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ABSTRACT

Blue Rubber Bleb Nevus Syndrome (BRBNS) is a rare systemic vascular
malformation-related disorder that primarily affects the skin, gastrointestinal
tract, and central nervous system. Approximately 55.9% of patients have
lesions involving the oral and maxillofacial region. Due to the potential risks
of gastrointestinal hemorrhage and intracerebral hemorrhage, it is crucial for
dental practitioners to promptly identify and refer such cases to relevant de-
partments to improve patient prognosis and enhance quality of life. This pa-
per reports two cases of BRBNS associated with maxillofacial vascular mal-
formations treated at the Oral and Maxillofacial Surgery Department of
Henan Provincial People's Hospital. In conjunction with a literature review,
this study discusses the clinical features, diagnosis, and treatment strate-
gies of BRBNS, aiming to raise awareness among dental practitioners to
avoid missed or incorrect diagnoses.

1. Introduction

Blue Rubber Bleb Nevus Syndrome (BRBNS) is a

testinal bleeding, and secondary iron-deficiency
anemia(Martinez et al., 2014).
The distribution of BRBNS lesions varies among

rare systemic vascular malformation disorder that
primarily affects the skin, gastrointestinal tract, and
central nervous system. It is characterized by multiple
vascular malformations in the skin and digestive sys-
tem, with clinical manifestations commonly including
multiple cutaneous vascular malformations, gastroin-

patients. According to a study by Kozai L et al., the
most commonly affected site is the oral cavity
(55.9%), followed by the small intestine (49.5%), col-
orectum (35.6%), and stomach (26.7%) (Kozai &
Nishimura, 2023). This indicates that some BRBNS
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patients may initially present to the dental department
due to maxillofacial vascular malformations.

Given this, the present study reports two cases of
BRBNS with maxillofacial vascular malformations as
the primary clinical presentation, which were diag-
nosed and treated at the Department of Oral and
Maxillofacial Surgery, Henan Provincial People's
Hospital. A review of the relevant literature is also
provided to discuss the clinical features, diagnostic
criteria, and treatment strategies for BRBNS. The aim
is to raise awareness among dental practitioners, re-
duce the risk of missed or misdiagnosed cases, and
ultimately improve patient outcomes.

Both cases reported in this study obtained in-
formed consent from the patients or their guardians.
The study protocol was reviewed and approved by
the Ethics Committee of the School of Medicine,
Henan University (Approval No. HUSOM2024-452).

2. Patients

2.1. Case 1

A 3-month-old male infant presented with a chief
complaint of "red-blue masses on the nasal tip and
right lower lip for over one month." The parents no-
ticed the appearance of red-blue discoloration and
localized swelling on the nasal tip and the right lower
lip, which showed no significant improvement after
one month of observation, prompting them to seek
medical attention.

Physical examination revealed a red-blue soft
mass measuring approximately 1.5 x 1.5 x 1 cm on
the nasal tip and another on the right lower lip mea-
suring 1.5 x 1 x 0.5 cm (Figures 1, 2). Both lesions
were soft in texture, homogeneous, and non-hemor-
rhagic. The patient had no family history of hereditary
diseases.

Upon admission, routine blood tests revealed he-
moglobin levels of 117.3 g/L, while fecal occult blood
test (FOBT) was weakly positive. No other abnormali-
ties were detected in the standard laboratory workup.
Abdominal computed tomography (CT) revealed no
significant abnormalities.

A multidisciplinary discussion (MDT) was held in-
volving specialists from oral and maxillofacial surgery,
pediatric surgery, gastroenterology, and vascular
anomaly departments. The initial diagnosis was mul-
tiple vascular malformations of the maxillofacial re-
gion, with the possibility of Blue Rubber Bleb Nevus
Syndrome (BRBNS) not being excluded. The pa-
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Figure 1-4

1. Right lower lip; 2. Nasal tip; 3. Central lower lip; 4. Mi-
croscopic view showing dilated lumens of varying sizes,
with possible thrombus formation within the lumens.

tient’s family was informed of the condition, and oral
iron supplementation was recommended to correct
anemia. Although endoscopic examination of the gas-
trointestinal tract was suggested, the procedure was
deemed too risky due to the patient's young age. The
parents opted for surgical treatment of the mass on
the right lower lip only.

Under general anesthesia, a "right lower lip mass
excision" was performed. Postoperative histopatho-
logical examination revealed features consistent with
venous malformation with thrombosis (Figure 4). The
patient was treated with oral iron supplements follow-
ing surgery and was followed up at 1, 3, and 6
months postoperatively. No recurrence of the mass
was observed, and the patient’s hemoglobin levels
gradually increased from 136.8 g/L to 143.9 g/L.

Two years after surgery, a new mass reappeared
on the patient’s lower lip (Figure 3). The patient was
referred to a pediatric specialist hospital for gastroin-
testinal endoscopic examination. Endoscopy revealed
hemorrhagic and bluish lesions in the small intestinal
wall. The lesions were excised, and hemostasis was
achieved via ligation. Histopathological analysis con-
firmed venous malformation, leading to a definitive
diagnosis of BRBNS.

The lesions on the lower lip and nasal tip were
treated with local injections of pingyangmycin, a scle-
rosing agent. One year after treatment, follow-up re-
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vealed that the patient had normal hemoglobin levels,
a negative fecal occult blood test (FOBT), and signifi-
cant reduction in the size of the masses on the lower
lip and nasal tip.

2.2. Case 2

A 14-year-old male patient was referred to our
hospital with a chief complaint of "bilateral temporal
masses for 10 years and a tongue mass for 1 year."

Physical examination revealed multiple bluish-pur-
ple masses on both temporal regions and the dorsal
surface of the left side of the tongue (Figures 5-7).
The masses were soft in texture, with no signs of
bleeding, ulceration, or significant tenderness. The
patient had a history of chronic anemia and had pre-
viously received treatment with traditional Chinese
herbal decoctions at a local clinic, with limited thera-
peutic effect. There was no family history of heredi-
tary diseases.

Upon admission, routine blood tests revealed a
white blood cell count of 9.59 x 1079/L and he-
moglobin level of 104.1 g/L. The fecal occult blood
test (FOBT) was weakly positive, while other routine
laboratory tests were unremarkable. Abdominal com-
puted tomography (CT) suggested the presence of
multiple hepatic hemangiomas (Figure 8).

A multidisciplinary team (MDT) composed of spe-
cialists from oral and maxillofacial surgery, gastroen-
terology, spinal surgery, and vascular anomaly de-
partments convened to discuss the case. The initial
diagnosis was Blue Rubber Bleb Nevus Syndrome
(BRBNS). Endoscopic examination of the gastroin-
testinal tract revealed bleeding at the terminal ileum,
for which an endoscopic hemostasis procedure was
performed (Figures 9, 10). The biopsy results con-
firmed the diagnosis of BRBNS.

The patient underwent local sclerotherapy with
pingyangmycin injections targeting the masses in the
bilateral temporal regions and the tongue. Following
treatment, the patient’s condition improved, and he
was discharged from the hospital.

Follow-up visits were conducted at 1, 2, and 3
months post-discharge. Significant reduction in the
size of the masses on the bilateral temporal regions
and tongue was observed, and the patient received
additional local sclerotherapy with pingyangmycin in-
jections during this period. At 3 months post-dis-
charge, the patient's overall health continued to im-
prove. His hemoglobin level increased to 109.3-126.5
g/L, and the fecal occult blood test (FOBT) turned
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Figures 5-10

5. Vascular malformation in the left temporal region; 6.
Vascular malformation in the right temporal region; 7.
Vascular malformation on the dorsal surface of the left
side of the tongue; 8. CT showing multiple hepatic he-
mangiomas; 9. Active thrombus head observed at the
terminal ileum;10. Thrombus head closed with metal
clips.

negative. At 6 months and 1 year post-discharge, fol-
low-up evaluations revealed no recurrence of anemia,
normal blood test results, and persistently negative
FOBT.

3. Discussion

3.1. Etiology

Blue Rubber Bleb Nevus Syndrome (BRBNS) was
first described by Gascoyen in 1860(Gascoyen, n.d.).
Later, in 1958, Bean provided a detailed description
of its clinical features and officially named it Blue
Rubber Bleb Nevus Syndrome (also known as Bean
Syndrome)(Bean, 1958). To date, more than 400
cases of BRBNS have been reported in the literature.
However, the exact etiology and pathogenesis of this
disorder remain incompletely understood.

Recent advances in molecular genetics have pro-
vided new insights into the etiology of BRBNS. Stud-
ies have suggested that BRBNS may be closely as-
sociated with mutations in the TEK gene (also known
as the TIE2 gene) (Nobuhara et al., 2006). Mutations
in the TEK gene can lead to abnormal proliferation
and migration of vascular endothelial cells, ultimately
resulting in vascular malformations. Additionally, up-
regulation of c-kit expression has been observed in
some BRBNS patients. Researchers hypothesize that
c-kit plays a pivotal role in the pathogenesis of BRB-
NS, and specific inhibitors of c-kit may provide a nov-
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el targeted therapeutic approach for the treatment of
this disease (Mogler et al., 2010).

The majority of BRBNS cases are sporadic, with
no family history of the disease. However, in rare
cases, family-based studies have revealed a potential
association between mutations on the short arm of
chromosome 9 (9p) and BRBNS, suggesting that it
may exhibit characteristics of autosomal dominant
inheritance (Gallione et al., 1995). This finding implies
that BRBNS may have a genetic predisposition in
certain families, but large-scale genome-wide associ-
ation studies (GWAS) have yet to identify specific
pathogenic genes.

Research on the pathogenesis of BRBNS is ongo-
ing, and the potential role of genetic-epigenetic inter-
actions is drawing increasing attention. Whether sig-
naling pathways associated with the TEK gene and c-
kit (such as the PI3K-Akt pathway) play a key role in
the pathogenesis of BRBNS remains to be elucidat-
ed. Furthermore, the potential role of external envi-
ronmental factors and molecular epigenetic modifica-
tions in the onset and progression of BRBNS is an-
other area of interest. Future studies on these mech-
anisms may offer new insights into disease develop-
ment and therapeutic strategies.

3.2. Clinical Manifestations

The clinical manifestations of Blue Rubber Bleb
Nevus Syndrome (BRBNS) are diverse, with the most
prominent features being vascular malformations of
the skin and gastrointestinal tract. According to a sta-
tistical analysis of 106 BRBNS cases reported by RI-
MONDI A et al., 57.5% of patients develop symptoms
before the age of 18 (Rimondi et al., 2024). The two
cases reported in this study, involving a 3-month-old
infant and a 14-year-old adolescent, are consistent
with these findings.

BRBNS-related cutaneous lesions typically
present as multiple bluish-purple, rubber-like blebs
distributed across the body. These lesions are soft
and compressible, and upon compression, they flat-
ten temporarily but rebound quickly after pressure is
released (Chen et al., 2022). While the cutaneous
lesions of BRBNS generally do not cause bleeding or
other life-threatening conditions, and no reports of
malignant transformation have been published to
date, these lesions can affect a patient’s appearance,
leading many patients to seek medical attention for
cosmetic reasons.
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A retrospective study by RIMONDI A et al. reported
that more than 50% of patients with BRBNS under-
went multiple treatments during the disease course
(Rimondi et al., 2024), reflecting the long-term treat-
ment needs associated with this condition.

BRBNS-related gastrointestinal (Gl) lesions are
most frequently observed in the stomach and in-
testines, where they appear as multiple vascular mal-
formations. The primary clinical manifestation is re-
current gastrointestinal bleeding, which is also a ma-
jor cause of anemia in these patients. Other symp-
toms include abdominal pain and discomfort (da Fon-
seca et al., 2009). Due to the extensive distribution of
vascular malformations in the gastrointestinal tract,
some patients may experience acute complications
such as intussusception, volvulus, or bowel infarction
(Wang et al., 2014).1t is worth noting that mild symp-
toms, such as mild anemia or positive fecal occult
blood test (FOBT), often go unnoticed by patients or
their families. This can lead to delays in diagnosis
and treatment, particularly in patients without obvious
gastrointestinal bleeding.

In addition to the skin and gastrointestinal tract,
BRBNS can also affect multiple organs and systems,
including the liver, spleen, heart, eyes, and central
nervous system (CNS) (R et al., 2014).When the
CNS is involved, patients may present with
headaches (R et al., 2014), seizures [14], or even in-
tracranial hemorrhage (G et al., 2010), which are se-
rious and potentially life-threatening complications.

Other uncommon systemic manifestations include
pain (5%) and localized hyperhidrosis (2%) (Mc-
Carthy et al., 1982). When the disease affects the
joints, patients may develop movement disorders or,
in severe cases, joint deformities, which can signifi-
cantly impact their quality of life (McCarthy et al.,
1982).

The histopathological features of BRBNS lesions
are typically consistent with venous malformations
and cavernous venous dilation. Under the micro-
scope, the affected areas show a simple layer of en-
dothelial cells lining a thin layer of smooth muscle
cells (Hasosah et al., 2010). This distinctive
histopathological profile provides important clues for
disease identification and diagnosis.

The diagnosis of BRBNS relies on a combination
of physical examination and gastrointestinal en-
doscopy. The presence of typical cutaneous lesions is
often sufficient to raise clinical suspicion. Gastroin-
testinal endoscopy can reveal characteristic vascular
malformations in the gastrointestinal tract, confirming
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the diagnosis.In most cases, biopsy for diagnostic
purposes is not necessary, as the combined evidence
from clinical presentation and endoscopic findings is
sufficient for diagnosis (Atten et al., 2000).

3.3. Clinical Diagnosis

The diagnosis of Blue Rubber Bleb Nevus Syn-
drome (BRBNS) primarily relies on clinical examina-
tion, especially the identification of characteristic le-
sions in the skin, oral cavity, and gastrointestinal
tract. The typical bluish-purple, rubber-like blebs on
the skin often serve as early diagnostic clues for
BRBNS. Lesions in the oral and maxillofacial regions
also provide additional diagnostic support, especially
in patients with facial abnormalities or oral ulcers.

Endoscopy is considered the gold standard for
both the diagnosis and treatment of
BRBNS(Nishiyama et al., 2012), particularly for the
evaluation and management of gastrointestinal vas-
cular malformations. Among the available endoscopic
methods, capsule endoscopy (CE) has become an
effective tool for evaluating small intestinal lesions
due to its non-invasiveness, good patient tolerance,
and high acceptance rate (Barlas et al., 2008; Kas-
sarjian et al., 2003; Kopacova et al., 2007).

Compared with balloon-assisted enteroscopy
(BAE), capsule endoscopy is simpler to operate and
more acceptable to patients, especially for children
and those who are unable to tolerate conventional
endoscopy.Endoscopic examination not only plays a
role in diagnosis but also facilitates endoscopic he-
mostasis and lesion resection. For instance, in cases
of bleeding from the terminal ileum, endoscopic he-
mostasis can significantly improve the patient's prog-
nosis.

In the initial screening for BRBNS, the fecal occult
blood test (FOBT) serves as a simple and cost-effec-
tive screening tool, particularly for patients without
obvious signs of gastrointestinal bleeding. The FOBT
can detect occult gastrointestinal bleeding, even
when the volume of blood loss is small.Given that re-
current gastrointestinal bleeding is one of the major
clinical manifestations of BRBNS, a positive FOBT
result is often an important early clue for diagnosing
the disease. Therefore, for patients with chronic
anemia or a history of gastrointestinal bleeding,
FOBT should be considered a routine screening test.

Imaging examinations play a crucial role in localiz-
ing lesions and assessing the extent of disease in
patients with BRBNS.Computed Tomography (CT)
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scans provide clear visualization of lesions in the gas-
trointestinal tract and abdominal solid organs, such
as multiple hepatic hemangiomas. CT is also useful
for assessing the number, size, and distribution of
lesions (Agnese et al., 2010). Furthermore, CT scans
play an important role in the detection of acute com-
plications, such as intussusception, volvulus, and
bowel infarction, which may require immediate med-
ical intervention.

Compared with CT, Magnetic Resonance Imaging
(MRI) has higher soft-tissue resolution, making it
more effective for the detailed assessment of soft-tis-
sue lesions. MRI is particularly useful in the evalua-
tion of lesions in the central nervous system (CNS)
and in determining the extent and depth of vascular
abnormalities. For the liver, spleen, and other
parenchymal organs, MRI has a higher sensitivity
than CT (Certo et al., 2007). This makes MRI a valu-
able tool for identifying small or subtle lesions that
may be missed on CT scans.

3.4. Clinical Treatment

Currently, there is no unified, systematic treatment
guideline for Blue Rubber Bleb Nevus Syndrome
(BRBNS). Clinical treatment strategies are primarily
based on the patient's clinical presentation and spe-
cific symptoms, employing an individualized, symp-
tom-targeted approach. Oral and cutaneous lesions
generally do not require special treatment; however, if
lesions affect aesthetics or local function, local treat-
ments such as sclerotherapy, laser therapy, or surgi-
cal resection may be considered (Dwivedi & Misra,
2002).

For oral and cutaneous BRBNS lesions, the prima-
ry treatment goals are to restore appearance and lo-
cal function. The injection of bleomycin, polidocanol,
or absolute ethanol into the lesion can induce local
fibrosis and vascular occlusion, leading to lesion
shrinkage or regression (Dwivedi & Misra, 2002).
Pulsed dye laser (PDL) or Nd:YAG laser can reduce
the size of cutaneous lesions, thereby improving ap-
pearance. For localized or recurrent lesions, surgical
resection is a direct and effective treatment. However,
surgery carries a higher risk of trauma, and there is a
possibility of lesion recurrence after the procedure.

The treatment of gastrointestinal (Gl) lesions de-
pends on the number, size, shape, location, and
bleeding status of the vascular malformations. Treat-
ment strategies generally include endoscopic, inter-
ventional, and surgical approaches. In this study,
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Case 1 underwent an “endoscopic hemostasis pro-
cedure for gastrointestinal bleeding,” which achieved
satisfactory hemostatic results. This method plays a
crucial role in controlling acute Gl bleeding. Injection
of absolute ethanol or polidocanol into the lesion un-
der endoscopy can occlude abnormal blood vessels,
achieving hemostasis (Dieckmann et al., 1994). High-
frequency electrocoagulation or laser energy can di-
rectly seal abnormal blood vessels, making it particu-
larly suitable for diffuse lesions and small vascular
abnormalities. Embolization therapy involves the in-
jection of embolic agents (e.g., gelatin sponge or mi-
croparticle embolic agents) into the affected vessels
via an interventional catheter, enabling precise occlu-
sion of blood supply to the lesion (Jin et al., 2014).
Embolization therapy serves as a supplementary
method for endoscopic treatment, especially for se-
vere Gl bleeding from deep small bowel lesions.

Surgical treatment is typically a last-resort option,
mainly used for cases where endoscopic and inter-
ventional therapies are ineffective. Indications for
surgery include localized lesions, such as focal le-
sions in the stomach or small intestine; massive Gl
bleeding that is unresponsive to endoscopic treat-
ment; and acute complications such as bowel is-
chemia, intussusception, and intestinal infarction
(Choi et al., 2012). However, surgery is associated
with higher trauma and recurrence rates, so the risks
and benefits must be weighed carefully. Endoscopic
or interventional therapy is generally preferred, and
surgery is reserved for life-threatening situations.

The goal of pharmacological treatment is to control
Gl bleeding and disease progression by reducing en-
dothelial cell proliferation and angiogenesis. Com-
monly used drugs include Glucocorticoids: Pred-
nisone can inhibit inflammation and endothelial cell
proliferation, providing temporary symptom relief for
certain patients (Dieckmann et al., 1994).

Interferon-a: This agent modulates immune re-
sponses and inhibits angiogenesis, showing efficacy
in some refractory cases, but its adverse effects are
significant.

Vincristine: As an anti-mitotic agent, it reduces en-
dothelial cell proliferation. However, its clinical use is
limited by adverse effects such as bone marrow sup-
pression (Aihara et al., 1991).

Octreotide: As a somatostatin analog, it reduces
visceral blood flow, thereby decreasing the frequency
of Gl bleeding (Boente et al., 1999).

In recent years, sirolimus (rapamycin) has
emerged as a breakthrough drug for BRBNS treat-
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ment. Sirolimus, an mTOR pathway inhibitor, reduces
venous malformation size and controls Gl bleeding by
inhibiting endothelial cell proliferation and angiogene-
sis (Gonzalez-Magafa et al., 2024; Pi et al., 2023).

According to a retrospective study by Quan Xu et
al. on 26 BRBNS patients treated with sirolimus, all
patients experienced significant clinical improvement,
with no severe drug-related adverse reactions. The
adverse effects of sirolimus are relatively mild, mainly
including oral ulcers, rashes, and mild liver function
impairment. Its high safety profile and good patient
compliance make it a promising option for children
and refractory cases.

With the advancement of pharmacological and in-
terventional therapies, multidisciplinary individualized
treatment (MDT) has become the standard treatment
strategy for BRBNS. MDT treatment plans can be
customized based on the severity of the patient's
symptoms, lesion location, and treatment risk. For Gl
lesions, endoscopic treatments (e.g., hemostasis,
laser coagulation) are generally the first-line options.
When multiple endoscopic treatments fail, interven-
tional therapy or surgical treatment may be consid-
ered.

4, Conclusion

As the starting point of the digestive tract, oral in-
volvement in Blue Rubber Bleb Nevus Syndrome
(BRBNS) accounts for up to 55.9% of cases (Kozai &
Nishimura, 2023). However, due to insufficient
awareness of this disease among oral clinicians, de-
tailed auxiliary examinations are often overlooked,
leading to missed or incorrect diagnoses. This delay
in diagnosis hampers early detection, timely treat-
ment, and prognosis improvement, while also in-
creasing the risk of emergency medical events.

Although BRBNS is a rare disorder, patients face
an ongoing risk of life-threatening gastrointestinal (Gl)
bleeding and cerebral hemorrhage. For patients pre-
senting with multiple vascular malformations across
the body or a history of multiple vascular malforma-
tion treatments, physicians should maintain a high
degree of vigilance. A detailed medical history should
be obtained, especially focusing on symptoms of gas-
trointestinal bleeding and a history of anemia. In such
cases, routine blood tests and fecal occult blood tests
should be conducted to assess for the presence of
anemia or Gl bleeding. If clear indications of anemia
or Gl bleeding are identified, further diagnostic imag-
ing, including gastrointestinal endoscopy, abdominal
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and cranial CT scans, and abdominal ultrasound,
should be performed to determine the presence of
vascular malformations in other systems.

Once a diagnosis of BRBNS is confirmed, a multi-
disciplinary team (MDT) consultation involving spe-
cialists from gastroenterology, pediatric surgery,
pathology, and vascular anomaly units should be
convened. This collaborative approach aims to de-
velop an individualized treatment strategy. If neces-
sary, the patient should be referred to a specialized
department, such as gastroenterology or vascular
anomaly centers, for further treatment. Early detec-
tion and timely intervention for vascular malforma-
tions in the gastrointestinal system, nervous system,
or other organs can alleviate patient suffering, reduce
the occurrence of emergency medical events, and
improve both prognosis and quality of life.

Oral and maxillofacial surgeons often encounter
patients with vascular malformations or masses in the
head, neck, and oral cavity. It is essential to differen-
tiate BRBNS from other syndromes associated with
vascular malformations, including Osler-Weber-Ren-
du syndrome (hereditary hemorrhagic telangiectasia,
HHT), Klippel-Trenaunay syndrome, and Maffucci
syndrome (Choi et al., 2012; Marin-Manzano et al.,
2010). While these conditions share the feature of
vascular anomalies, they present distinct clinical
manifestations and diagnostic criteria.

Osler-Weber-Rendu syndrome (HHT) is character-
ized by punctate hemorrhagic telangiectasia, recur-
rent epistaxis, and capillary dilatation, often with a
positive family history (Gallo & McClave, 1992;
Shovlin et al., 2000).Maffucci syndrome typically
presents with diffuse vascular malformations of the
skin and soft tissues, skeletal deformities, and en-
chondromas (Sakurane et al., 1967; Shepherd et al.,
2005).Klippel-Trenaunay-Weber syndrome is primari-
ly characterized by venous varicosities, soft tissue
and bone hypertrophy, and limb enlargement (Ar-
guedas et al., 2001).

In summary, the hallmark clinical features of BRB-
NS include multiple vascular malformations of the
skin and oral cavity, as well as gastrointestinal bleed-
ing, which frequently results in iron deficiency anemia
(IDA). To date, there is no universally accepted sys-
tematic treatment guideline for BRBNS. This study
aims to raise awareness of BRBNS among oral clini-
cians to prevent misdiagnosis and missed diagnoses.
Based on the analysis of this case, clinicians should
consider the possibility of BRBNS when patients
present with multiple vascular malformations in the
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maxillofacial region and other parts of the body, es-
pecially if they have a positive fecal occult blood test
or a history of anemia. Early diagnosis and timely in-
tervention are essential to prevent emergency med-
ical events, improve prognosis, and enhance patients'
quality of life.
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