With regular follow-up after discharge, a triple immunosuppressive
regimen of tacrolimus + morte-tacrolimus + glucocorticoids was used to prolong anti-rejection and tacrolimus trough
maintained between 5 and 10 ng/mL was prescribed. The patient with 1 mo of diarrhea visited the hospital; he had 5-6
stools per day, diluted and watery, without mucus, pus, and blood. Outpatient treatment with symptomatic anti-diarrhea
and intestinal flora regulation did not significantly relieve diarrhea symptoms. Subsequently, the immunosuppressive
regimen was adjusted, and diarrhea frequency decreased to 2 to 3 times daily. After one week, the patient developed
shortness of breath with fever after activity with no apparent cause, with a maximum temperature of 38.5 °C. He was
diagnosed with “diarrhea and fever to be investigated” and was admitted to the hospital without cough, sputum, nausea,
vomiting, and frequent and urgent urination. On the day of admission, he relieved loose stools twice and urinated 1200
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mL. He had lost about 2.5 kg of weight in the past month.

History of past illness

Denied unclean diet, cold and close contact with febrile patients before the disease onset, hypertension, diabetes,
coronary heart disease, tuberculosis, hepatitis B, etc. There was no history of trauma, blood transfusion, drug or food
allergy, living in infected areas, contact with infected water or sources, or exposure to radiation, toxins, or drugs.
Furthermore, there was no residence history in areas with medium to high risk of neoconiosis or close contact.

Personal and family history
Born and raised in Guizhou Province, no history of extended travel outside the country, no smoking or drinking. Parents,
children and spouse are all healthy.

Physical examination

The initial checkup indicated a temperature of 37.8 °C, pulse 106/ min, respiration 28/min, blood pressure 123/85 mmHg,
and finger pulse oxygen 91%. After a physical examination, he was clear and had shortness of breath, with a medium
body shape, general nutrition, and cooperation. The pupils were equally large and rounded bilaterally, and the light
reflex was sensitive. There was no yellowing of the skin and sclera, and no petechiae were observed on the skin mucosa.
No enlargement of superficial lymph nodes was detected throughout the body. Breath sounds were coarse in both lungs,
and a few wet rales could be heard in the middle and lower lungs. He had a uniform heart rhythm with no murmur in
the valves. Abdominal and neurological investigations were negative; no abnormal external genitalia development or
external urethral discharge was identified. Furthermore, there was no abnormal joint movement of the limbs.

Laboratory examinations

The blood profile revealed the following: Leukocytes = 8.94 x 10°/L, lymphocyte = 4.3%, absolute lymphocyte value =
0.38 x 10°/L, neutrophil = 90.5%, absolute neutrophil value = 8.09 x 10°/L, calcitoninogen = 0.45 pg/L, creatinine = 131.0
pmol/L, blood sodium = 132.1 mmol/L, blood chloride = 79.9, blood glucose = 8.43 mmol/L, albumin = 32.5 g/L, and
ultrasensitive C-reactive protein = 24.94 mg/L. The routine stool test and Vibrio cholera, Salmonella, and Shigella culture
were negative. Tacrolimus blood concentration was 4.76 ng/mL.

Imaging examinations
Chest computed tomography (CT) showed multiple exudates in both lungs, and infection was considered.

FINAL DIAGNOSIS
Whipple disease.

TREATMENT

After the admission, the cardiac profile was monitored, nasal catheter oxygenation was administered, the empirical anti-
infection regime of moxifloxacin was initiated, mortification with mortification, symptomatic anti-diarrhea medication
was started, the water-electrolyte acid-base balance was carefully maintained for active infection improvement and
pathogenesis-related tests were performed.

Blood and urine BK and human cytomegalovirus virus deoxyribonucleic acid were negative, fungal (1,3)-p-D glucan <
37.5 pg/mL, Aspergillus galactomannan = 0.205 S/CO, and antibodies to 12 common respiratory pathogens were also
negative. After 3 d of empirical anti-infective treatment, the patient’s shortness of breath and fever did not improve; the
fever peak rose to 38.9 °C and was mainly experienced from 2 pm to 10 pm daily. Therefore, the anti-infective regimen
was adjusted to moxifloxacin + cefoperazone-sulbactam sodium with micafungin (antifungal). Furthermore, blood
bacterial and fungal cultures and fiberoptic bronchoscopy were performed, which were negative. Fibronectomy indicated
abnormal trachea and bronchi. On brush examination of the posterior segment of the right lung’s upper lobe, ciliated
columnar cells, a few erythrocytes, and phagocytes were seen microscopically, and no acid-resistant bacilli were found on
antacid staining. Bronchoalveolar lavage fluid (BALF) was obtained for metagenomics next-generation sequencing
(mNGS), which Whipple’s nutrient barrier sequence was detected after 2 days. Since this was a rare pathogen and our
department has no previous experience with this disease, literatures weas reviewed, and multidisciplinary consultation
(MDT) with the Department of Infection, Clinical Pharmacy, Respiratory Medicine, and Gastroenterology was requested
to change the anti-infective regimen to meropenem alone. After 48 h of this new regime, the patient’s temperature
dropped to 36.8 °C and fluctuated within the normal range after that. After 9 d, the regimen was changed to ceftriaxone;
post- 5 days of ceftriaxone, it was changed to oral cotrimoxazole.
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Figure 1 Pathogenesis of Whipple’s disease. IL: Interleukin; IFN: Interferons; T. whipplei: Tropheryma whipplei.

OUTCOME AND FOLLOW-UP

The patient was discharged after 20 d of hospitalization and continued on oral cotrimoxazole for 3 mo after discharge. At
6 mo post-discharge follow-up, the patient’s transplanted renal function was stable, no significant abnormalities were
observed in the relevant biochemical indices, and no extended symptoms such as diarrhea or fever occurred.

DISCUSSION

Whipple’s disease is a rare systemic infection caused by T. whipplei, most frequently observed in patients with diabetes,
chronic kidney disease, liver disease, and immunodeficiency[11,12]. Its Pathogenesis of Whipple’s disease is shown in
Figure 1. It is also detected in the general population as an asymptomatic pathogen. A study reported its incidence to be 3
in a million, and no relevant epidemiological report from China exists[13]. It is primarily manifested with intermittent
and recurrent arthralgia or arthritis with chronic diarrhea, abdominal pain, and weight loss. It can affect multiple systems
such as cardiovascular, central nervous, respiratory, and skin systems. If left untreated, many serious complications can
occur, with poor prognosis[14]. Because of the rarity, non-specific clinical manifestations, and absence of classical
diagnostic techniques (smear microscopy, microbial culture, antigenic antibody testing, efc.) to identify T. whipplei
nurturing bodies, the disease is difficult to diagnose and is mainly confirmed using tissue biopsy and pathogenetic
genetic testing[15]. Upon suspicion, despite gastrointestinal symptoms, small intestinal mucosal specimens should be
obtained via microscopy for periodic acid Schiff staining, polymerase chain reaction (PCR), and mNGS testing[16]. If the
results of small intestinal tissue examination are not diagnostic, the above tests should be performed by sampling the
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corresponding lesion sites (synovial membrane, lymph nodes, alveolar lavage fluid, cerebrospinal fluid, blood, etc.)
according to the patient’s clinical manifestations. With the rapid development of molecular biology techniques, the
application of mNGS for pathogenic detection has been increasing, especially for clinically rare, atypical, or caustic
microorganisms with important diagnostic value[17,18]. mNGS also allow the detection of multiple pathogens simultan-
eously in a single specimen, dismissing repeated sampling, and multiple testing[19].

In review, the patient received long-term maintenance therapy with immunosuppressive drugs after renal trans-
plantation and had recurrent diarrhea with weight loss as the first symptom. Diarrhea is frequent in most post-transplant
patients and is mostly considered non-infectious and caused by morte-macrolides. The diarrhea was slightly relieved
after routine adjustment of immunosuppressants and symptomatic anti-diarrhea medications. Subsequently, the patient
developed respiratory symptoms, including chest tightness, shortness of breath with fever, and inflammatory exudate in
both lungs, evident by chest CT. Although monism was applied to explain the digestive and respiratory symptoms, we
could not find a disease or pathogen linked with the incidence of all the clinical symptoms simultaneously, and conven-
tional pathogenic tests were not positive. Therefore, only a preliminary diagnosis of non-infectious diarrhea combined
with community-acquired pneumonia was made, and the two systems were treated separately, which was ineffective.
The patient’s diagnosis was confirmed when BALF was examined by fiberoptic bronchoscopy for mNGS, and a sequence
of T. whipplei nutrient blockers was detected. This case highlighted that in the future, if a patient with diarrhea and
combined motor, cardiovascular, respiratory, or other systemic symptoms is admitted after renal transplantation and the
conventional treatment is ineffective, the possibility of Whipple’s disease should be considered, and specimen from the
appropriate site should be collected for PCR or mNGS testing.

Currently, there are no guidelines or expert consensus on treating Whipple’s disease. The primary treatment includes
anti-infective therapy against the pathogen and supportive symptomatic therapy against the corresponding systemic
symptoms. Effective anti-infective drugs reported in the literature include meropenem, ceftriaxone, cotrimoxazole,
doxycycline, and hydroxychloroquine[20,21]. In this case, meropenem was selected as an anti-infection after MDT
consultation because of severe respiratory symptoms, which quickly improved the patient’s fever and was subsequently
stepped down to ceftriaxone. Furthermore, A research reported that a recurrence rate of this disease was 30% to 40%[22];
therefore, an oral combination of sulfamethoxazole or doxycycline + hydroxychloroquine for 3 mo to 1 year was
proposed. The patient continued using sulfamethoxazole for 3 mo after discharge. The followed up of > 6 mo reported no
further symptoms of diarrhea and fever, as well as had stable transplant renal function[23].

CONCLUSION

In summary, prolonged immunosuppressive medication in organ transplant patients can cause opportunistic infections,
especially some relatively rare pathogens in the normal population, and often causes difficulties in clinical management.
Whipple’s disease after renal transplantation is rarely reported. Therefore, if a patient enrolls with diarrhea and
symptoms of motor, respiratory, cardiovascular, or other systems after renal transplantation and indicates poor outcomes
after conventional management, Whipple’s disease should be considered. PCR or mNGS testing can be performed on the
appropriate specimens for early detection of pathogens for targeted anti-infective treatment.
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Abstract

BACKGROUND
Since May 2022, outbreaks of monkeypox have occurred in many countries
around the world, and several cases have been reported in China.

CASE SUMMARY

A 38-year-old man presented with a small, painless, shallow ulcer on the coronary
groove for 8 d. One day after the rash appeared, the patient developed inguinal
lymphadenopathy with fever. The patient had a history of male-male sexual
activity and denied a recent history of travel abroad. Monkeypox virus was
detected by quantitative polymerase chain reaction from the rash site and throat
swab. Based on the epidemiological history, clinical manifestations and nucleic
acid test results, the patient was diagnosed with monkeypox.

CONCLUSION

Monkeypox is an emerging infectious disease in China. Monkeypox presenting as
a chancre-like rash is easily misdiagnosed. Diagnosis can be made based on
exposure history, clinical manifestations and nucleic acid test results.
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Core Tip: We reported an indigenous case of monkeypox transmitted by male-male sexual activity, suggesting the beginning
of community transmission of monkeypox in the mainland of China. Monkeypox presenting as genital ulcers is easily
misdiagnosed as chancre or other skin diseases. Clinicians should improve the awareness of monkeypox to avoid possible
misdiagnosis and prevent the spread of monkeypox in the community.
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INTRODUCTION

Monkeypox is a zoonotic disease caused by the monkeypox virus (MPXV) that infects both humans and animals. It used
to be predominantly prevalent in West and Central Africa. However, since May 2022, there have been multiple global
outbreaks of monkeypox with different transmission routes and clinical presentations compared to the classical form[1].
In September 2022, China reported its first imported case, followed by sporadic cases within the country[2]. This article
reports a recently diagnosed case of indigenous monkeypox and reviews the relevant literature.

CASE PRESENTATION

Chief complaints
A 38-year-old male pet shop worker presented to our dermatologic clinic with coronary ulcers for 8 d.

History of present illness

Eight days ago, the patient developed a small, painless shallow ulcer near the coronary sulcus of the glans without
obvious inducement. The ulcer was not relieved by self-topical mupirocin treatment and became deeper. Seven days ago,
the patient developed inguinal lymphadenopathy and fever, with a maximum body temperature of 38.6 °C. He self-
administered ibuprofen for symptomatic relief. One day ago, new rashes appeared on the neck and limbs, prompting him
to seek medical help at our department.

History of past illness
The patient was healthy in the past.

Personal and family history
The patient had a history of unprotected male-male sexual activity approximately 11 d before the rash onset and denied a
recent history of travel abroad.

Physical examination

Physical examination revealed redness and swelling of the pharynx and enlargement of bilateral inguinal lymph nodes.
Multiple grayish-white plaques with a central ulceration were observed in the coronal groove of the glans penis, without
obvious secretions on the surface (Figure 1A). There were scattered tender papules, papulopustules and crusts on the
neck, palms, and inner thighs (Figures 1B and C).

Laboratory examinations

The treponema pallidum particle agglutination assay, toluidine red unheated serum test, and human immunodeficiency
virus antigen antibody combination test (HIV-P24) were negative. The white blood cell count was 6.98 x 10°/L, with an
atypical lymphocyte proportion of 4%, and the C-reactive protein level was 16.04 mg/L. There were no obvious
abnormalities in liver or kidney function. Monkeypox virus quantitative polymerase chain reaction testing was
performed on swabs taken from the rash site and throat secretion. The computed tomography (CT) values for the rash on
the glans penis and the throat swab were 23 and 37, respectively. The virus was identified as the West African strain by
sequencing by the Hangzhou Center of Disease Control and Prevention.

FINAL DIAGNOSIS

Based on the epidemiological history, clinical manifestations, and nucleic acid test results, the patient was diagnosed with
monkeypox.
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Figure 1 Skin and mucosal lesions on physical examination. A: Multiple grayish-white plaques with central ulcerations on the coronal groove, without
obvious secretions on the surface; B and C: Scattered papulopustules with tenderness on the neck and palms.

TREATMENT

The patient was admitted to the ward and placed in droplet and contact isolation. Antiviral treatment with acyclovir and
symptomatic treatment with celecoxib were administered. Topical application of recombinant human interferon alpha-2b
spray was used for antiviral therapy. Four days later, the patient’s body temperature returned to normal, and no new
rashes appeared. He was discharged but still needed to continue medication at home and self-isolate.

OUTCOME AND FOLLOW-UP

By telephone follow-up, all the rashes crusted and fell off 14 d after discharge, leaving superficial depressed scars on the
neck and hypopigmentations on the other sites. At present, the patient has been released from self-isolation.

DISCUSSION

Monkeypox virus is a double-stranded DNA virus belonging to the genus Orthopoxvirus of the Poxviridae family. Its
primary hosts are African rodents. The first case of human monkeypox infection was reported in the Democratic Republic
of the Congo in 1970[3]. Subsequently, sporadic outbreaks occurred in some countries in West and Central Africa, with a
few travel-associated cases reported in Europe, North America, and Asia[1]. From May 2022, monkeypox started to
spread extensively and had outbreaks in multiple nontraditional endemic countries and regions. As a result, in July 2022,
the World Health Organization declared the outbreak of monkeypox a Public Health Emergency of International
Concern.

Monkeypox can be transmitted through two main routes: animal-to-human and human-to-human transmission.
Transmission between humans occurs through the inhalation of large respiratory droplets, close or direct contact with
skin lesions, vertical transmission, or indirect contact through fomites[1]. Currently, there is no clear evidence of sexual
transmission through semen or vaginal secretions[4]. In the current global outbreak of human MPXV infection, most
diagnosed cases are among men who have sex with men, and direct contact with infectious lesions is the main route of
transmission[4-6]. Subclinical or asymptomatic monkeypox infections are rare[1]. However, in the 2022 outbreak, approx-
imately half of the transmissions occurred during the presymptomatic stage, indicating a need for further research to
determine the possibility of transmission by asymptomatic individuals[1,7]. In this case, the patient engaged in
unprotected sexual behavior with a male before the rash appeared, which aligns with male-to-male transmission.

In the 2022 outbreak, the average incubation period after exposure was 7-10 d[4,8-10]. Systemic symptoms are common
and typically present as fever, fatigue, or myalgia[1]. These symptoms can occur before or shortly after the onset of rash,
although reports of skin lesions without systemic illness have also been observed[5,8]. The rash of monkeypox usually
lasts for 2-3 wk. It initially appears as small spots and then evolves into papules, vesicles, and pustules, which crust, dry,
and eventually slough off after 7 d to 14 d[1]. Skin lesions can appear on any part of the body, and different stages of
lesions may coexist[6]. In previous outbreaks, the rash typically first appeared on the face and gradually spread to the
trunk and limbs. However, in the 2022 outbreak, the lesions were mainly located in the anogenital and perioral regions[4,
6]. Genital rash in male patients may manifest as one or multiple lesions[5]. Approximately a quarter of patients are
concurrently diagnosed with sexually transmitted diseases[4,5]. In this case, the patient’s rash initially occurred in the
coronal sulcus, presenting as a chancroid-like genital ulcer, which can often be misdiagnosed as chancroid.

In September 2022, the first imported case of the mainland of China was reported in Chongqing municipality[2].
According to the statistics on the WHO website, as of June 27, 2023, there have been 6 confirmed cases in the mainland of
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China (https://worldhealthorg.shinyapps.io/ mpx_global/). Two recently reported cases of local transmission in the
mainland of China were both males who had sex with men[11,12]. In one case, the initial manifestation was gray-white
plaques in the coronal sulcus, followed by fever, sore throat, and generalized rash[11]. In the other case, the patient
developed erythema, papules, pustules, and ulcers on the penis and pubis three days after the onset of fever[12]. The
epidemiological characteristics and clinical presentations of our case were similar to those of the above two cases, with an
incubation period of approximately 11 d. The initial presentation is painless ulceration in the coronal sulcus, followed by
fever and enlarged lymph nodes one day later. It can be misdiagnosed as syphilis chancre, lymphogranuloma venereum,
chancroid, genital herpes, or balanitis. Chancre has an average incubation period of 2 wk to 4 wk and is often solitary
with a clean, smooth base and cartilaginous hardness without systemic symptoms. Monkeypox, however, often has
multiple rashes, presenting as papulopustules, umbilical-like papules, etc., with surrounding redness and swelling, and
often has systemic symptoms before or after the onset of rash[5]. Lymphogranuloma venereum is characterized by small
superficial vesicles or ulcers, followed by inguinal lymphadenopathy, ulceration, and suppuration, while lymphaden-
opathy of monkeypox often resolves within a short period. Chancroid presents as painful, purulent ulcers in the genital
area, often accompanied by suppurative lymphadenitis in the inguinal region, whereas monkeypox skin lesions are not
associated with severe pain. Genital herpes manifests as multiple vesicles that progress to erosions, which are smaller and
shallower than monkeypox lesions. After the onset of generalized rash, monkeypox needs to be differentiated from
varicella. Compared to monkeypox, varicella lesions were polymorphic and centripetal distributed, with denser lesions
on the trunk than on the face and limbs, and developed rapidly without lymph node enlargement. In contrast,
monkeypox skin lesions usually start on the genital area or face and spread in a centrifugal manner, involving the chest,
arms and legs, followed by the palms and soles[13]. In this case, there were vesicular eruptions on both palms.
Additionally, monkeypox needs to be distinguished from other poxvirus infections, secondary syphilis, pyoderma, and
aphthous ulcers[1].

Timely diagnosis is crucial for controlling the spread of monkeypox. The diagnosis of monkeypox is based on a
comprehensive assessment of clinical manifestations, epidemiological history, and laboratory testing results. Skin lesion
specimens are preferred for testing due to high viral load and positive nucleic acid detection rates[14]. In this case, the
nucleic acid test result from the skin lesion had a lower CT value than the throat swab, supporting transmission through
close contact. A relatively high proportion of patients with monkeypox were HIV positive or had sexually transmitted
diseases[4,5], so testing for HIV and other sexually transmitted infections should be conducted for monkeypox patients.
Once diagnosed, the patients should be promptly isolated until all skin lesions crust over and fall off. Monkeypox is self-
limiting and generally has a good prognosis. Most patients do not need special treatment, and symptomatic care, such as
antipyretic and analgesic therapy, is sufficient. However, monkeypox in individuals with advanced and uncontrolled
HIV infection may have a higher risk of developing serious and prolonged illness, which should be given high attention
[15]. Effective antimicrobial therapy should be administered for secondary bacterial skin infections. Currently, there are
no specific antiviral drugs for treating monkeypox. Antiviral treatment with tecovirimat is preferred for severe cases and
immunocompromised individuals[16]. In this case, the patient did not have any other sexually transmitted diseases, and
his condition improved after symptomatic antipyretic treatment without complications.

CONCLUSION

In China, monkeypox is a newly emerging infectious disease. Currently, the number of monkeypox cases in the mainland
of China is gradually increasing. Clinical physicians need to enhance their understanding of this disease. For individuals
with a high-risk exposure history, especially a history of male-to-male sexual contact, and the presence of papules,
vesicles, pustules or ulcers around the genital and anal areas, with or without fever and lymphadenopathy, the possibility
of monkeypox should be considered. Immediate MPXV nucleic acid testing should be performed to confirm the
diagnosis, and the patient should be isolated and treated in time. In addition, it is necessary to improve the reporting and
monitoring system, strengthen health education for high-risk populations, and administer vaccines to high-risk
individuals when necessary to curb community transmission of monkeypox.
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