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Kawasaki disease (KD) is a systemic vasculitis that primarily affects children under the

age of 5 years old and is among the most common acquired heart disease in developed

countries, particularly in Asia. No effective treatment is currently available for aneurysm

formation in KD. In this report, we showed a KD patient with an aneurysm over the right

coronary artery with a size of 6.08mm in diameter and 35mm in length, which completely

regressed to within normal range after hydrogen inhalation within 4 months after disease

onset. This 10-year-old KD patient was diagnosed on the 12th day of disease onset with

incomplete presentation of KD symptoms. Intravenous immunoglobulin was prescribed

after KD diagnosis was confirmed by the formation of a coronary artery aneurysm. Once

discharged from the hospital, the family used hydrogen inhalation (77% hydrogen and

23% oxygen) at home with nasal cannula 1 h per day. The aneurysm was found to be

completely regressed at the 4-month follow-up (day 138 of the illness). The follow-up

laboratory data showed complete blood cell count, differential count, electrolytes, liver

enzyme, and renal function to all be within normal range. This is the first study to report

an aneurysm from KD with regression under supplementary therapy with hydrogen gas

inhalation and no other complications. Therefore, hydrogen gas inhalation may be an

alternative anti-free radical or anti-oxidant therapy for KD, but further study is still required.

Keywords: Kawasaki disease, hydrogen gas, inhalation, aneurysm, regression

INTRODUCTION

Kawasaki disease (KD) is the most common acquired heart disease among children in many
countries, especially Asian ones. This acute febrile systemic vasculitis was first reported by
Dr. Tomisaku Kawasaki in 1967 in Japanese and 1974 in English (1). Initially referred to as
mucocutaneous lymph node syndrome (MCLS), it was later renamed Kawasaki Disease (KD) or
Kawasaki syndrome after Dr. Kawasaki (1925–2020) in memory of his contribution. KD mainly
affects young children under the age of 5 years old, especially those of Asian descent in Japan,
Korea, China, and Taiwan. Currently, the etiology of KD remains unknown (2–4), but both genetic
background and environmental impacts have been shown to be important for disease susceptibility.
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FIGURE 1 | Aneurysm formation over middle right coronary artery (RCA) with a diameter of 2.9mm near the ostia, gradual dilation to maximum diameter of 6.08mm

near the middle 1/3 of RCA with length of 3.5 cm and distal RCA diameter of 3.11mm (posterior AV groove) (A). (B–D) showed Left coronary artery (LCA), Left

anterior descending artery (LAD) and Left circumflex coronary artery (LCX). (B) Left coronary artery (LCA): 2.24mm (Z-score: −0.57) in diameter. (C) Left anterior

descending artery (LAD): 2.17mm (Z-score: +0.46) in diameter. (D) Left circumflex coronary artery (LCX): 1.7mm in diameter.

Aneurysm formation is considered the most severe
complication of KD survivors since IVIG treatment was
introduced in 1983. According to the American Heart
Association (AHA) statement for 2017, a large or giant aneurysm
(> 8mm in diameter) does not “resolve,” “regress,” or “remodel.”
Friedman et al. (5) reported a total of 2,860 KD patients and
found that 17% had aneurysm; the probability of regression
of a moderate size aneurysm was 0.3 at 4 months after disease
onset and 0.5 at 24 months. Kato et al. (6) reported outcomes in
598 KD patients and found that aneurysms were diagnosed in
25%, with 49% reducing to a normal luminal dimension 6 to 18
months later.

According to the standard treatment for KD suggested by
AHA, no effective anti-inflammatory treatment for aneurysm
formation is available after the acute stage. When a KD
patient with aneurysm formation after acute stage treatment,
antiplatelet or anticoagulation medication is most likely to
be prescribed. However, no treatment is available for the

inflammation of vasculitis. Nevertheless, considerable evidence
has shown ongoing inflammation in the coronary artery of KD.
Serological evidence of ongoing systemic inflammation has been
noted in those patients with persistent aneurysms, with higher
levels of serum amyloid A and interleukin-6, high sensitivity
C-reactive protein, hypermethylation of FcγR2B in leukocytes,
and imaging evidence by PET scanning (7). Additional anti-
inflammation treatment may be needed for KD patients with
aneurysm formation. In this study, we reported on a KD patient
with regressed moderate aneurysm formation after hydrogen gas
inhalation and reviewed the revelant literature.

CASE

A previously healthy 10-year-old Taiwanese boy presenting with
a high fever for 12 days was admitted to another hospital
in year 2019. Prior to admission to our hospital, he showed
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bilateral conjunctival injection, erythema of the lips and neck,
and lymphadenopathy. No BCG site induration was observed,
nor was skin rash or limbs induration found. After the
patient was admitted to our pediatric ward, the laboratory
analysis revealed evidence of mild leukocytosis (10,600/µl),
thrombocytosis (557,000/µl), and high C-reactive protein (CRP)
(132.22 mg/L), without acute liver or kidney injury. A two-
dimensional echocardiography on day 1 of admission (day 12 of
illness) revealed a 4.12mm aneurysm (BSA-adjusted Z score =

3.17) of the right coronary artery (RCA) with general dilatation
of the RCA and LCA. High-dose intravenous immunoglobulin
(IVIG, 2 g/kg) infusion was prescribed during admission (day
12 of illness). After being discharged, the RCA still progressed
to a mid-sized aneurysm 6.08mm (Z score: 4.85) in diameter
and 35mm in length (day 20 of illness) (Figure 1). Parents
were directed to give hydrogen gas inhalation at least 1 h per
day for the patient (77% hydrogen with 23% oxygen, 70∼75
liter/hour) at home by themselves until aneurysm regression. The
follow-up echocardiography showed regression in the aneurysm,
which was then 5.37mm in diameter and 12mm in length
of RCA (day 34 of illness) and 4.56mm × 8.68mm (day 48
of illness), then 4.16mm (day 62 of illness). The mid-sized
aneurysm regressed to within normal range with 2.91mm in
diameter (Z score = 1.46) on day 138 of illness (Figure 2). The
following laboratory data showed normal liver enzyme (aspartate
aminotransferase/ alanine aminotransferase: 24/17 U/L), renal
function (blood urine nitrogen/creatinine: 18.0/0.52 mg/dl,
estimated glomerular filtration rate: >60 ml/min), total white
blood cell count: 11,800/ul (leukocytosis), hemoglobin: 14.2 g/dl,
platelet: 258,000/ul, segment: 67%, lymphocyte: 26%, monocyte:
5%, eosinophil: 0%, basophil: 0%, sodium: 143mEq/L, potassium:
3.7 mEq/L, chloride: 107mEq/L, albumin: 4.6 g/dl, calcium: 9.7
mg/dl, eosinophil cationic protein: <2.0 microgram/L and total
immunoglobulin E: 107 KU/L. The laboratory data from acute
and chronic stage (after hydrogen gas inhalation) were showed
in Table 1. We reported on this case using a medical chart
review retrospective, and the institutional review board (IRB)
of Chang Gung Memorial Hospital approved this study (IRB
No.: 201900827B0).

DISCUSSION AND REVIEW

Coronary artery aneurysm formation is the most severe
complication of KD and may have life-long implications.
Currently, no effective treatment is available for KD patients with
aneurysm formation after the acute stage of IVIG treatment, and
it is evenworse when the patient has a progressed aneurysm.Only
antiplatelet and anticoagulant medications are prescribed for KD
patients with aneurysm formation, and these agents had no effect
on anti-inflammation for coronary vasculitis. Additional anti-
inflammatory agents, including steroids, tumor necrosis factor
blocker, and immunomodulatory agent have been suggested for
KD patients with IVIG resistance in the acute stage during
admission at the hospital. However, these anti-inflammatory
agents have not been prescribed for KD patients with an already
formed coronary aneurysm.

FIGURE 2 | Normal inner diameter and origin of coronary arteries; regressed

right coronary artery with a diameter of 2.91mm (A) and normal left coronary

artery (LCA) (B). (B) Left coronary artery (LCA): 2.82mm (Z score = +0.4) in

diameter.

Wang et al. reported that nitric oxide (NO)-mediated
inflammatory responses play a very important role in the
pathogenesis of coronary artery lesions of KD (8). Yahata
et al. (9) reported that inflammation and oxidative stress
are closely related to a variety of diseases. Oxidative stress
plays an important role in the pathology of KD and even
multi-systemic inflammatory syndrome (MIS-C) (10, 11). The
excessive production of reactive oxygen species (ROS) increases
oxidative stress, which triggers an endless and vicious cycle of
inflammation reactions and ROS metabolites. Oxidative stress
has been shown to have an important role in the development
of arteriosclerosis of KD patients and is strongly associated
with endothelial dysfunction in early childhood patients with
KD (12). Furthermore, simultaneous oxidative and nitrative
stress occurrences in KD patients may lead to cardiovascular
complications (13). IVIG treatment in KD can effectively reduce
oxidative stress that provokes vasculitis. The urinary level of
8-iso-prostaglandin F2alpha (8-iso-PG) is a useful marker of the

Frontiers in Cardiovascular Medicine | www.frontiersin.org 3 May 2022 | Volume 9 | Article 8956277

https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles


Kuo Hydrogen Gas Inhalation in Kawasaki Disease

TABLE 1 | Laboratory data from acute stage and chronic stage (after hydrogen

gas inhalation) of Kawasaki disease.

Laboratory data First day

of admission (day 12

of illness)

Followed-up (day

138 of illness)

White blood cell count (/ul) 10,600 11,800*

Hemoglobin (g/dl) 11.6* 14.2

Platelet (/ul) 557,000* 258,000

Segment (%) 67.2 67

Lymphocyte (%) 22.5 26

Monocyte (%) 8.2 5

Eosinophil (%) 1.6 0

Basophil (%) 0.5 0

Aspartate aminotransferase

(U/L)

25 24

Alanine aminotransferase

(U/L)

27 17

Blood urine nitrogen (BUN)

(mg/dl)

10.0 18.0

Blood creatinine (mg/dl) 0.63 0.52

Estimated glomerular

filtration rate (ml/min)

>60 >60

Sodium (mEq/L) 139 143

Potassium (mEq/L) 3.9 3.7

Chloride (mEq/L) 102 107

Albumin (g/dl) 3.69 4.6

C-reactive protein (mg/L) 132.22* <5

*indicate data not within normal range.

effectiveness of IVIG on oxidative stress of KD (14). The risk
factors for the development of atherosclerosis in adults, such
as CRP, oxidative stress, and inflammatory cytokines are also
increased in both the remote phase of KD and the acute stage
(15). Taken altogether, oxidative stress and nitrative stress play
important roles in the pathogenesis of vasculitis and coronary
artery lesions of KD.

Ohsawa et al. (16) reported that hydrogen gas, an inert gas,
is an effective antioxidant that contributes to the regulation
of oxidative stress and inflammation response. Their study
demonstrated that H2 reduced oxidants of the detrimental ROS,
thus protecting against oxidant-induced cell injury. Hydrogen
gas inhalation has been reported to decrease the levels of
inflammatory cytokines including TNF-α, IL-1β, IL-6, and
hypoxia-inducible factor 1 alpha (17), which were found to be
elevated in KD and even higher in KD with CAL formation.

Long et al. reported that hydrogen gas had protective effects
in a rat model of branch retinal vein occlusion via decreasing
Vascular endothelial growth factor (VEGF)-α expression (18).
Local VEGF-α and its signaling pathway are associated with
the development of LCWE-induced CAL in mice model of KD
(19). Zhang et al. also reported that post-conditioning with
hydrogen gas ameliorated subarachnoid hemorrhage (SAH)-
induced, which is predominantly caused by a ruptured aneurysm,
neuronal pyroptosis in part through the mitochondrial ATP-
sensitive K+ channels/ERK1/2/p38 MAPK signaling pathway
(20). These evidences support that hydrogen gas may be effective
on rupture or occlusion of vasculitis associated with KD. Cole
et al. showed that inhalation of hydrogen gas does not appear
to cause clinically significant adverse effects in healthy adults.
Although these data suggest that inhaled hydrogen gas may
be well tolerated, future studies need to be powered to further
evaluate safety especial in children (21).

Altogether, oxidative stress and inflammatory cytokines that
were elevated in KD and CAL formation may benefit from
hydrogen gas inhalation. The correlation between aneurysm
regression and suppression of inflammatory cytokines after
hydrogen gas inhalation in KD also need future investigation.
After performing the literature review, we determined that
we retrospectively reported the first case of a KD patient
with coronary aneurysm formation to regress after hydrogen
gas inhalation.
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Background: Erdheim-Chester disease (ECD) is a rare disease that affects multiple
systems and is characterized by non-Langerhans cell histiocytosis. Classic clinical signs
include long bone infiltration, central nervous system involvement, diabetes insipidus,
and sheathing of the entire aorta. However, thrombosis is not recognized as a typical
cardiac manifestation of ECD. Here, we report the case of an ECD patient with extensive
arterial thrombus formation and embolism in several sections of the aorta.

Case: A 36-year-old woman was admitted due to recurrent fever and left finger
cyanosis for 20 days. Laboratory tests revealed that her C-reactive protein and
interleukin-6 levels were significantly elevated. Thoracic computed tomographic
angiography (CTA) revealed thrombosis from the aortic arch to the left subclavian
artery accompanied by severe stenosis of the left subclavian artery. Abdominal CTA
revealed splenic infarction due to splenic artery embolism and thrombus formation in
multiple abdominal arteries. She underwent emergent arterial thrombectomy. During
hospitalization, she complained of polyuria. The desmopressin test and pituitary
magnetic resonance imaging findings suggested diabetes insipidus. Furthermore,
positron emission tomography-computed tomography and bone emission computed
tomography showed long bone impairment, and pathological examination of the bone
samples confirmed ECD. Steroids and tocilizumab were selected as the initial therapies;
however, thrombosis continued to develop. After replacement of tocilizumab with
interferon-α, her condition became stable.

Conclusion: Although extremely rare, fatal thrombosis may be a significant
cardiovascular manifestation of ECD.

Keywords: aortic thromboembolism, Erdheim-Chester disease, non-Langerhans cell histiocytosis, splenic
infarction, lipogranulomatosis

INTRODUCTION

Erdheim-Chester disease (ECD) is a rare disease that refers to a series of clinical manifestations
caused by non-Langerhans cell histiocytosis. Since it was first described by anatomopathologist
Erdheim and his student Chester in 1930, no more than 2,000 cases have been reported worldwide.

ECD can lead to fatal outcomes, especially when it affects multiple systems. The main clinical
signs include bone impairment (79%), diabetes insipidus (48%), coated aorta (40%), and hairy
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kidney appearance on computed tomography (CT) scan (63%)
(1). Only one case was reported wherein ECD was associated with
arterial thromboembolism (2).

Herein, we report a rare case, in which the patient was
diagnosed with ECD following extensive aortic thrombosis and
splenic infarction.

CASE DESCRIPTION

A 36-year-old woman was admitted due to recurrent fever and
left finger cyanosis for 20 days. She had undergone a cesarean
section 26 days prior. The patient also complained of abdominal
pain and nausea. Body temperature was 38.3◦C, and other vital
signs were stable. Physical examination showed that the fingers
of her left hand were pale and her skin temperature was much
lower than that on the right side. A murmur in the left subclavian
artery was auscultated.

DIAGNOSTIC ASSESSMENT AND
THERAPEUTIC INTERVENTION

Diagnostic Assessment
Routine blood test showed a white blood cell (WBC) count of
12.7 × 109/L, C-reactive protein (CRP) level of 60.2 mg/L,
and erythrocyte sedimentation rate (ESR) of 36 mm/h.
Blood biochemistry was within the normal range, and
serological examinations, including autoimmune antibodies
and antiphospholipid antibodies, were negative. CTA of the
thoracic and abdominal aorta showed thrombosis starting from
the aortic arch to the left subclavian artery, accompanied by
severe stenosis of the left subclavian artery, diffuse splenic
infarction due to embolism of the splenic artery, and thrombosis
in several arteries, including the common hepatic artery,
left common iliac artery, and proximal to the femoral artery
(Figure 1). The patient was diagnosed with extensive arterial
embolism secondary to unknown reasons and presented a risk
of thrombus drop, which would lead to embolism in other vital
organs. Therefore, emergent catheter-based arteriography and
thrombectomy in the left subclavian artery was performed, while
balloon block in the superior mesenteric and renal arteries was
adopted to prevent thrombus drop.

Surgery was successful; however, the patient’s fever persisted.
Laboratory examinations revealed elevated levels of blood CRP at
108 mg/L, serum sodium at 163 mmol/L, and serum interleukin-
6 (IL-6) at 198.69 pg/mL. The blood culture results were
negative. She also complained of thirst and polyuria, and
her urine volume collected for 24 h was 7,000 mL. Pituitary
enhanced magnetic resonance imaging (MRI) revealed nodular
thickening of the pituitary stalk (Supplementary Figure 1)
and the desmopressin test result was positive, which were
supportive of a diagnosis of diabetes insipidus. Sex hormones
were assessed, and the levels of follicle-stimulating hormone
and luteinizing hormone were found to be extremely low,
suggesting anterior pituitary hypofunction. Positron emission
tomography (PET)-CT suggested inflammatory-reactive changes
in superficial lymph nodes, slight interstitial pneumonia, and

most importantly, multiple bone changes in the scanned area.
For further confirmation, bone emission computed tomography
(ECT), knee CT, and knee MRI were performed, which showed
diffuse bone infiltration in bilateral distal femurs and proximal
tibias (Supplementary Figures 2A–C).

A multidisciplinary discussion was conducted, and
considering the pituitary lesion and the long bone infiltration,
the diagnosis of ECD was proposed. Further examination was
performed. Brain enhanced MRI revealed thickening of cerebral
falx, which is a typical change in ECD (Supplementary Figure 3),
while the cardiac MRI examination did not show a coated aorta.
Bone puncture was finally approved, and the results showed
a large number of foamy cells surrounded by fibrosis and few
multinucleated giant cells (Figure 2). Immunohistochemistry
(IHC) revealed CK [−], CD68 [+], CD163 [+], Langerin [−],
CD1a [−], and S100 [+], in accordance with the changes in ECD.
In addition, a circulating BRAFV600E mutation was identified,
further confirming the diagnosis of ECD.

Therapeutic Intervention
Upon diagnosis, the following medications were administered:
methylprednisolone 40 mg intravenously twice a day,
rivaroxaban 20 mg and aspirin 100 mg orally every day as
anticoagulant therapy, and Minirin (desmopressin) 0.05 mg
orally three times a day to reduce the urine volume. Her body
temperature returned to normal immediately after treatment.
Because of the elevated IL-6 levels, we used tocilizumab
8 mg/kg to suppress the inflammatory state, and the dosage of
methylprednisolone was gradually reduced to 20 mg orally per
day as maintenance. A repeat blood test performed 1 week after
therapy showed normal WBC count, CRP, ESR, and IL-6 levels.

However, 1 month later, when the patient was admitted
for review, enhanced CT of the thoracic aorta showed fresh
thrombus formation in the brachiocephalic trunk (Figure 3A).
Laboratory tests showed that CRP was elevated at 28 mg/L,
although there were no symptoms according to the patient.
This CT finding suggested progression of the disease; therefore,
tocilizumab administration was discontinued and replaced by
interferon-α 60 µg via subcutaneous injection three times every
week. After 2 months of treatment, repeat CT scan showed
disappearance of the thrombus in the brachiocephalic trunk
(Figure 3B), and her vital signs and laboratory test results
returned to normal.

DISCUSSION

ECD is a rare disease first reported in 1930. The diagnosis
of ECD is based on typical clinical manifestations, radiological
findings, and histological results, excluding other mimics. In our
case, the patient had diabetes insipidus, long bone infiltration,
and meningeal thickening. Bone histopathology demonstrated
foamy histiocytes admixed with fibrosis, and IHC confirmed non-
Langerhans histiocytosis. Although the BRAFV600E mutation
was not detected in her bone sample, which may be attributed
to decalcification during sample preparation, the circulating
BRAFV600E mutation was identified. After specialist treatment,
the patient’s symptoms resolved, and the laboratory results
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FIGURE 1 | Enhanced computed tomography shows thrombus formation in several arteries (yellow arrows). (A) Thrombus at the aortic arch. (B) Thrombus crosses
to the left subclavian artery, leading to embolism of this artery. (C) Thrombus at the thoracic aorta. (D) Splenic infarction.

FIGURE 2 | Bone sample pathology and immunohistochemistry confirms the diagnosis of ECD. (A) Hematoxylin and eosin staining of the bone sample. (B) Foamy
cells surrounded by fibrosis (black arrows). (C) CD68 staining is positive. (D) CD1a staining is negative.
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FIGURE 3 | Enhanced thoracic computed tomography reveals fresh thrombus formation in the brachiocephalic trunk, which regressed after interferon-α treatment.
(A) Fresh thrombus in the brachiocephalic trunk (yellow arrow). (B) Regression of thrombus in a reviewed computed tomography after 2 months of interferon-α
treatment.

became normal. Collectively, these findings established the
diagnosis of ECD.

Among the clinical features of ECD, thrombosis is extremely
rare, with only one case reported. In our patient, extensive
thrombosis was observed in different sections of the aorta,
including the aortic arch, left subclavian artery, aorta ventralis,
common hepatic artery, and the splenic artery. It is regrettable
that we did not obtain the thrombus sample for physiological
examinations to elucidate the relationship of the thrombus
and ECD. Nevertheless, the onset of thrombosis formation
was in accordance with the activity of ECD verified by blood
tests, radiological findings, and pathological results. Other
possible causes of thrombosis, such as autoimmune diseases and
malignancies, were also excluded. Moreover, during the course,
the patient developed progression of thrombosis, accompanied
by an elevated CRP level; after changing her therapy to
interferon-α, the CRP levels returned to normal and neonatal
thrombosis disappeared. These findings suggested that in our
patient, thrombus formation was closely related to the activity
of ECD, and the treatment of ECD was also effective for treating
thrombosis, indirectly suggesting the possibility that thrombosis
was formed secondary to ECD.

ECD can result in fatal outcomes, and spontaneous regression
is rare. In a retrospective review, 10.1% of patients with ECD
had overlapping myeloid neoplasms (3). Therapeutic regimens
for ECD include immunosuppressive therapy (interferon-α, IL-
6 inhibitor, and IL-1 inhibitor), nucleoside analog (cladribine),
and targeted therapy (vemurafenib and cobimetinib). Interferon-
α is recognized as the best initial choice for ECDs (4). In
recent years, promising advances have demonstrated that BRAF
and MEK inhibitors have robust efficacy, especially in multi-
system and refractory ECD (5, 6). In mild cases, biological
agents, such as anakinra (7) tocilizumab (8), infliximab (9),
or steroids plus sirolimus (10) can be used. In our case, we
started treatment with steroids and tocilizumab; however, the
disease was not well controlled. After adjustment with interferon-
α, the patient achieved remission. With the advent of targeted
therapies, even severe manifestations of ECD have become a
chronic, rather than fatal, illness (11). In our patient, thrombosis
was the major and unusual manifestation. In the subsequent
follow-up examinations, despite the classical lesion of ECD, we
should especially consider thrombosis formation. If no further

fatal thrombus is formed after treatment, the longevity of the
patient may be optimistic. Given that interferon treatment is
relatively long-term and may have adverse effects, such as fatigue
and depression, targeted therapy may be attempted in the future.

PATIENT PERSPECTIVE

ECD is a rare but fatal disease; therefore, early and correct
diagnosis is important for improving patient outcomes.
According to reported cases and studies, thrombosis is not
recognized as a clinical feature of ECD. However, in our case,
extensive thrombosis and embolism of vital arteries produced
the main life-threatening symptoms of the patient. Although we
have no direct evidence on the relationship between thrombosis
and ECD, the patient’s symptoms resolved with interferon
therapy and her thrombosis has been stable. This case suggests
that the understanding of ECD is not comprehensive; fatal
thrombosis may be a significant cardiovascular manifestation
of ECD, and other clinical signs may emerge if we continue to
explore this condition.
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A case of rare pulmonary
sequestration complicated with
congenital heart disease treated
by arterial embolization and
atrial defect closure: A case
report and review of literature
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Jinfu Yang1*
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Pulmonary sequestration with congenital heart disease is a rare congenital

malformation. Herein, we report a 19-month-old toddler diagnosed with right

lower pulmonary sequestration, right pulmonary artery dysplasia, right lower

pulmonary venous ectopic drainage, and a right-sided heart with an atrial

septal defect. The pulmonary sequestration had a rare blood supply, such as

confluent arteries with the renal vessels draining into the hepatic veins. Arterial

embolization and atrial defect closure were used to treat the rare congenital

malformation with satisfactory results.

KEYWORDS

pulmonary sequestration, atrial septal defect, atrial septal occlusion, interventional
therapy, pulmonary vein drainage

Introduction

Pulmonary sequestration, categorized as intralobar or extralobar isolation, is a rare
congenital anomaly thought to arise from the accessory lung buds (1). The intralobar
lesion’s arterial supply typically arises from the thoracic aorta, while it’s venous drainage
via the pulmonary veins. On the other hand, the extralobar lesions drain (venous) via
the systemic circulation, including the azygos, hemiazygos, or vena cava (2). Notably,
extralobar sequestration, less common than intralobar sequestration, presents early
in life with respiratory distress or feeding difficulties, is often associated with other
congenital malformations, and accounts for 25% of reported cases.

In pulmonary sequestration, confluent arteries with the renal vessels draining into
the hepatic veins are extremely rare. Traditional treatments include surgical resection
and supplying artery ligation (3). Notwithstanding, transarterial embolization has since
been proposed (4). Some reports using supplying artery embolization to treat pulmonary
isolation have reported that the embolic lesions eventually become muscled or even
disappeared due to ischemia (5–7).
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Case report

A 19-month-old toddler was admitted to the hospital
following a heart murmur discovery. During the fetal period,
a routine prenatal color Doppler ultrasound examination
at a local hospital detected a congenital cardiac anomaly.
However, the examination results were lost by the patient’s
family. The patient had recurrent pneumonia after birth. After
admission, auscultation revealed a heart murmur and weak
breath sounds in the right lung. There was no other notable
clinical findings during physical examination and no medical,
family, and psychosocial history including genetic information
about cardiovascular disease. Cardiac ultrasound examination
showed: (i) a dextrorotatory heart; (ii) atrial septal defect (iii)
right inferior pulmonary venous drainage; (iv) right pulmonary
artery dysplasia; and (v) moderate pulmonary hypertension. The
patient was delivered at term with a birth weight of 3.5 kg.

Chest X-ray showed a large area of high density in the
lower right lung. Chest CT showed a 9 mm defect in the atrial
septum (Figure 1A), a significantly small right pulmonary artery
(∼5 mm) and a significantly small right superior pulmonary
vein (Figures 1B–D), a small and sparsely branched right lung,
and the venous of sequestration lung return to the hepatic vein
(Figure 2). Considering the patient’s young age and inability
to tolerate cardiac and pulmonary surgery, isolated pulmonary
embolism and atrial septal occlusion were performed under
general anesthesia. Digital subtraction angiography (DSA) and
CT 3D reconstruction (Supplementary Video) showed an
abnormal blood vessel branching from the right renal artery
opening (∼4 mm; Figures 3A–C), and arching toward the right
lower lung for blood supply. During the operation, nine coils of
equal size were applied to completely block the abnormal blood
supply to the right lower lung. Under transthoracic ultrasound
guidance, a 14 mm atrial septal occluder was placed through the
delivery sheath and ascertained to be adequately fixed, with no
residual shunt and intact valvular apparatus (Figure 3D).

The patient recovered well after the operation. Pulmonary
infection was controlled with no obvious abnormality
following blood examination. Three days postoperatively,
echocardiography showed that the occluder was well fixed
and there was no residual shunt. The patient had no special
discomfort and was discharged 4 days later. No adverse and
unanticipated events were indicated during the one-month
follow-up period, the patient was strongly advised to come
back to the hospital for echocardiography and chest CT
reexamination 6 months and 1 year after that.

Discussion

Pulmonary sequestration refers to the abnormal connection
of the lung tissue (part) to the trachea and bronchial tree,
with an abnormal vascular supply. Some studies have also
suggested that the sequestered lung is a congenital disorder

that results from the growth of parapulmonary buds during
development. This lung bud is pinched from the caudal
foregut, develops its blood supply, and remains independent
of the normal tracheobronchial tree (8). However, other
authors have suggested that intralobar sequestration can be
acquired via bronchial obstruction causing distal infection. It
thus stimulates angiogenesis, which utilizes the existing small
systemic arteries from the pulmonary ligaments to form a new
arterial supply (9).

The presented patient was diagnosed with right lower
pulmonary sequestration, right pulmonary artery dysplasia,
right lower pulmonary venous ectopic drainage, and a right-
sided heart with an atrial septal defect. Pulmonary sequestration
occurs in 0.15–6.6% of all pulmonary malformations. Two
types can be distinguished: intra-leaf (ILS) and extra-leaf
(ELS) isolation. With ILS, the abnormal lung tissue is located
within the normal lung and visceral pleura, with venous
drainage to the pulmonary veins. Its arterial supply is 73%
from the thoracic aorta, 20% from the abdominal aorta,
and 3.7% from the intercostal arteries. With ELS; however,
the mass is located outside the normal lung and within
its visceral pleura, with venous drainage to the systemic
venous system. Approximately 80% of its arterial supply
comes from the thoracic or abdominal aorta, while 15%
arises from the subclavian artery, brachiocephalic, spleen,
stomach, and intercostal arteries, and 5% from the pulmonary
artery (10). In the present case, the arterial supply arose
from a confluent right renal artery (Figure 4A), while the
venous drainage was to the hepatic vein (Figure 4B), a
form of blood supply and drainage that has never been
reported.

Extra-leaf (ELS) patients are often accompanied by
acute respiratory distress or feeding difficulties after birth.
Approximately 60% of children with ELS have congenital
malformations, including diaphragmatic hernia, congenital
heart disease, elbow syndrome, congenital cyst-adenomatoid
malformation (CCAM), or pulmonary dysplasia (11). In the
case herein, the patient was born with recurrent episodes of
pneumonia and concomitant atrial septal defect.

Traditional treatment is with surgical excision (3).
Currently, less invasive endovascular treatments have been
reported to prevent complications (12). Platinum coils
and polyvinyl alcohol granules are the most frequently
used in transcatheter vascular embolization (13). Also,
hybrid surgery has been performed for patients with
large lung disease and multiple or large feeding arteries
or aneurysmal abnormal arteries (14–17). Patients with
larger feeding arteries may be at high risk for incomplete
embolism, which may require reoperation due to
recanalization and symptom recurrence as described in
our previous work (18–21). In the present case, the patients
feeding artery opening was 4 mm, and the possibility of
incomplete embolization was low. Nine platinum coils were
placed.
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FIGURE 1

Contrast-enhanced CT of the chest and three-dimensional cardiac computed tomography angiography: (A) Atrial septal defect location,
∼9 mm in size (blue arrow). (B–D) The right pulmonary artery (red arrow) and right superior pulmonary vein are hypoplastic (white arrow). LA,
left atrium; LPA, left pulmonary artery; LPV, left pulmonary vein; LV, left ventricle; RA, right atrium; RPA, right pulmonary artery; RSPV, right
superior pulmonary vein; RV, right ventricle.

FIGURE 2

Contrast-enhanced CT of the chest: contrast-enhanced CT shows the isolated pulmonary venous draining (red arrow) into the hepatic vein
(blue arrow).

Notably, patients reported having received endovascular
therapy recovered better, faster, and had lower complication
rates. Given that the abnormal lung parenchyma has not been
resected, recurrent hemoptysis and secondary pulmonary

infection are the primary complications. Other complications
include chest pain and low-grade fever, which might be
due to pulmonary infarction after embolization. The patient
experienced no postoperative complications, spontaneously
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FIGURE 3

CT 3D reconstruction and Aortic DSA: (A,B) A isolates the pulmonary supplying artery (blue arrow) and the renal artery (red arrow) to the
abdominal aorta, and isolates the pulmonary supplying artery by approximately 4 mm. (C) Nine platinum coils were placed in the isolated
pulmonary supplying artery (blue arrow), and no contrast agent entered the distal end of the infarct (red arrow). (D) Placement of atrial septal
defect occluder (green arrow) under co-guided echocardiography (yellow arrow) and DSA. DAO, decending aorta; RLL, right lower lobe.

FIGURE 4

Schematic figure shows the presented case of pulmonary sequestration: (A) The arterial supply of the sequestration lung arose from a confluent
right renal artery. (B) The venous of sequestration lung return to the inferior vena cava via the hepatic vein. AAO, ascending aorta; DAO,
decending aorta; HV, hepatic vein; IVC, inferior vena cava; LK, left kidney; RA, right atrium; RK, right kidney; RLL, right lower lobe.

recovered after surgery, and was discharged from the
hospital 4 days later.

Take-home points: 1. Pulmonary sequestration
occurs in 0.15–6.6% of all pulmonary malformations;

2. Pulmonary sequestration can be congenital or
acquired via bronchial obstruction causing distal
infection; 3. Approximately 80% of its arterial
supply comes from the thoracic or abdominal
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aorta; 4. Transcatheter vascular embolization and hybrid
surgery are the most frequently used strategies for the treatment.
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Successful treatment of
fulminant myocarditis with
intra-aortic balloon pump
counterpulsation combined
with immunoglobulin and
glucocorticoid in a young male
adult
Huanhuan Li and Lun Li*

Department of Cardiology, Wuhan Fourth Hospital, Wuhan, China

Background: Fulminant myocarditis (FM) is a serious non-specific

inflammatory disease of the myocardium. FM tends to occur in adolescents

and the course of the disease progresses rapidly. It is prone to cardiogenic

shock (CGS) and multiple organ failure (MOF) with high mortality. We report

a case of FM with CGS and MOF in a young male who was successfully

treated with intra-aortic balloon pump counterpulsation (IABP) combined

with intravenous immunoglobulin (IVIG) and glucocorticoid (GC).

Case summary: A 21-year-old previously healthy man presented with

fever, headache, and chest tightness. He came to the hospital for

emergency treatment. The laboratory data showed that the levels of serum

cardiac troponin I (cTnI), N-terminal B-type natriuretic peptide (NT-proBNP),

myocardial zymogram, and neutrophils increased. Echocardiography showed

pericardial effusion and decreased left ventricular systolic function. ECG

showed diffuse ST-segment elevation. He was clinically diagnosed with FM

and admitted to the intensive care unit for treatment. Within 48 h of admission,

the clinical course of the patient deteriorated rapidly, with CGS accompanied

by MOF, high atrioventricular block (AVB), and ventricular tachycardia (VT).

After using mechanical circulatory support (MCS) therapy with IABP, IVIG, GC,

continuous renal replacement therapy (CRRT), and mechanical ventilation

complicated with a temporary cardiac pacemaker, he recovered normal

cardiac function. He made a full recovery and was discharged home on day 21.

Discussion: For patients with FM, early diagnosis, close monitoring, timely use

of MCS devices, and active comprehensive treatment are very important. MCS

devices such as IABP can become lifesaving tools for the treatment of FM.

KEYWORDS

fulminant myocarditis, intra-aortic balloon counterpulsation pump,
immunoglobulin, glucocorticoid, cardiogenic shock, multiple organ failure, case
report
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Introduction

Fulminant myocarditis (FM) is a sudden and life-
threatening myocardial disease, which is characterized by
atypical clinical symptoms, rapid disease progression, and
a high risk of death without timely treatment (1–3). Viral
infection is the most common cause of FM (4). When FM
occurs, the virus causes direct damage to the myocardium and
a secondary immune response causes indirect damage to the
myocardium. These cause rapid and serious damage to the
heart, resulting in the rapid decline in cardiac function and
serious hemodynamic disorders (5, 6). Mechanical circulatory
support (MCS) devices are recommended for patients with FM
with poor response to drug therapy (3, 7). We describe a young
male FM case of cardiogenic shock complicated with multiple
organ failure (MOF), which was successfully treated with intra-
aortic balloon pump counterpulsation (IABP) combined with
intravenous immunoglobulin (IVIG) and glucocorticoid (GC).

Case presentation

On 17 August 2018, a previously healthy 21-year-old
man living in Wuhan developed fever, headache, and chest
tightness after catching a cold, with a maximum temperature
of 39.0◦C. He also developed symptoms of dry cough, nausea
and vomiting. He did not suffer from syncope, abdominal
pain, diarrhea, jaundice, black stool, frequent urination, urgent
urination, pain, and other discomforts. He went to the
community hospital to see a doctor and was treated with
mezlocillin, sulbactam, and diclofenac sodium. The symptoms
of headache and chest tightness could not be relieved. At the
same time, he had dyspnea and decreased activity. For further
treatment, he came to Wuhan Fourth Hospital at 5 p.m. on
21 August 2018. He had no history of heart disease, no family
history of heart disease, and no history of food or drug allergies.
He did not smoke or drink alcohol and had not undergone any
major surgery, trauma, blood transfusion, or intravenous drug
abuse before onset.

In the emergency department, his vital signs and physical
examination were as follows: body temperature (T) 38.4◦C,
respiratory rate (RR) 23 beats/min (bpm), blood pressure (BP)
106/72 mm Hg, pulse (P) 98 bpm, oxygen saturation (SpO2)
98% (indoor air), pupil diameter 2 mm, and sensitive bilateral
light reflex. No swelling of superficial lymph nodes is found in
the whole body. The breath sounds of both the lungs were thick
during auscultation and no dry and wet rales were heard. The
heart rate (HR) was 98 bpm, the heart sound was low and dull,
and there was no murmur in each valve area. The abdomen was
flat and soft, the Murphy sign was negative, the liver, spleen,
and subcostal were not reached, there was no edema in both the
lower limbs, and the pathological sign was negative. Admission
laboratory tests showed (Supplementary Table 1): leukocyte

count 6.75 × 103 9/L, neutrophils 68.2%, lymphocytes 18.7%,
eosinophils 0.3%, amylase 24 U/l, total bilirubin 27.6 µmol/l,
direct bilirubin 13.3 µmol/l, blood potassium 3.5 mmol/l,
creatinine 107.5 µmol/l, random blood glucose 7.51 mmol/l,
cardiac troponin I (cTnI) 38.678 ng/ml, N-terminal B-type
natriuretic peptide (NT-proBNP) 8,480 ng/ml, creatine kinase
(CK) 1,203 U/l, creatine kinase-MB (CK-MB) 55 U/l, lactate
dehydrogenase (LDH) 406 U/l, alanine aminotransferase (ALT)
21 U/l, aspartate aminotransferase (AST) 114 U/l, and
procalcitonin (PCT) 0.47 ng/ml. ECG showed: sinus rhythm,
right bundle branch block, and ST-segment elevation in leads
II, III, aVF , and V2–V6 (diffuse) (Figure 1A). Transthoracic
echocardiography showed pericardial effusion [the maximum
anterior–posterior diameter of the posterior dark area of
the left ventricular posterior wall was 0.8 cm (Figure 2A),
the maximum anterior–posterior diameter of the dark area
of the left ventricular inferior wall was 1.2 cm (Figure 2B),
and the anterior–posterior diameter of the dark area of the
xiphoid process was 2.5 cm (Figure 2C)] and the left ventricular
systolic function decreased [left ventricular ejection fraction
(LVEF) = 42%]. Brain CT showed no abnormality. Chest CT
showed a few fibrous foci in both the lungs (Figure 2G).

Massive pericardial effusion and blurred pericardial fat space
are also present, considering the possibility of inflammatory
lesions (Figure 2J). Abdominal CT showed intrahepatic bile
duct calculi.

As a result of these clinical findings, he was suspected of
being diagnosed with FM and was admitted to the intensive
care unit. Anti-infective (piperacillin and sulbactam) and
antiviral (astragalus and oseltamivir) treatments were given;
vitamin C and coenzyme Q10 were started to be taken.
Then, we screened the viruses that may cause myocarditis,
namely, coxsackievirus (CV) B3, CV B5, enterovirus, and
cytomegalovirus, which were negative. The antimyocardial virus
antibody test was negative. Other viral screening tests, such as
hepatitis antibody, HIV antibody, and syphilis antibody, were
negative (Supplementary Table 1).

His clinical course was as follows (Figure 3). His body
temperature gradually decreased 24 h after admission, but
he still had headache, nausea, and vomiting. The output was
significantly less than the input. The vital signs monitoring
showed that: temperature 36.5◦C, RR 24 bpm, BP 90/60 mm
Hg, HR 110 bpm, and SpO2 92% (nasal catheter oxygen
inhalation). The results of myocardial zymogram and cardiac
injury markers increased further: cTnI 36.2786 ng/ml, NT-
proBNP 13,427 ng/ml, CK 1,694 U/l, CK-MB 90 U/l, LDH 491
U/l, ALT 47 U/l, AST 154 U/l, creatinine 102.3 µmol/l, total
bilirubin 25 µmol/l, direct bilirubin 11.6 µmol/l, PCT 0.6 mg/dl,
and arterial blood gas [pH 7.46, partial pressure of arterial
carbon dioxide (PaCO2) 29 mm Hg, partial pressure of arterial
oxygen (PaO2) 268 mm Hg, bicarbonate (HCO3

−) 20.6 mmol/l,
alkali residue (BE−) 2.2, and lactic acid (Lac) 2.1 mmol/l].
Combined with laboratory examination, FM combined with
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FIGURE 1

ECG images on the first day, the seventh day, and the 20th day of admission. (A) On the first day of admission, ECG showed sinus rhythm, right
bundle branch block, and diffuse ST-segment elevation (red arrow). (B) On the seventh day of admission, ECG showed sinus rhythm and diffuse
ST-segment elevation that improved significantly (red arrow). (C) On the 20th day of admission, ECG showed sinus rhythm with extensive
anterior wall T-wave inversion (red arrow).
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FIGURE 2

Transthoracic echocardiography on the first day and the 18th day of admission. Chest X-ray and chest CT images on the first, eighth, and 15th
day of admission. (A) On the first day of admission, the maximum anterior–posterior diameter of the posterior dark area of the left ventricular
posterior wall on the long-axis view of transthoracic echocardiography was 0.8 cm (red arrow). (B) On the first day of admission, the maximum
anterior–posterior diameter of the dark area of the lower wall of the left ventricle on the short-axis view of transthoracic echocardiography was
1.2 cm (red arrow). (C) On the first day of admission, transthoracic echocardiography showed that the anterior–posterior diameter of the dark
area under the xiphoid process was 2.5 cm (red arrow). (D) On the 18th day after admission, the pericardial effusion on the long-axis view of
transthoracic echocardiography was less than that before. (E) On the 18th day after admission, the pericardial effusion on the short-axis view of
transthoracic echocardiography was less than that before. (F) On the 18th day of admission, transthoracic echocardiography four-chamber
view. (G) On the first day of admission, a chest X-ray showed a few fibrous foci in both the lungs (red arrow). (H) On the eighth day of admission,
the chest X-ray showed inflammation in the upper lobe of the left lung and the middle lobe of the right lung (red arrow). (I) On the 15th day of
admission, the chest X-ray showed a little inflammation of the left upper lung (red arrow). (J) On the first day of admission, the cross-section of
the chest CT soft-tissue window showed that the pericardial fat space was blurred and there was a large amount of pericardial effusion (red
arrow). (K) On the eighth day of admission, the cross-section of the chest CT soft-tissue window showed bilateral pleural effusion with bilateral
lower lung insufficiency (blue arrow) and a small amount of pericardial effusion (red arrow). (L) On the 15th day of admission, the cross-section
of the chest CT soft-tissue window showed bilateral pleural effusion and bilateral lower lung insufficiency (blue arrow).

acute left heart failure and upper respiratory tract infection
was considered. Non-invasive ventilator-assisted respiration
(continuous positive airway pressure under 12 cm H2O to
maintain adequate tissue oxygenation) was given and circulating
agonists (dopamine 7.5 µg/kg/min) were added to maintain
blood pressure. At the same time, IVIG (40 g/day in the
first 2 days and gradually decrease in the next few days) and

intravenous GC (200 mg/day of methylprednisolone in the
first 3 days and gradually decreasing in the next few days)
treatment started. Furosemide was injected intravenously to
optimize intravascular volume.

On the 42nd h of admission, he developed irritability,
panting, sitting up, and breathing and the output was still less
than the intake. Physical examination suggested: temperature
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FIGURE 3

Clinical course of the patient during 21 days of hospitalization. Heart rate and body temperature changes. Daily liquid inflow and outflow. Use
mechanical support therapy and medication.

36.8◦C, RR 36 bpm, BP 90/42 mm Hg (maintained by
10 µg/kg/min of dopamine), HR 118 bpm, SpO2 90% (non-
invasive ventilator-assisted respiration), low respiratory sounds
in both the lungs, and audible moist rales. Laboratory tests
became worse: NT-proBNP 16,163 ng/ml, CK 1,809 U/l, CK-
MB 110 U/l, LDH 1,469 U/l, ALT 47 U/l, AST 154 U/l, and
the level of anaerobic metabolism in arterial blood is very
high (pH 7.20, PaCO2 26 mm Hg, PaO2 73 mm Hg, HCO3

−

10.2 mmol/l, BE− 13.6, and Lac 10.9 mmol/l). Echocardiography
showed pericardial effusion (small to medium volume, the
maximum anterior–posterior diameter of the dark area of
the lower wall of the left ventricle was 2.0 cm, and the
anterior–posterior diameter of the dark area of the inferior
xiphoid process was 1.0 cm) and the left ventricular systolic
function decreased further (LVEF = 38%). Color Doppler
ultrasound of the thoracic cavity showed bilateral pleural
effusion (5.9 cm on the left and 6.8 cm on the right). Surgical
pericardium and pleural puncture were not performed because
there was no safe puncture space. The patient was considered
to have CGS combined with MOF and had a poor response
to vasoactive drugs. After obtaining informed consent, we
immediately gave IABP (counterpulsation pressure 110 mm
Hg, counterpulsation ratio 1:1), continuous renal replacement
therapy (CRRT), and endotracheal intubation with ventilator-
assisted respiration (continuous positive airway pressure under
15 cm H2O to maintain sufficient tissue oxygenation) and

then the upper gastric tube was given to ensure intestinal
nutrition. He developed Adams–Stokes syndrome during CRRT
and developed a third-degree atrioventricular block (AVB)
after rescue. We gave him temporary pacemaker implantation.
Continuous administration of heparin through an infusion
pump maintained an activated partial thrombin time of 70–100 s
to prevent left ventricular thrombosis. Intermittent transfusion
ensured that a hemoglobin level was greater than 90 g/l.

The subsequent days of treatment were maintained using
a combination of IABP, CRRT, mechanical ventilation, a
temporary pacemaker, and drug support. The patient’s body
temperature was normal, the urine output also continued
to increase, and the water balance gradually tended to
be negative (Figure 3). Cardiac injury markers such as
cTnI (Figure 4A), NT-proBNP (Figure 4B), and myocardial
zymogram tended to improve (Figures 4C,D), leukocyte count
(Figure 4E), liver function (Figure 4F), and renal function
(Figure 4G). Echocardiography indicates gradual improvement
of LVEF (Figure 4H) and the level of anaerobic metabolism
in arterial blood decreased (pH 7.40, PaCO2 30 mm Hg,
PaO2 77 mm Hg, HCO3

− 18.6 mmol/l, BE− 5.4, and
Lac 5.0 mmol/l).

On the sixth day of admission, the patient had a fever
again, with a temperature of 40.0◦C. Three cases of ventricular
tachycardia (VT) and ventricular fibrillation were corrected by
electrocardiography and amiodarone.
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FIGURE 4

Changes of various indexes during 21 days of hospitalization. (A) cTnI. (B) NT-pro BNP. (C) ALT and AST. (D) Myocardial zymogram. (E) Platelet
(PLT) and leukocyte count (WBC). (F) Total bilirubin (TBIL) and arterial blood gas lactate (Lac) levels. (G) Creatinine (Cr) and blood urea nitrogen
(BUN). (H) Ejection fraction (EF) and average blood pressure (ABP) in transthoracic echocardiography.

On the seventh day of admission, the patient’s body
temperature decreased and the level of anaerobic metabolism
in arterial blood further decreased (pH 7.43, PaCO2 33 mm
Hg, PaO2 90 mm Hg, HCO3

− 21.9 mmol/l, BE− 1.9,
and Lac 1.9 mmol/l), suggesting that organ perfusion was
improved and relevant laboratory indexes tended to be
improved (Figure 4). ECG showed that sinus rhythm and
diffuse ST-segment elevation were significantly improved
(Figure 1B). Echocardiography showed that the pericardial
effusion decreased gradually (less to medium, the maximum
anterior–posterior diameter of the dark area of the lower wall
of the left ventricle was 0.8 cm) and the left ventricular systolic
function was higher than that of front (LVEF = 47%). Color
Doppler ultrasound of the thoracic cavity showed bilateral

pleural effusion (2.6 cm on the left and 4.3 cm on the
right). Brain CT showed no abnormality. Chest CT showed
inflammation in the upper lobe of the left lung and the
middle lobe of the right lung (Figure 2H), bilateral pleural
effusion and bilateral lower lung insufflation (Figure 2K),
and a small amount of pericardial effusion. Abdominal CT
showed changes in peritoneal exudation and pelvic effusion.
Considering the reduced demand for mechanical support, they
stopped CRRT support.

On the ninth day of admission, IABP was pulled
out, endotracheal intubation was pulled out, and ventilator
treatment was stopped. The patient had no wheezing, dyspnea,
and chest tightness. Physical examination showed: temperature
37.4◦C, RR 19 bpm, BP 95/52 mm Hg, HR 105 bpm, SpO2 97%
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(nasal catheter oxygen inhalation), the low respiratory sound of
both the lungs, and no dry and wet rales. The rest of the physical
examination is the same as before. Stop vasoactive pressor
drugs and start using low-dose β-receptor blockers (metoprolol
12.5 mg/day) that were used to prevent heart failure and VT.

On the tenth day of admission, the temporary pacemaker
and gastric tube were removed. Low doses of angiotensin
converting enzyme inhibitors (Astat 2 mg) were added
to prevent ventricular remodeling. Subsequently, the
patient gradually received active physical rehabilitation
and comprehensive oral nutrition.

Before discharge, the patient’s body temperature was normal
and there was no discomfort such as headache and chest
tightness. Re-examination of ECG suggested sinus rhythm and
ST-T changes (Figure 1C). Echocardiography indicated that
the size of each cardiac cavity was normal, the movement of
the ventricular wall was normal, and the ventricular systolic
function was normal (LVEF = 59%) (Figures 2D–F). The
patient’s chest CT showed little inflammation in the upper
left lung (Figure 2I), bilateral pleural effusion, and bilateral
lower lung insufficiency (Figure 2L). He was discharged from
the hospital on the 21st day of admission and returned home
without apparent complications. During the 3-year follow-
up period, he had no deterioration of cardiac function,
recurrent myocarditis, congestive heart failure, or episodes of
ventricular arrhythmias.

During the 21 days of hospitalization, to determine the
microbial cause of fever, blood culture, urine culture, stool
culture, and fungal D-glucan test were negative and there were
no signs of elevated eosinophils and lymphocytes. However, we
did not perform an endomyocardial biopsy (EMB) and coronary
angiography (CAG) because we failed to obtain the consent of
the patient. Due to claustrophobia, the patient failed to undergo
a cardiac MR examination. He was diagnosed as an FM case
with CGS and MOF.

Discussion

The precursor symptoms of FM, such as fatigue, fever,
cough, dyspnea, and chest pain, are usually not significantly
different from the common cold (8). The condition deteriorates
rapidly within 2 days to 2 weeks after the onset of prodromal
symptoms, namely, severe heart failure, refractory arrhythmia,
CGS, and MOF. Hemodynamic disorders need to be treated
with vasoactive drugs and MCS devices (6, 9). Studies have
shown that in adult patients, FM accounts for about 10% of all
the cases of myocarditis, but the mortality rate is more than
50% (10, 11). These characteristics make an early diagnosis,
close monitoring, and comprehensive treatment that are very
important in the diagnosis and treatment of FM.

The most common causes of FM are viral infections, namely,
adenovirus and enterovirus (common CV B serotype) (12–14),

cytomegalovirus (15, 16), herpes simplex virus (17), parvovirus
B19 (18), H1N1 influenza virus (19), and HIV (20). Due to
the lack of specificity and sensitivity, negative serological results
cannot exclude possible viral infections. Antiviral therapy is
still an important part of FM therapy. Evidence showed that
early use of antiviral drugs in patients with viral myocarditis
caused by H1N1 could reduce mortality and have a better
prognosis (21). Some case reports have shown that antiviral
drugs such as oseltamivir and zanamivir had encouraging
therapeutic effects (22, 23). The Chinese Society of Cardiology
recommended that antiviral treatment can be started as soon
as possible for patients with FM (3). In this case, we continued
antiviral treatment.

The European Society of Cardiology (ESC) guidelines
recommend that the detection of the virus genome by PCR
through EMB should be used as the gold standard for the
diagnosis of myocarditis (4). EMB could be used to determine
specific myocarditis types (such as lymphocytic myocarditis,
giant cell myocarditis, and eosinophilic myocarditis) and ruled
out cardiac sarcoid, which is of guiding significance for
the selection of treatment plan and prognosis of FM (24,
25). A multicenter study showed that only 38% of patients
with myocarditis were able to find the viral genome in
their EMB samples (26). EMB was at risk of arrhythmia
and ventricular perforation due to invasive procedures (27).
In this case, due to unstable hemodynamics and lack of
available facilities and clinical experience in the early stage
of the disease, we decided not to conduct EMB. After the
disease was stable, the patient refused to undergo EMB.
The ESC myocardial and pericardial disease working group
recommends that all the patients with clinically suspected
myocarditis should consider CAG. Especially, in the case
of CGS, CAG can help guide management strategies (28).
In this case, CAG was not performed. The patient had
no typical cardiovascular risk factors, no previous history
of cardiovascular disease, and extracardiac causes that could
explain the symptoms. His left ventricular systolic function
and cTnI returned to normal without coronary intervention.
In this case, even without available EMB and CAG results, the
patient’s clinical manifestations met the diagnostic criteria of FM
(ECG/cTnI/echocardiography) (29).

In patients with FM with CGS, appropriate vasopressor
and mechanical ventilation can ensure adequate perfusion
pressure and oxygenation (7). For patients with FM with
poor drug treatment effect, it is recommended to use a
temporary MCS support device in time (30). The main purpose
of using a temporary MCS support device is to prevent
multiple organ dysfunction and death through biventricular
unloading, ensure systemic and coronary perfusion and venous
dredging, and provide a safe bridge for rehabilitation or
durable auxiliary device implantation (31). The most common
temporary MCS implantation devices are IABP and venous
arterial extracorporeal membrane oxygenator (VA-ECMO)
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with peripheral cannula (32, 33). IABP inflates and deflates
synchronously with systolic and diastolic rhythm through the
balloon, which can reduce left ventricular afterload and increase
blood flow to the brain and kidney. Compared with the total
circulation demand, IABP can provide about 15% additional
circulation support. It is the most commercial MCS device for
the treatment and the first-line device recommended by some
researchers (34, 35). Low-dose inotropic drugs and vasodilators
and/or IABP implantation are the most common strategies to
reduce cardiac afterload. If IABP cannot sufficiently improve the
cycle, VA-ECMO should be considered immediately. VA-ECMO
is the preferred temporary MCS option when oxygenation
is poor. VA-ECMO can ensure rapid and comprehensive
cardiopulmonary assistance. It is an effective method to restore
cardiac output and organ perfusion in patients with FM (36).
However, VA-ECMO may lead to left ventricular overload and
dilation. The increase of left ventricular end-diastolic pressure
can reduce coronary blood flow and cause a cardiac electrical
storm (37). Therefore, VA-ECMO is best used in combination
with IABP, especially for those patients with CGS whose cardiac
index is less than 2 l/min/m2 or whose blood lactic acid
is more than 2 mmol/l. IABP can decrease left ventricular
afterload and increase coronary blood flow (38). According
to previous reports, the median duration of ECMO was 5–
9 days and the therapeutic discharge rate was 55–66% (30, 33,
39). After VA-ECMO implantation, bedside echocardiography
was performed everyday to determine whether the ventricular
systolic function was restored. Trials of discontinuation could
be carried out once there was lasting evidence of cardiac
recovery (40, 41). If the cardiac function of patients with FM
cannot improve, no matter how many days VA-ECMO supports,
durable MCS such as HeartMate II, Heartware HAVAD, and
HeartMate 3 LV assist device (VAD) should be considered
for treatment. VAD is beneficial to reduce left ventricular
load and is a better device to prevent and improve MOF,
including liver failure (42, 43). Relevant studies suggested
that VAD should be used to replace VA-ECMO when the
bilirubin cases rapidly reached more than 3.0 mg/dl (44).
In this case, CGS and hypoxia were gradually relieved after
using IABP combined with mechanical ventilation and an
echocardiographic indication of EF did not decrease further.
VA-ECMO was not used.

Whether to use IVIG and steroids in FM is controversial.
The position statement of the ESC suggested that
immunosuppression therapy should not be started until
EMB eliminates viral infection by PCR (4). Studies had shown
that early immunosuppression of FM might be the key to
hindering the inflammatory process and reduced in-hospital
mortality (45, 46). IVIG could eliminate myocardial virus
infection faster by targeting specific virus antibodies and reduce
cardiac inflammation by regulating the immune response. In
the animal model of viral myocarditis, the free immunoglobulin
light chain showed antiviral and anti-inflammatory effects,

which supported the clinical application of IVIG (47). IVIG
could be used for lymphocytic myocarditis in children
(48). Several studies have reported that IVIG treatment
was effective in the treatment of acute myocarditis and FM
(49–51). High-dose intravenous IVIG could significantly
improve LVEF and left ventricular end-diastolic diameter
(LVEDD) in adult patients with acute myocarditis and FM,
reduce the incidence of ventricular tachycardia or fibrillation,
and reduce mortality (52–54). Some studies suggested that
due to GC-induced immunosuppression, virus infection
might worsen and spread and adult lymphocyte FM was a
contraindication to immunosuppression (55, 56). A meta-
analysis published in 2013 showed that there was no increase
in viral replication or disease severity in patients with viral
myocarditis treated with GC (57). At the same time, in patients
with inflammatory cardiomyopathy and myocarditis with
persistent PVB19, the use of immunosuppressive drugs did
not aggravate virus replication (58). Studies have shown that
the use of GC reduced virus titer by stimulating interferon
secretion. In some cases of myocarditis, patients responded
well to GC treatment (46, 59). These were evidence of the
safety of GC in the treatment of FM. The American Heart
Association recently said that if there is a high suspicion of
immune-mediated FM, 1 g of methylprednisolone can be taken
urgently before biopsy diagnosis or further diagnostic test
(7). Ammirati et al. (60) proposed that the combination of
immune regulation and MCS using IVIG and GC in FM could
help improve circulatory dysfunction and reduce cytokine
storm. In this case, we clinically diagnosed the patient as FM,
started IVIG and GC treatment for the first time, and the
patient responded well to the treatment. It is necessary to
carry out large-scale prospective studies to explore the role of
immunosuppression in acute and FM, so as to provide evidence
for standardized treatment.

In this case, the patient had obvious precursor symptoms
of the upper respiratory tract or gastrointestinal virus infection
and the symptoms of severe heart failure (rapid deterioration
of LVEF and new conduction block) occurred rapidly within
2 weeks of onset. The development of hemodynamic damage
was rapid, which required positive inotropic drugs and
temporary MCS device implantation support. During
hospitalization, his blood bacterial culture and fungal test
results were always negative, excluding bacterial or fungal
myocarditis. Because eosinophil levels did not rise during
hospitalization, he was also less likely to have eosinophilic
myocarditis. His left ventricular systolic function and cTnI
returned to normal without coronary intervention, which
suggests that his myocardial injury was not caused by acute
myocardial infarction. Combined with an auxiliary examination
(ECG/serum troponin/echocardiography), the patient met
the diagnosis of FM. For this FM case, we believe that IABP
implantation combined with IVIG, GC, CRRT, and mechanical
ventilation is the key to successful treatment.
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Conclusion

For young patients with a history of proinfection and no
basis of heart disease, who develop heart failure in a short
time, doctors should consider the possibility of FM and improve
ECG, echocardiography, and blood biochemical examination
as soon as possible. Once FM is suspected, we should be alert
to the deterioration of symptoms and hemodynamics caused
by acute heart failure or CGS. If there are early signs of
circulatory failure, it is recommended to transfer to a tertiary
medical center with MCS devices and multidisciplinary teams
as soon as possible. The improvement of EMB and CAG
has a guiding significance for the treatment and differential
diagnosis of FM classification. After the diagnosis of FM,
actively use antiviral drugs and drugs to improve circulation.
Immunosuppressants can be considered. MCS devices such as
IABP are recommended as early as possible before the onset
or progression of MOF to maintain stable hemodynamics and
perfusion of vital organs. If temporary MCS is invalid, VAD
therapy and heart transplantation should be actively considered.
Temporary MCS can serve as a bridge for resuscitation or
heart transplant transport. The prognosis of patients with FM
can be improved by carrying out individualized comprehensive
treatment to help patients with FM successfully overcome
the acute stage.
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Intracoronary artery retrograde
thrombolysis for ST-segment
elevation myocardial infarction
with a tortuous coronary artery:
A case report and review of the
literature
Mingzhi Shen1,2†, Haihui Lu1†, Yichao Liao1†, Jian Wang1,
Yi Guo1, Xinger Zhou1,2, Yingqiao Nong1,2, Zhenhong Fu3,
Jihang Wang1, Yuting Guo1,2, Shihao Zhao1*, Li Fan4* and
Jinwen Tian1,2*
1Department of Cardiology, Hainan Geriatric Disease Clinical Medical Research Center, Hainan
Branch of China Geriatric Disease Clinical Research Center, Hainan Hospital of Chinese PLA General
Hospital, Sanya, China, 2The Second School of Clinical Medicine, Southern Medical University,
Guangzhou, China, 3Department of Cardiology, Sixth Medical Center, PLA General Hospital, Beijing,
China, 4Department of Cardiology, Second Medical Center, PLA General Hospital, Beijing, China

Background: How to deal with large thrombus burdens of culprit’s blood

vessel remains a great challenge in the treatment of acute myocardial

infarction.

Case presentation: A 32-year-old Chinese man was diagnosed with ST-

segment elevation myocardial infarction (STEMI). Coronary angiography

revealed that the distal end of a tortuous left circumflex was completely

occluded by a large amount of thrombus. Cutted balloon-directed

intracoronary artery retrograde thrombolysis (ICART) with urokinase led to

the restoration of coronary blood flow. Because there was no obvious plaque

rupture or artery stenosis in the coronary artery, it was only dilated, and no

stent was implanted.

Conclusion: Cutted balloon-directed ICART can be performed effectively

and safely in some STEMI patients with tortuous coronary vessels

and large thrombus. (REST or named ICART ClinicalTrials.gov number,

ChiCTR1900023849).

KEYWORDS

myocardial infarction, tortuous coronary artery, intracoronary retrograde
thrombolysis, thrombosis, reperfusion preconditioning
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Background

Intracoronary thrombosis is a great challenge and can
cause no-reflow, slow-flow, malignant arrhythmia, and other
adverse cardiac events in patients with ST-segment elevation
myocardial infarction (STEMI) (1–3). Without a benefit and
with even increased stroke risk, the recommended level of
routine thrombus aspiration has been reduced or even not
recommended (4–6). There is still a long way to go to
solve the problem of intracoronary thrombosis, especially in
patients with large thrombus burdens. In 2013, we began to
use the intracoronary artery retrograde thrombolysis (ICART)
technique combined with primary percutaneous coronary
intervention in treatment of STEMI (7). This process produced
microblood flow and microperfusion, which could be defined
as reperfusion pre-adaptation and characterized by reduced
reperfusion injury and improved blood flow. Here, we report
a case of a young patient with STEMI with a tortuous
coronary artery who was not suitable for thrombus aspiration
or primary balloon dilation. For this patient, ICART was
successfully performed to realize coronary reperfusion without
stent implantation.

Case presentation

A 32-year-old young man was transferred to the emergency
department with sudden chest pain lasting for 80 min. He has
had high blood pressure for 4 years but on no medication,
and had a blood pressure of 174/113 mmHg and a pulse
rate of 78 beats per minute. Electrocardiography showed ST-
segment elevations in leads II, III, aVF, V3R, V4R, and V5R
(Figures 1A,B). Serum creatinine was 73 µmol/L, and serum
troponin T was 7.97 ng/ml. Killip classification was class I.
Aspirin 300 mg and ticagrelor 180 mg were chewed just before
the coronary angiography (CAG) was performed, followed by a
routine antithrombotic therapy of oral DAPT (aspirin 100 mg
qd, ticagrelor 90 mg bid) lasting for 1 year. The treatment was
approved by Hainan Hospital of PLA General Hospital ethics
committee, and informed consent was signed. The CAG showed
that the left circumflex (LCX) was completely occluded by a
large amount of thrombus in the distal portion (Figure 2A).
A bolus of unfractionated heparin (11,250 IU) was administered
intravenously. A Runthrough guidewire was advanced through
the thrombus to the distal end of the occluded LCX. The distal
end of a 2.5 mm × 15 mm Sprinter Legend balloon was cut off,
leaving a metal marker at the tip. Then, the balloon was inserted

Abbreviations: STEMI, ST-segment elevation myocardial infarction;
ICART, intracoronary artery retrograde thrombolysis; PCIs, percutaneous
coronary interventions; CAG, coronary angiography; PLA, People’s
Liberation Army; LCX, left circumflex; TIMI, thrombolysis in myocardial
infarction.

FIGURE 1

Electrocardiograms. (A,B) In the emergency room. (C) After
intracoronary artery retrograde thrombolysis (ICART).

over the Runthrough guidewire and through the stenotic section
of the occluded coronary artery (Figure 2B).

A total of 300,000 units of urokinase, 15 ml physiological
saline, and 5 ml iopromide were mixed, forming a 20-ml
cocktail. Following this, 1 ml of the cocktail was bolus-injected
through the cut balloon, which was repeated every 30 s
(Figure 2B). After injection, the mixture of contrast agents and
thrombolytic agent retained in the distal end of the occluded
lumen, exerted its thrombolytic effect while visualizing the
occluded vessels during this process. After 7 min of ICART,
the thrombus in the proximal segment disappeared, but the
thrombus in the distal location still existed. An aspiration
catheter was used for thrombus aspiration, but it was unable
to pass through the lesion because of the tortuosity of the
blood vessels. The occluded segment was dilated up to 5 atm
with a 2 mm × 20 mm Sprinter Legend compliant balloon
(Figure 2C) at the distal portion of the LCX. Blood flow
improved to TIMI grade 2. Diltiazem 200 µg was given through
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FIGURE 2

Coronary angiogram of acute circumflex artery occlusion. (A) Basal angiogram showing total occlusion of the left the circumflex artery (LCX)
distal segment with thrombus image. The arrow shows the occlusion. (B) Procedure of intracoronary artery retrograde thrombolysis (ICART)
through the cut balloon. The distal thrombus was gradually dissolved. The fine arrow shows the tip of the cut balloon, and the coarse arrow
indicates the thrombolytic agent with contrast agent to fill the occluded lumen. (C) The distal end of the LCX was dilated up to 5 atm with a
2 mm × 20 mm compliant balloon. (D) Revascularization was achieved at the distal end of the LCX without stent implantation.

the intracoronary artery. The blood flow in the coronary
artery was restored to TIMI grade 3 (Figure 2D). The chest
pain was completely relieved, and the ST-segment elevation
was resolved (Figure 1C). Intravenous infusion of tirofiban
was maintained for 36 h after PCI. Oral administration of
aspirin (100 mg/day), ticagrelor (180 mg/day), rosuvastatin
(10 mg/day), bisoprolol (5 mg/day), nicorandil (15 mg/day),
and perindopril (2 mg/day) was continued. Low molecular-
weight heparin was administered subcutaneously after stopping
tirofiban. No significant bleeding complications occurred after
ICART. The patient was discharged 10 days after ICART. At
a follow-up time of 1 year, there was no recurrent myocardial
infarction, re-hospitalization, or death happened.

Discussion and conclusion

Management of intracoronary thrombus is a great challenge
of PPCI. Large thrombus burden is associated with poor

prognosis, including procedural failure, abrupt vessel closure,
recurrent myocardial infarction and death (8, 9). It is widely
acknowledged that the primary responsibility of physicians is
to clear a thrombus quickly and open occluded vessels (10–
12). Although great progress has been made in antithrombotic
therapy and PCI technology, a large intracoronary artery
thrombus is still a nightmare for interventional cardiologists.

In order to reduce the thrombus load of patients with
STEMI, many methods such as distal protection device,
thrombus aspiration, and glycoprotein IIb/IIIa antagonists are
used during a PPCI procedure (13–15). However, some studies,
including the EMERALD, PROMISE, and AIMI trials (16), have
found that distal protection devices have no protective effect or
are even harmful on myocardial perfusion and final infarct area.

Intravenous thrombolysis is simple and convenient, but the
vascular opening rate is relatively low. At the same time, large
doses of thrombolytic drugs increase the risk of hemorrhagic
events (17). Transcatheter antegrade thrombolysis of coronary
artery has been tried on patients with myocardial infarction (18).
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The head of a thrombus is mainly composed of white thrombi;
at the same time, the thrombolytic agent cannot be retained, and
transcatheter antegrade thrombolysis effect is poor. Similarly,
the dose of the thrombolytic agent needs full amount, which
causes a large possibility of hemorrhage.

Thrombus aspiration is one of the most frequently used
thrombectomy methods to deal with a thrombus in the
coronary artery (6). However, studies reveal that patients with
STEMI does not benefit from routine thrombus aspiration
(5). Routine thrombus aspiration showed no benefits for
death from any cause or the composite of death from
any cause, rehospitalization for myocardial infarction, or
stent thrombosis at 1 year either (19). Moreover, thrombus
aspiration even increased stroke rate (4). As such, the
recommended level of routine thrombus aspiration has been
reduced to grade III.

We first invented the ICART technology in 2013 to
treat patients with myocardial infarction in the world (7).
We amazingly found that ICART can produce reperfusion
pre-adaptation characterized by microblood flow and
microperfusion. It is more feasible than ischemic pre-
adaptation; and when compared with post ischemic treatment,
it is supposed to cause less debris, thus preventing slow
blood flow and no-reflow phenomena. ICART can produce
microblood flow and microperfusion, which can reduce
reperfusion injury. Therefore, we summarized the following
experience for myocardial infarction: urgent transport
(shortening the time from symptoms to balloon opening),
slow opening (by ICART rather than sudden opening of
blood vessels with thrombus aspiration, so as to reduce
reperfusion injury), 10 minutes of reperfusion (we found
that any urgent opening is harmful, whether it is ischemic
pretreatment or post ischemic treatment). We speculate
that ICART will reduce malignant arrhythmia, myocardial
stunning, myocardial microcirculation occlusion, intracardiac
hemorrhage, and myocardial infarction area, which are related
to reperfusion injury.

In this case, the blood vessel was tortuous, which is different
from the cases selected in our previous article (7), the proximal
part was very thick, and the distal part was completely occluded,
and it had a high-load thrombus. Thrombus aspiration should
be performed according to the guidelines. However, the blood
vessel was very tortuous, the aspirating catheter could not pass
through the tortuous lesion, which was confirmed by subsequent
operation. If balloon dilatation was performed directly, there
would be slow blood flow or no reflow due to high thrombus
load at the distal end. The following operation also confirmed
this idea. We ingeniously cut off the head of the balloon (in our
previous research, we used cutted balloons, they were made by
ourselves and were similar to a double lumen microcatheter),
put the balloon to the end through the wire, and formed a very
high concentration of thrombolytic agent locally to dissolve the
thrombus, which received very amazing results. There was no

thrombus in the distal vascular bed. At the same time, according
to the tortuous, distal, suddenly thinning vascular structure, a
stent could not be implanted, which was also the prominent
feature of this case (different from our previous case). In this
case, ICART successfully exposed the lesion and revealed the
occluded vessel before any other intervention was taken, thus
guiding the following strategies including the choice of balloons.
Our present case is a supplement to our previous ICART article,
which shows that the ICART method is very feasible and much
safer to use even in the variant occlusive vessels.

Intracoronary thrombolysis was previously conducted on
patients with an ectatic coronary artery (20). The disadvantages
of this method were that the blood vessel wall was destroyed
during suction, the thrombus was pushed to the far end of
the coronary artery, forming slow blood flow, and no reflow.
The thrombus may fall to the aorta, leading to stroke. At the
same time, the reperfusion injury was very obvious. After that,
antegrade thrombolysis was carried out; because the thrombus
structure was destroyed, the thrombolytic agent could not be
retained, and the thrombolytic efficiency was greatly reduced.
At the same time, the dosage of the thrombolytic agent was
very large, which significantly increased the risk of bleeding.
Therefore, if ICART is performed, the thrombolytic agent will
first make contact with a red thrombus and stay for a long
time, so the thrombolysis efficiency will be greater. ICART
is an effective, feasible, and simple approach for management
of patients with STEMI. Small amounts of thrombolytics
may cause very high local blood drug concentrations in an
occluded section, so as to open the occluded blood vessel. The
process of gradually opening occluded blood vessels produces
reperfusion preadaptation, which reduces the occurrence of
malignant arrhythmia. By relatively thorough removal of a
thrombus, the incidence of slow-flow or no-reflow was reduced.
Because the occluded segment was relatively small, no stent was
implanted in this case.

In conclusion, microcatheter-directed ICART may be a safe
and effective alternative reperfusion strategy in the culprit vessel
for STEMI associated with massive thrombosis in small and
tortuous coronary arteries.
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Cor triatriatum sinister is a rare congenital anomaly characterized by the

left-sided triatrial form of the heart. Diverse theories have been proposed

regarding its formation, and the failure of incorporation of the common

pulmonary vein into the left atrium (LA) during embryogenesis is the

most widely accepted theory. Accordingly, cor triatriatum sinister may be

associated with pulmonary venous obstruction and post-capillary pulmonary

hypertension in the setting of restricted fenestration. A high proportion

of patients with cor triatriatum sinister also have an associated secundum

atrial septal defect. Pre-capillary pulmonary hypertension, which is unusual

in patients with small atrial septal defects (<2 cm), is probably not as

rare as some reports indicate, especially when combined with complex

comorbidities. The conventional treatment strategy of atrial septal defect

closure in patients with pulmonary hypertension, whether associated with

cor triatriatum sinister or co-existing multiple cardiac anomalies, involves

simultaneous repair with other cardiac surgical procedures. To the best of

our knowledge, there is no reported clinical experience of percutaneous atrial

septal defect closure in the literature. Herein, we present the case of an

elderly female with pulmonary hypertension and coexisting cor triatriatum

sinister, secundum atrial septal defect, and multiple cardiac anomalies.

Despite optimal medical therapy, the biventricular failure deteriorated, and

clinical stabilization could not be achieved. Transcutaneous atrial septal

defect closure was then performed. Subsequent investigations showed

an initial improvement (perhaps due to elimination of the left-to-right

shunt) from this intervention, but the long-term impact did not appear
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favorable, likely due to multiple uncorrected cardiac anomalies. To the

best of our knowledge, this is the first clinical report showing that partial

treatment of combined pre- and post-capillary pulmonary hypertension by

eliminating the pre-capillary component may have an initial benefit; thus,

total surgical correction should be considered a definite therapeutic strategy

unless contraindicated.

KEYWORDS

chronic heart failure, pulmonary hypertension, transcutaneous ASD closure,
cor triatriatum, case report

Introduction

Pulmonary hypertension (PH) due to left heart disease
(PH-LHD) caused by elevated left-sided filling pressures is the
most common etiology of PH. PH-LHD is further classified
into two subsets according to the presence of a pre-capillary
component [combined pre- and post-capillary PH (Cpc-PH)
or isolated post-capillary PH (Ipc- PH)] (1). Cpc-PH is
considered a more serious subset than Ipc-PH (2). Previous
research has pointed out that patients with PH-LHD have
a worse clinical prognosis than those without PH-LHD (3),
which may be because the diagnosis is delayed and there
are no existing optimal treatments. The current ESC/ERS PH
guidelines define PH as a mean pulmonary artery pressure
(mPAP) of > 25 mmHg and define the two subsets of
PH-LHD according to the diastolic pressure gradient (DPG)
[the difference between diastolic PAP and pulmonary artery
wedge pressure (PAWP)] and/or pulmonary vascular resistance
(PVR). Previous studies have investigated whether Cpc-PH,
as defined by current guidelines, predicts clinical outcomes,
although the results have varied widely among patient groups
(4). Categorizing two subsets of PH-LHD using DPG has
been considered too restrictive (5); hence, comprehensive
hemodynamic evaluation should always be performed for Cpc-
PH diagnosis in case of clinical suspicion. Due to the absence of
uniform consensus on the criteria for the diagnosis of Cpc-PH,
effective treatment options have not yet been developed. Herein,
we report a patient with Cpc-PH and co-existing multiple
cardiac comorbidities partially treated by eliminating one of the
suspected causes of Cpc-PH.

Abbreviations: Af, Atrial fibrillation; AFL, atrial flutter; Cpc-PH, combined
pre- and post-capillary PH; DPG, diastolic pressure gradient; Ipc- PH,
isolated post-capillary PH; LA, large left atrium; LVEDP, left ventricular
end-diastolic pressure; mPAP, mean pulmonary artery pressure; NT-pro
BNP, N-terminal pro-brain natriuretic peptide; NYHA class, New York
Heart Association functional classification; PAWP, pulmonary artery
wedge pressure; PH, Pulmonary hypertension; PH-LHD, Pulmonary
hypertension due to left heart disease; PVR, pulmonary vascular
resistance; RHC, right heart catheterization; ASD, secundum atrial septal
defect; CTS, triatriatum sinister.

Case presentation

A 62-year-old woman with long-term PH, valvular
heart disease, atrial fibrillation (Af), and atrial flutter (AFL) on
amiodarone, spironolactone, and valsartan/hydrochlorothiazide
was admitted to the intensive care unit because of progressive
dyspnea and bilateral lower limb edema for over 2 weeks.
On physical examination, she was found to have bilateral
basal rales, orthopnea, and grade IV bilateral lower-limb
edema. The clinician-assessed New York Heart Association
functional classification (NYHA class) was Grade III-IV.
Chest radiography revealed an enlarged cardiac profile and
lung congestion (Figure 1, Panel A). Electrocardiography
revealed an AFL with biatrial enlargement. The N-terminal
pro-brain natriuretic peptide (NT-pro BNP) level was
7,790 pg/ml on the day of admission. Transthoracic
echocardiography revealed a hyperdynamic heart (ejection
fraction >70%) with moderate aortic-mitral regurgitation and
a large left atrium (LA). Additionally, the LA was bisected
by a membranous structure into two distinct chambers
(proximal and distal chambers) without a transmembrane
pressure gradient on color Doppler, which suggested a non-
obstructive cor triatriatum sinister (CTS) and secundum
atrial septal defect (ASD) underneath. Subsequent three-
dimensional transesophageal echocardiography confirmed
the presence of a 1.5 cm secundum ASD in the distal LA
chamber. Nuclear imaging and computed tomographic
pulmonary angiography excluded the possibility of chronic
thromboembolic disease. After heart failure was controlled
with intravenous diuretic medication, cardiomegaly improved
(Figure 1, Panel B), NT-pro BNP levels decreased (Figure 1,
7,790 to 1,904 pg/mL), and lower limb edema reduced.
Hemodynamic evaluation with right heart catheterization
(RHC, Table 1) showed moderate PH, probably because
of the prevalent systemic-to-pulmonary shunt, without a
significant pressure gradient between the proximal and
distal chambers of the LA. This improvement in the clinical
condition after intensive care with diuretic agents, however,
was not long-lasting. After 1 week of follow-up, NT-pro
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FIGURE 1

Left heart disease progression after ASD closure. Serial chest radiographs (arrows indicated the timeline of CXR) and heart failure markers (NT
proBNP & Echocardiography) before and after ASD closure. (A) CXR: cardiomegaly, moderate right-side pleural effusion, and bilateral lung
congestion (B) CXR: pleural effusion and lung congestion improved after diuretics (C) CXR: minimal pericardial effusion (triangle) 2.5 months
after closure, arrowhead: ASD occluder (D) CXR: evident right pleural effusion (asterisk) with increased lung congestion 8 months after closure,
arrowhead: ASD occluder. NT-pro BNP initial drop following ASD closure, gradually re-climbed 14-20 months later. Note that the climbing
velocity is slower than that seen before ASD closure. In addition to the improving hyperdynamic LVEF and progressive enlarged LA volume, the
other echocardiography parameter seems to have no significant change during the 20-month follow-up. ASD denotes atrial septal defect; CXR,
chest X-ray; NT-pro BNP, N-terminal pro-brain natriuretic peptide; LVEF, left ventricular ejection fraction; LAEDVI, left atrial end-diastolic volume
index; MV, mitral valve; DecT, deceleration time; LVID, left ventricular internal diameter; NYHA Fc, New York Heart Association Functional class.

BNP levels had increased to pre-treatment levels (1,904–
67,25 pg/mL). Total surgical structural correction (CTS
resection, ASD closure, and mitral and aortic valvular
repair) was planned; however, the patient declined to
undergo this procedure. The patient eventually underwent
transcutaneous ASD closure using an 18-mm Amplatzer

septal occluder, following which trivial residual interatrial
shunting was detected on color Doppler echocardiography
(Figure 2). The patient’s condition improved significantly
for several months after transcutaneous closure of the ASD.
However, with time, the heart failure worsened (Figure 1, NT
proBNP).
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TABLE 1 Right heart catheterization after heart failure control.

PAP (s/d/m), mmHg 69/20/36

PAWP (s/d/m), mmHg 15/15/12

LVP (s/d/m), mmHg 152/12/21

RAP (s/d/m), mmHg 13/10/7

LAP (s/d/m), mmHg 16/13/11

PVR, WU 4.06

TPG, mmHg 24

DPG, mmHg 8

Qp, L/min 5.91

Qs, L/min 2.74

Qp:Qs 2.16

Discussion and conclusions

Hemodynamic evaluation and
correlation in the presence of multiple
cardiac comorbidities

The RHC data ostensibly fulfilled the criteria for pre-
capillary PH (6). However, when interpreting these values,
we need to take into consideration that the patient’s volume
status may have influenced the pulmonary hemodynamics and
the subsequent measurements. As the patient had undergone
diuretic treatment before right heart catheterization, the

measured pulmonary arterial wedge pressure (PAWP) may have
been erroneously reduced to < 15 mmHg (1, 7). Left ventricular
end-diastolic pressure (LVEDP), a more reliable surrogate for
left atrial pressure, was 21 mmHg; however, in the presence
of mitral and aortic valve disease, PAWP and LVEDP may
not be assumed to be interchangeable (7, 8). Furthermore, the
patient’s diastolic pressure gradient (DPG) and transpulmonary
pressure gradient (TPG) were 8 and 24 mmHg, respectively,
which implied the combined presence of passive and reactive PH
(1, 3, 9), making Cpc-PH the most likely assessment.

Role of atrial septal defect closure

The key indication to close ASD in PH is the value of
pulmonary vascular resistance (PVR) or pulmonary vascular
resistance index (PVRI) (1). The ESC recommendations (1) for
the correction of prevalent systemic-to-pulmonary shunts in PH
are a PVR < 2.3 Wood units (WU) (PVRI < 4 WU.m2) for it to
be correctable, > 4.6 WU (PVRI > 8 WU.m2) for it to be not
correctable, and between 2.3 and 4.6 WU (PVRI 4–8 WU.m2)
to require individualized evaluation, which was the case in our
patient. In patients with a 1.5-cm isolated ASD, who are likely to
be asymptomatic, the magnitude of the left-to-right shunt with
multiple structural anomalies and arrhythmia remains unclear,
for it is unknown whether the left-sided filling pressure is
also increased (10). Recently, a prospective study used baseline

FIGURE 2

Residual ASD shunt. Transthoracic echocardiography demonstrated residual shunting (arrow) through the waist of the ASD device. ASD denotes
atrial septal defect; CTS denotes cor triatriatum sinister; LA denotes left atrium.
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PAPm to predict whether PAPm could further decrease after
ASD closure in 209 patients with PH (11). The optimal cutoff
value of baseline PAPm without PAH-specific medication was
35 mmHg (the area under the curve was 0.919, p < 0.001),
which is nearly equal to that of our patient (PAPm:36 mmHg).
ASD closure may block the left-to-right shunt, but the long-term
effect of the absence of decompression for irreversible PH (12)
warrants future research.

Strengths and limitations of
management

Transcutaneous closure has significant benefits in ASD
patients with PH owing to its minimal invasiveness and
low complication rates. However, if a patient is undergoing
other cardiac surgeries, the surgeries are typically performed
together. CTS is a rare congenital cardiac anomaly in which
a fenestrated fibromuscular membrane subdivides the LA into
two chambers. When the fenestration is small, the obstruction
mimics mitral stenosis, which may further aggravate Af (13) and
increase the risk of stroke (14). Surgical resection of the CTS
membrane seems curative; however, our experience indicates
that transcutaneous balloon dilatation can also achieve clinical
improvement (15). Given that Doppler color flow mapping
with RHC data showed no transmembrane pressure gradient
in our patient, surgical resection was probably not the ideal
choice. According to the American Heart Association guidelines
on valvular heart disease, valve replacement is a reasonable
approach in patients with moderate AR or MR undergoing other
cardiac surgeries (16).

The serial quantitative echocardiography demonstrated
normalized hyperdynamic left ventricular ejection fraction
(from 78.34 to 58.73%) and functional class. Concerning
the absence of sepsis or any other form of non-traumatic
shock, ASD-related significant systemic pulmonary shunting
might be a reasonable explanation for hyperdynamic left
ventricular ejection fraction. The severity of aortic regurgitation
represented by the left ventricular volume seemed unchanged
compared with that before ASD closure. Notably, the left
atrial volume increased one month following percutaneous
ASD closure. With multifactor such as poorly controlled atrial
fibrillation/flutter or perhaps worsened mitral regurgitation,
making it hard to differentiate from effect after ASD closure. It
seems that the rate of worsening heart failure, as represented
by NT-pro BNP (Figure 1), is slower after ASD closure than
before. The long-term outcome of intra-atrial shunt blockade
in our patients with combined pre- and post-capillary PH
remains unknown, and to the best of our knowledge, no
relevant investigations have been conducted. However, the
current evidence of persistent PH with ongoing worsening of LV
function suggests that partial repair of Cpc-PH may be achieved
by eliminating the pre-capillary component in a short period
of palliation. This suggests that total correction of structural

anomalies should be considered in the management planning of
Cpc-PH due to the complex hemodynamic situation.
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Case report: Spontaneous
closure of ventricular
pseudoaneurysm post-acute
myocardial infarction with
non-surgical therapy

Xinxin Shuai, Xiajun Hu* and Yumiao Wei*

Department of Cardiology, Union Hospital, Tongji Medical College, Huazhong University of Science

and Technology, Wuhan, China

Left ventricle (LV) pseudoaneurysm is a rare disorder post-acute myocardial

infarction (AMI). Resection or closure of the pseudoaneurysm by surgery is

recommended due to the high propensity of pseudoaneurysm rupture while

surgery has also high risks. Conservative therapy could be acceptable in small

pseudoaneurysms or patients with high surgical risks. Nevertheless, the risk

evaluation and grasp of indication are not clear. This case reported an acute

cyst-like LV pseudoaneurysm formation post-AMI-induced myocardial free

wall rupture (MFWR), and the patient recovered with spontaneous closure of

the fissure and shrinkage of the LV pseudoaneurysm through non-surgical

therapy. Based on the observations in the echocardiogram, we proposed that

intermittent closing of the fissure and interruption of the blood flow between

the LV and the pseudoaneurysm due to LV contraction alleviated stress

change on the pseudoaneurysm. The narrow fissure, small pseudoaneurysm,

and intermittently interrupted blood flow that benefit fissure healing and

pseudoaneurysm stabilization could indicate the prognosis of this patient.

Drugs like β-blocker that decreased the stress on the pseudoaneurysm also

led to the risk reduction of pseudoaneurysm rupture. To our knowledge, this

is the first case that reports a spontaneous closure of LV pseudoaneurysm.

The size of the fissure and the pseudoaneurysm, as well as the corresponding

hemodynamic state, could be valuable to evaluate the risk and prognosis of

the pseudoaneurysm. Optimized medical management was also helpful to

pseudoaneurysm stabilization.

KEYWORDS

ventricular pseudoaneurysm, myocardial infarction, shape, hemodynamic,

conservative therapy, outcomes

Introduction

Left ventricle (LV) pseudoaneurysm formation is a rare complication of acute

myocardial infarction (AMI) with a poor prognosis (1). It is a consequence of myocardial

free wall rupture (MFWR), followed by pericardial adhesions, enclosing the fissure

to form a fibrous chamber, and keeping interflow with the ventricular chamber.
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Pseudoaneurysm commonly occurs in the posterior or

lateral wall of LV, with an incidence of 0.1% in MI (2). A

pseudoaneurysm is more dangerous than a true aneurysm

because of the high propensity to rupture and sudden death (3).

Other symptoms could be congestive heart failure, arrhythmia,

or thrombosis. Some patients could be asymptomatic and

the illness can be discovered by imaging examination.

Pseudoaneurysm resection or closure through surgical

intervention (3) is the major therapeutic strategy; meanwhile,

conservative therapy is also observed in some cases. However,

a detailed information about risk evaluation, strategy making,

long-term management, and associated outcomes is not clear.

Here, we firstly reported an acute cyst-like LV pseudoaneurysm

formation post-AMI; the patient recovered with spontaneous

closure of the fissure and shrinkage of the pseudoaneurysm

through non-surgical therapy. The width of the fissure that

determines whether the fissure could be closed, and the blood

flow could be interrupted during myocardial contraction could

be an important parameter to evaluate the pseudoaneurysm

risk and prognosis of the patient. The case will be presented in

accordance with the CARE reporting checklist.

Case description

A 53-year-old male patient was admitted to CCU because

of sudden syncope for 8 h, which was preceded by intermittent

chest pain for 3 days, while the patient did not seek medical

attention. He had a history of hypertension and diabetes

mellitus for 2 years without medical intervention, his home

blood pressure (BP) was about 160/80 mmHg, and his blood

glucose was not monitored. He also had a smoking history

of 20 years. No family history or psychosocial history was

declared. The electrocardiogram (ECG) of the patient showed

ST segment elevation in leads II, III, aVF, V5-V6, and V7-

V9, which suggested inferior-, posterior-, and lateral-wall AMI

(Figure 1A). Primary percutaneous coronary intervention (PCI)

of the occlusive proximal segment of the left circumflex

(LCX) coronary artery (Figure 1B) was successfully performed

(Figure 1C). The blood pressure of the patient was 96/60

mmHg, and the resting heart rate (HR) was 118 beats

per minute (bpm). He had impaired hepatic function, with

alanine aminotransferase (ALT) raised to 3,751 U/L (normal

< 40 U/L), and aspartate aminotransferase (AST) elevated

to 6,804 U/L (normal < 40 U/L). Creatinine was elevated

to 393.8 µmol/L (normal 44–133 µmol/L). Arterial blood

gas analysis showed decreased pH level (7.27) and elevated

lactate level (5.7 mmol/L). The patient performed typical

symptoms of shock that cannot be attributed to simple

LCX proximal segment occlusion. A bedside transthoracic

echocardiography (TTE) was urgently performed and found

mild pericardial effusion. Chest CT (CT) further confirmed

that the pericardium effusion was bloody (Figure 1D). Subacute

cardiac rupture and pericardial tamponade were highly

suspected. Emergency pericardiocentesis and drainage of

bloody effusion were subsequently performed. The BP of the

patient rapidly raised to 168/90 mmHg, the HR reduced

to 90-100 bpm, and shock-associated symptoms were also

relieved. A cardiac surgeon was called for an emergency

consultation. The surgical department estimated that surgery

was recommended, while the postoperative risk was high in this

patient. After adequate notification of the therapeutic strategies

and associated prognosis, the patient and his family finally

chose conservative intervention instead of surgery. However,

subsequent TTE reexamination revealed the presence of a

2.1∗1.1 cm pseudoaneurysm with a width of 0.3 cm fissure in

the lateral wall that connected the LV and the pseudoaneurysm

(Figures 1E,F), while cardiac magnetic resonance (CMR) also

demonstrated the LV pseudoaneurysm formation (Figure 1G).

Interestingly, during diastole, the blood flowed between the

LV and pseudoaneurysm (Figure 1E, Supplementary Video 1);

while during systole, the fissure was closed due to myocardial

contraction, and the blood flow was subsequently interrupted

(Figure 1F). Comprehensively considering the risk of the disease

and the willingness of the patient, we carried out a conservative

strategy. Aspirin and ticagrelor were continuously prescribed.

Betaloc was also used in sufficient doses, aiming to decrease

the stress on the fissure and the pseudoaneurysm. A low dose

of diuretics was reserved to gently reduce volume overload.

Twenty-eight days later, the patient was discharged without

any symptoms, such as dyspnea or chest pain. The pre-

discharge TTE still observed a 1.5∗1. pseudoaneurysm with a

0.3 cm-wide fissure, and the ejection fraction of LV was 55%.

One month after discharge, the patient came for a follow-

up. TTE showed that the LV pseudoaneurysm was reduced

to 1.7∗.7 cm, and the fissure was 0.2 cm. Mild pericardial

effusion was still observed without any symptoms. One year

later, TTE reexamination revealed that the LV pseudoaneurysm

was only about 0.3∗0.5 cm, and the fissure was closed without

blood flow between the ventricle and the pseudoaneurysm

(Supplementary Figure 1, Supplementary Video 2). Meanwhile,

pericardial effusion was not observed anymore. The clinical

diagnosis and treatment timeline of the patient was summarized

in Figure 2.

Discussion

Pseudoaneurysm is fatal because of the risk of rupture.

According to previous literature (Table 1), most patients

accepted surgical therapy. The outcomes were diverse in

different clinical centers, operation associated mortality ranged

from 0 to 35.7% (1–3, 5–11), mortality during follow-up

ranged from 0 to 31% (1–6, 8–11), and patients with acute

pseudoaneurysm or high surgical risks had higher mortality

(3). The mortality of conservative therapy was also discussed

in some studies with a small sample size, which appeared to

be higher than surgical therapy (1, 4, 5, 7, 11). Meanwhile,
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FIGURE 1

Clinical data of the patient with LV pseudoaneurysm post-acute myocardial infarction. (A) ECG showed acute inferior-, posterior- and lateral

wall myocardial infarction. (B) Coronary angiography showed LCX acute occlusion. Yellow arrows indicated the occluded point of the LCX. (C)

The primary percutaneous coronary intervention of LCX. A yellow arrow marked the revascularization of the proximal segment of the LCX. (D)

CT demonstrated hemopericardium which was marked by yellow arrows. (E) TTE showed an LV pseudoaneurysm formation and blood between

the pseudoaneurysm and LV during the diastolic period. (F) TTE showed blood flow interruption during the systolic period. (G) CMR confirmed

LV pseudoaneurysm formation in the lateral wall, which is marked by the yellow arrow. LV, left ventricle; ECG, electrocardiogram; LCX, left

circumflex; TTE, transthoracic echocardiography; CMR, cardiac magnetic resonance imaging.

some retrospective studies reported patients with chronic small

(<3 cm in size) LV pseudoaneurysm or patients with high

surgical risks could be managed conservatively (12). Based

on these data, surgery should be the first choice for patients

with pseudoaneurysms, while conservative therapy could be

acceptable in some special situations. The question is how

to evaluate the risk and prognosis for each patient. Our

patient surprisingly underwent a spontaneous closure of the

pseudoaneurysm without surgery, which was not reported

since. Several case reports also gave detailed information about

patients with non-surgical therapy (13–15), while all these

pseudoaneurysms kept the same or expanded size. The factors

that participated in the closure of pseudoaneurysm in our case

is worthy of discussion. Since ventricular anatomy is important

in maintaining cardiac function (16), the anatomic and

corresponding hemodynamic change due to pseudoaneurysm

formation in the LV could give some indications.

Pseudoaneurysm keeps blood flow with LV, bearing stress

from the ventricular chamber and pericardial cavity. With the

movement of LV, altering stress could result in pseudoaneurysm

expansion or even rupture. Through TTE and CMR, we

observed a specific cardiac movement pattern in our patient

with a small pseudoaneurysm, which is dissimilar from a

big pseudoaneurysm that continuously keeps a connection

with LV (17, 18). We made a schematic diagram to illustrate

the hemodynamic state. In a small pseudoaneurysm with a

narrow fissure, the fissure relaxes and blood flows between

LV and the pseudoaneurysm during the ventricle diastole.
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FIGURE 2

Clinical diagnosis and treatment timeline of the patient. STEMI, ST-segment elevation myocardial infarction; PCI, percutaneous coronary

intervention; DAPT, dual-antiplatelet therapy; SAPT, single antiplatelet therapy; ARNI, angiotensin receptor, and neprilysin inhibitor.

In this period, LV pressure is low, and stress endured by

the pseudoaneurysm is small. Meanwhile, the pressure from

the pericardial due to the presence of effusion provides

centripetal force in the pseudoaneurysm, offsetting the pressure

from the ventricle. During cardiac systole, the fissure is

tightened because of ventricular wall contraction, resulting in a

temporary partition between the pseudoaneurysm and the LV.

Pressure in the pseudoaneurysm was not influenced by sharply

increased LV pressure (Figure 3A, Supplementary Video 1).

As with a big pseudoaneurysm with a wide fissure, the

pseudoaneurysm keeps blood transfer with LV, the stress and

shape change are continuously influenced by the changing LV

pressure (Figure 3B), resulting in worse cardiac function and

pseudoaneurysm instability. Therefore, we conclude that for

small pseudoaneurysms with narrow fissures, LV contraction

tends to promote the rupture healing by tightening the fissure,

and patients with conservative therapy may survive under

this condition. While a big pseudoaneurysm keeps consistent

and unstable blood flow with LV, conservative management

is associated with higher mortality. This is an uncommon

case that reported a spontaneous closure of ventricular

pseudoaneurysm, while similar cases or clinical studies are not

retrieved. Torchio et al. also recently mentioned that the size

of the pseudoaneurysm could partly determine the intervention

strategy (19), while due to the limited case, further observations

are needed to promote our cognition.

Concerning to medical therapy, long-term medication of

ACEI/ARB or β-blocker was observed in some conservative

cases (13–15). Some studies retrospected clinical characteristics

of MFWR and a summarized higher ACEI/ARB and β-blocker

coverage was associated with lower in-hospital incidence and

mortality (20). Nonetheless, there is no evidence-basedmedicine

supporting the efficiency in pseudoaneurysm formation post-

MFWR. For patients who suffered acute pseudoaneurysms

without surgical therapy, promoting rupture repair could be

more important. ACEI/ARB was avoided in the early stage

because of their inhibition of blood pressure and cardiac

fibrosis. Oral β blocker is prescribed because β-blocker can block

catecholamine adrenergic receptors-mediated cardiotoxicity in

MI. In this patient, β-blocker prolonged ventricular diastolic

time to increase returned blood volume. On the other hand,

the negative inotropic effect reduced the myocardial stretch on

the fissure and the pseudoaneurysm. Through these methods,

the pseudoaneurysm was placed in a relatively stable mechanical

environment, which reduced the risk of rupture and strove for

the opportunity of myocardial wound healing.

In some cases, or small retrospective analysis, mechanical

circulatory support (MCS) could be beneficial in stabilizing

the hemodynamic conditions in patients with mechanical

complications post-AMI and building a bridge to a safer

timing of surgery. For example, La Torre et al. (21) described

their first experience in the use of Impella in patients with

cardiogenic shock due to acute ventricular septal defect (VSD)

post-AMI. Patanè et al. (22) also confirmed the advantages of

Impella in improving patients’ hemodynamic state and survival

rate. Extracorporeal membrane oxygenation (ECMO) support
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TABLE 1 Summary of clinical investigations about LV pseudoaneurysm.

Ref/Year Size of

pseudo-aneurysm

(cm)

Patients with

surgery

Operation related

mortality

Follow up mortality in

surgical patients

Patients with

conservative therapy

Follow up mortality in

conservative patients

Frances et al. (4)/1998 6.0 (1.5, 20.1) 193 / 23% 31 48%

Tiong et al. (5)/1998 / 42 7% 31% 10 60%

No cardiac rupture

Yeo et al. (1)/1999 4.53± 2.03 16 13% 50% 6 83%

No cardiac rupture

Prêtre et al. (6)/2000 / 10 30% 30% / /

Moreno et al. (7)/2003 9.8± 6.9 1 0% 0% 10 20%

No cardiac rupture

Lafci (8)/2006 / 8 12.5% 1 CHF / /

Eren et al. (2)/2007 4.7± 0.48 14 35.7% 1 sudden death / /

1 cancer

Fernando et al. (9)/2007 / 30 20% 27% / /

Narin et al. (10)/2008 / 5 0% 0% / /

Prifti et al. (3)/2017 4.2± 0.7 12 30.8% 15% / /

Zhong et al. (11)/2022 / 10 0% 0% 7 42.9%

Ref, reference; CHF, chronic heart failure.
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FIGURE 3

Hemodynamic characteristics of LV pseudoaneurysm with di�erent shapes. (A) Hemodynamic diagram of small LV pseudoaneurysm with

narrow fissure. (B) Hemodynamic diagram of big LV pseudoaneurysm with wide fissure.

in patients with MFWR was also reported as a single case

(23, 24), although the anticoagulation strategy was not clearly

described. Compared with Impella and ECMO, Intraaortic

balloon counterpulsation (IABP) is a more available device.

Even though IABP-SHOCK trials concluded that IABP did

not reduce short and long-term mortality in patients with

cardiogenic shock (25, 26), IABP is still commonly used in

acute VSD post-AMI, while the usage in patients with MFWR

or LV pseudoaneurysm was not reported (27). Meanwhile, the

adverse effects of mechanical device implantation should be

noticed. Further trials are needed to optimize the MCS strategy.

In our patient, hemodynamic instability was rapidly relieved

after pericardiocentesis, we evaluated that MCS was unnecessary

after weighing the benefits and risks of this approach.

Conclusion

This is the first case report of spontaneous closure of

a pseudoaneurysm post AMI with non-surgical therapy.

The shape and movement pattern of the pseudoaneurysm

could promote rupture healing. Careful conservative

management based on stress control and wound healing

synergistically facilitated the healing process. This case

highlights the importance of shape characteristics and

hemodynamic state of a pseudoaneurysm in the risk and

prognosis evaluation. With the limitation of the number

of cases, whether the experience can be expanded or

even provide information for clinical decision need to be

further investigated.
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Case report: Remedial surgical
treatment of aorto-duodenal
fistula with infected aneurysm
after endovascular aortic repair
Wen-Dong Li, Guang-Yan Wu, Bin Song, Jie Zhao,
Xiao-Qiang Li* and Min Zhou*

Department of Vascular Surgery, The Affiliated Drum Tower Hospital of Nanjing University Medical
School, Nanjing, China

Aorto-duodenal fistula (ADF) is a rare cause of upper gastrointestinal bleeding,

but it is associated with high mortality. It usually occurs in patients with prior

aortic surgery or who have undergone aortic graft placement. Abdominal

aortic aneurysm (AAA) might be a cause of primary ADF, which could develop

into sudden shock. Because ADF is difficult to diagnose, surgery to correct

it has a poor outcome. We here report the successful treatment of an

ADF complicated with infected AAA after endovascular repair of a ruptured

aneurysm of the iliac artery.

KEYWORDS

aorto-duodenal fistula, infected aneurysm, endovascular aortic repair complications,
aortic abdominal aneurysm, ruptured iliac artery aneurysm

Case report

A 71-year-old man underwent two rounds of endovascular repair treatment for
rupture of an aneurysm of the right iliac artery 6 months prior to the index operation.
He presented with recurrent hematemesis, melena, and intermittent fever. He was
treated with antibiotics according to the findings of the bacteriology examination
of blood samples. PET-CT suggested a gastrointestinal stromal tumor surrounding
the abdomen. Emergency endoscopy revealed a fistula of duodenum and minor
hemorrhage. The fistula was found in the horizontal part of duodenum. Computed
tomography angiography (CTA) scan had revealed an infected abdominal aortic
aneurysm (iAAA) with low-density image surrounding the AAA and the right iliac
artery (Figure 1). However, there was no evidence of contrast leakage into the intestinal
tract. Blood tests at the time of the patient’s arrival revealed severe anemia, renal
dysfunction, elevated white blood cell count, and high levels of serum procalcitonin
and C-reaction protein. Blood culture found Escherichia coli, which was sensitive to
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FIGURE 1

Images of CTA and endoscopy before treatments. (A) Endovascular repair and drainage had been performed when the patient was hospitalized.
(B–D) A low-density shadow hinting at an abscess in the right psoas major muscle and around the stenting. (E) Fistulae in the horizontal part of
duodenum found via endoscopy.

vancomycin. Based on these findings, aorto-duodenal fistula
(ADF) and iAAA were suspected.

After a week of antibiotic therapy with vancomycin
(500 mg), the fever was controlled. Then, a series of surgeries
were performed. The stents in the aneurysm were removed
using an injector and supra (Figure 2) or infrarenal aortic
cross-clamping technique. First, the artery was clamped at the
suprarenal aortic site. The primary purpose of this was to
reduce blood loss, but it also rendered the endograft easier to
remove. After the graft was removed, we clamped the infrarenal
aortic site to restore the blood flow to the kidney and prevent
renal failure. The aortic aneurysm was replaced in situ with an
artificial blood vessel made in-house using bovine pericardium
biological mesh. The distal end of this artificial blood vessel was
sutured to the left common iliac artery. The right common iliac
artery and right internal iliac artery were surrounded with pus,
which was removed carefully. The stumps of the two arteries
were ligated. Femoral artery bypass grafting was performed to
restore circulation in the right lower extremity.

There were two 3-mm-wide fistulas between the anterior
wall of the AAA and the horizontal part of the duodenum. This
was consistent with the findings of endoscopy. The perforated
region of the duodenum was resected. A gastrojejunal Roux
anastomosis was performed. The cavity was irrigated with 10 L
of saline. The momentum was placed between the aorta and
duodenum. Many scattered nodules were found around the

abdomen. The results of the histological examination showed
that chronic inflammatory cells had focally infiltrated into the
aneurysmal wall, and that the nodules, which PET-CT suggested
could be gastrointestinal stromal tumors, were verified as
Schistosoma eggs. Bacterial culture of the pus in the aneurysm
showed Escherichia coli infection, as in the blood culture before

FIGURE 2

Images taken during the operation. (A) The stent in the
abdominal artery was removed using an injector. (B,C) Pus and
fistula were found surrounding the horizontal part of
duodenum. (D) The infected abdominal aortic artery was
replaced with a bovine pericardium biological mesh. There were
many small masses around the abdomen. Pathological analysis
showed this mass to be Schistosoma eggs. (E) A schematic
diagram of the surgery in the horizontal part of duodenum.
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FIGURE 3

CTA result at 1 month after the operation. Abscesses in the abdomen were cured. The bypass vessels and the lumen were unobstructed.

surgery. Antibiotic therapy was maintained postoperatively for
at least 6 months with no evidence of recurrent infection as of
6 months into follow-up. There was no blockage of the aorta
and femoral artery bypass graftings at CTA 3 months after the
indexed operation.

Discussion

Aorto-duodenal fistula is the most common aorto-enteric
fistula (1). It most commonly originates from an atherosclerotic
AAA (2). It usually involves at the third or fourth duodenal
segment, presenting with upper gastrointestinal bleeding but
not obstructive syndrome. This may be primary caused by
spontaneous communication between the lumen of aortic
aneurysm and the intestinal loop, or secondarily caused by
surgical repair of aneurysms, becoming detectable months or
even years after surgery (1, 3). ADF should be considered
for patients with upper gastrointestinal bleeding and a history
of surgery with artificial blood vessels or stents in the aorta.
Endoscopy combined with CT angiography or arteriography
could confirm a definitive diagnosis (4). Delay in diagnosis and
treatment has been historically associated with extremely high
mortality (5).

Aorto-duodenal fistula management goals include
maintaining distal perfusion after controlling the hemorrhage
and preventing recurrent infection (6). Once ADF is diagnosed,
preventive measures, such as antibiotic therapy, delicate surgery
for eradication of septic focus with thorough debridement
of infected and devitalized tissue, and reconstruction of the

excised aorta by extra-anatomic or an in situ route, are required
(7, 8). For patients with hemodynamic instability, EVAR can
serve as a bridging therapy in cases with problematic bleeding.
It can seal the fistula and stop bleeding rapidly (9, 10). For
patients with severe purulent infection in AAA and periaortic
tissue, extra-anatomic bypass was suggested to be an alternative
approach for treatment (11). However, results have shown this
method to have a high mortality rate because of high risk of
limb loss and aortic stump blowout. In situ reconstruction could
be performed by homograft, antibiotic-impregnated prosthetic
graft, or autologous femoral vein graft. The results of this
treatment might depend on the patient’s condition, the extent
of vascular disease, and the virulence of the bacteria (8, 12, 13).
In this case, the infected aortic artery was replaced in situ with
an artificial blood vessel made by bovine pericardium biological
mesh. It also produced good results in the reconstruction of
the infected aorta. For the duodenal fistula and infection in
the abdomen, gastrojejunal Roux anastomosis was performed.
This treatment also produced good results in the repair of the
duodenal fistula (Figures 2, 3).

Conclusion

We here reported a case of ADF complicated with iAAA.
Diagnosis was made via CTA and endoscopy. Explorative
laparotomy, including removal of stents and AAA placement
of an artificial blood vessel made of bovine pericardium with
biological mesh, grafting of the femoral artery bypass, removal
of pus from the right iliac artery, resection of the perforated
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region of the duodenum, and gastrojejunal Roux anastomosis,
was performed with excellent results.
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Considering the pandemic of both cardiovascular diseases and oncological

diseases, there is an increasing need for the use of chemotherapy, which

through various pathophysiological mechanisms leads to damage to heart

function. Cardio toxicity of chemotherapy drugs can manifest itself in a variety

of clinical manifestations, which is why establishing a valid diagnosis is a real

mystery for clinicians. Acute systolic heart failure (AHF) due to the use of

5-fluorouracil (5-FU) is a rare occurrence if it is not associated with myocardial

infarction, myocarditis or Takotsubo cardiomyopathy. Therefore, we decided

to present a case of an 52-year-old male whowas diagnosed with stage IV RAS

wild-type adenocarcinoma of the rectum and in whom the direct toxic e�ect

5-FU is the main reason for the appearance of toxic cardiomyopathy.

KEYWORDS

cancer, 5-fluorouracil, toxic myocardial damage, cardiomyopathy, acute

coronary syndrome

Introduction

The application of both chemotherapy and targeted therapy has greatly improved the

outcome of cancer patients, however, there is a large amount of evidence that indicates

potential cardiotoxic complications of their use (1–3). Manifestation of the cardiotoxic

effect of the administered drug can endanger the patient’s life in two ways, both by direct

impact on cardiac function and by the indicated discontinuation of the antineoplastic

drug, which can worsen the prognosis of the oncology patient. Diagnosing cardiotoxicity

is a difficult differential diagnostic task, because despite the well-known time correlation

between receiving antineoplastic therapy and damage to heart function, the clinical

picture of patients can be different. The cardiotoxic effect of specific therapy can be

accompanied by minimal symptoms to severe AHF.

Fluoropyrimidines (5-fluorouracil and capecitabine) are antineoplastic drugs that

have the most negative effect on the cardiovascular system, leading to anginal complaints

such as stable angina pectoris, acute coronary syndrome (ACS) or the development of
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heart failure (4–6). Acute systolic heart failure due to 5-

FU administration is rare unless associated with myocardial

infarction, diffuse coronary vasospasm, toxic myocarditis, or

Takotsubo cardiomyopathy (7). The most common adverse

reaction caused by oxalipatin include nausea, vomiting, acute

and cumulative peripheral sensory neuropathy and allergic

reactions (8). As for cardiotoxicity, QT prolongation and

ventricular arrhythmias have been reported after oxaliplatin

(9), but direct toxic effect to the heart has rarely been

described (10, 11). In order to prove the exclusive cardiotoxic

effect of drugs as the cause of cardiac disease, in addition

to the basic diagnostic methods [electrocardiogram (ECG),

echocardiographic examination, and laboratory biomarkers

of heart damage (brain natriuretic peptide- BNP; NT pro

BNP)] for establishing a final diagnosis, it is recommended

coronary angiography and cardiomagnetic resonance of the

heart (CMR) (12). Not infrequently, intravascular ultrasound

(IVUS) is performed which is an intravascular imaging modality

primarily used in interventional cardiology to characterize lesion

morphology, quantify plaque burden, guide stent sizing, assess

stent expansion, and identify procedural complications. IVUS

assessment can distinguish between calcified plaque, lipid, and

neointimal proliferation.

According to the consensus of experts of the European

Association of Cardiologists (ESC), Cancer therapeutics–related

cardiac dysfunction (CTRCD) is defined as a decrease in the

left ventricle ejection fraction (LVEF) of > 10 percentage

points, to a value below the lower limit of normal (13). The

presence of atherosclerotic plaques on angiography requires an

assessment of their functional significance. Also, the possibility

of existence an acute myocardial infarction (AMI) without

obstruction of the blood vessels of the heart -MINOCA requires

additional evaluation of the patient and the application of more

sophisticated methods of proving myocardial damage. It is very

important to differentiate these conditions in oncology patients,

not only because of the application of different therapeutic

modalities, but also because of the continuation of the treatment

of the primary disease.

Case report

A 52-year-old male, current heavy smoker, with no known

comorbidities, was diagnosed with stage IV RAS wild-type

adenocarcinoma of the rectum, with metastases in the liver and

retroperitoneal lymph nodes in April 2022. About 2 weeks prior

to the start of chemotherapy, he had been seen by a cardiologist

due to asymptomatic ventricular extra systoles seen on routine

ECG. At that time echocardiogram was unremarkable with

LVEF of 65%; LV had normal end-diastolic diameter (EDD)

and end-systolic diameter (ESD) (EDD/ESD−52 mm/33mm).

No disturbances were registered in segmental LV kinetics. LV

diastolic function was preserved.

Upon admission to the Department of Oncology, he

was started on FOLFOX-6 chemotherapy with planned

administration of panitumumab, as per current guidelines (14).

Panitumumab infusion was planned on day 3 of treatment, for

technical reasons. He received 85 mg/m2 of oxaliplatin, followed

by 400 mg/m2 leucovorin, 400 mg/m2 5-FU i.v.bolus and 2400

mg/m2 continuous infusion of 5-FU over 46 h. Approximately

24 h into the continuous 5-FU infusion he started complaining

of pain in the epigastrium that propagated toward the lower

third of the sternum and slight nausea, with no shortness

of breath, palpitations or dizziness. Infusion of 5-FU was

stopped immediately. At this time, panitumumab had not yet

been administered.

Upon examination he was hypertensive at 180/100 mmHg,

slightly tachycardic with HR of 115/min, afebrile. ECG initially

showed peaked T waves with no ST changes (Figure 1A).

Initial values of high sensitivity Troponin (Hs-cTn) were in the

reference range.

Due to persisting symptoms and evolution of ECG changes

he was transferred to cardiac intensive care unit (ICU).

Upon admission to the ICU, the patient continued to

complain of pain in the epigastrium spread to the lower third

of the sternum, nausea and sweating. Vital signs on admission

showed a heart rate of 95 beats/min, arterial blood pressure

110/80 mmHg on both arms, respiration rate 20/min, arterial

oxygen saturation 96%. During the examination, the patient

was conscious, oriented without focal neurological outbursts

and cyanosis. Signs of heart failure (gallop rhythm—present

third heart sound) and symptoms of heart failure (dyspnea,

tachypnea, orthopnea) with the appearance of late-inspiratory

crackles in the lower lung fields were registered.

In the ECG, after 10 h from the initial ECG, an evolution was

registered in relation to the previous finding (concave elevation

of the ST segment in the inferior and lateral series of leads with

frequent single VES) (Figure 1B) and at 15 h from the initial

ECG ST elevation is registered in the same series of leads with

the appearance of terminally negative T waves (Figure 1C).

On the first therapeutic day, an ECHO of the heart was

performed, where an enlarged LV was registered (EDD/ESD

LV- 65/51mm), with the presence of segmental wall motion

abnormalities of the LV. Akinesia of the apical and medial

third of the left ventricle as well as the basal segment of the

interventricular septum was registered, while the remaining

segments of the LV were hypokinetic. No signs of left

ventricular apex ballooning were observed. Estimated EF using

Simpson’s Biplane method was 15–20%. There were no signs

of valve disease or pericardial effusion. In laboratory analyses,

non-significant increase in Hs-cTnT values was registered

(12...168. . . 64..12 ng/L; ref. range< 14 ng/L). A slight increase in

Hs-cTnT was not accompanied by elevated values of creatinine

kinase (CK) (64...40...20 U/L; ref. range 0.0-200 U/L), MB

fraction of CK (CK-MB) (2 U/ L; ref. range < 25 U/L) nor

lactate dehydrogenase (LDH) [340...328 (ref. value 220-460
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FIGURE 1

Evolutionary changes in the ECG. (A) (First day-07.14 AM: ECG at initial presentation): tall, spiky T waves di�usely in the ECG. (B) (First day-07.57

PM): concave ST elevation in the inferior and lateral series of leads. (C) (First day- 22.09 PM): ST elevation in the inferior and lateral series of leads

with terminally negative T waves. (D) (Second day- 06.50 AM): negative T waves in the inferior and lateral series of leads. (E) (Fifth day- 07.00

AM): normal electrocardiogram.

U/L)]. Although we knew that Hs-cTnt can be easily elevated

in patients with AHF, such as our patient, we suspected that

it was an acute coronary syndrome. There was no increase in

inflammatory markers (CRP, leukocytes and procalcitonin) as

well as nitrogen substances and D-dimer.

In view of the clinical picture, ECG changes as well

as the findings of echocardiography, the patient underwent

cardiac catheterization, which did not register angiographically

significant narrowing of the large blood vessels of the

heart. Coronary artery vasospasm was not visualized during

coronary angiography. Considering the findings of the coronary

angiography, a working diagnosis of myocardial infarction

without obstruction of the blood vessels of the heart was made—

MINOCA (15).

In order to establish/exclude the diagnosis, the patient

underwent in the second act automated intravascular ultrasound

(IVUS) system, pull/back interrogation (0.5 mm/s) of all three

coronary arteries. IVUS showed normal trilaminar appearance

of vessel wall and absence of atherosclerotic disease. In addition,

signs of plaque rupture, plaque erosion or thrombus were not

found in either of all three coronary arteries (Figure 2).

Medical treatment continued (coronary vasodilators,

calcium channel blockers, ACE- inhibitors, beta-blockers,

low-molecular-weight heparin, diuretics with the use of

antiarrhythmic—amiodarone) in the ICU, where he was

monitored all the time. Rapid evolutionary changes on daily

basis were still registered in the ECG, and on the 2nd day of

therapy negative T waves were registered in the inferior and

lateral leads (Figure 1D) while, on the 5th day of therapy, a

normal ECG was registered (Figure 1E).

During the next 7 days, control echocardiographic

examinations were performed on several occasions. Given that

we still did not have a clear diagnosis, in order to eliminate the

differential diagnostic dilemma between myocardial infarction

without changes in the blood vessels of the heart (MINOCA) and

toxic cardiomyopathy caused by 5-FU, the patient underwent

CMR. It was performed on the seventh therapeutic day from

the onset of symptoms according to ESC recommendations

(16). Cardio magnetic resonance should have considered the

presence of scar in the endocardium/myocardium, the presence

of micro- vascular obstructions, the presence of hemorrhage in

the myocardium, myocardial edema and the detection of the

so-called “gray zone”—the zone at risk or to prove signs of the

presence of dilated cardiomyopathy caused by 5-FU.

Examination of the heart was performed in standard planes

using functional True FISP sequences and TSE morphological

sequences in three planes without contrast medium application,

as well as after contrast application with IR sequence and T1

and T2 maps using Modified Look Locker inversion recovery

(MOLLI) sequence. Reduced LV systolic function was registered

(EF 40%); LV was dilated (EDD/ESD- 62/47mm), normal

wall thickness, enlarged EDV (202ml; ref 77–195ml) and

ESV (121ml; ref 19–72ml), overall hypo contractile without

segmental LV wall abnormalities.

Post-contrast, a smaller linear zone of late gadolinium

accumulation (LGE) was observed—septal fibrosis
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FIGURE 2

Coronary findings and IVUS (Fifth day of admission) (A) LAD, left

anterior-descending coronary artery. (B) Cx, circumflex

coronary artery; (C) RCA- right coronary artery.

intramyocardially in the basal part of the septum with

inhomogeneous opacification of the entire myocardium,

primarily as part of the post-therapeutically altered myocardium

(cardio toxicity). No signs of localized edema or necrosis of LV

were registered. According to radiologists and CMR findings,

changes in the myocardium first correspond to changes in

cardiotoxicity (Figure 3).

During hospitalization, a drop in TnT was registered in the

laboratory with the normalization of natriuretic peptides.

Transthoracic echocardiography (TTE) on the fifth day

of admission revealed an enlarged LV (EDV 182ml, ESV

113ml), severely hypokinetic, with depressed EF (30%) and

spontaneous contrast within the cavity. Global longitudinal

function was significantly reduced (GLS-9.5%) with prominent

mechanical dispersion (PSD 80.5ms), detected by 2D speckle

tracking echocardiography.

Thirteen days after, TTE confirmed the presence of enlarged

LV (EDV 168ml, ESV 71ml), but with significantly better LV

EF (58%), improved global longitudinal function (−17.6%), and

significantly more synergic intraventricular contractions (PSD

44.6ms) (Figure 4).

The patient was discharged home in good general condition.

Frequent check-ups by a cardiologist are advised. Further

oncological treatment was advised based on the opinion of the

cardiology-oncology council (Supplementary Figure 1).

Discussion

Thanks to the recommendations of the ESC and the

American Heart Association (AHA), it would be logical that the

diagnosis of AMI based on the clinical picture of the patient,

ECG changes and elevated troponin values is very easy (16–18).

However, we are faced with the fact that we also have a certain

number of patients in whom the diagnosis is difficult or in whom

the diagnosis of AMI is incorrectly established. According to a

systematic review by Kwok, Chun Shing et al., which included

15 studies, it was shown that the diagnosis of AMI is missed in

1–2% of patients (19).

Reasons for missed AMI diagnosis include incorrect

electrocardiogram interpretation and failure to order

appropriate diagnostic tests. Navi et al. showed that patients

with cancer have a 3-fold higher risk of AMI compared to

patients without cancer (20). The prothrombogenic state and

hyper viscosity of blood in patients with cancer can lead to

the formation of arterial thrombosis, while the use of drugs

as part of chemotherapy can lead to endothelial cell damage

predisposing to erosion and rupture of the atherosclerotic

plaque and thus lead to AMI type I. On the other hand, AMI

Type II can be provoked by tachycardia, hypotension, hypoxia

or anemia, as well as vasospasm due to the use of chemotherapy

drugs (21).

In our patient, the presence of pain in the epigastrium

with propagation in the lower third of the sternum, changes in

the ECG and new changes in the echocardiography, which he

did not have before chemotherapy, as well as slightly elevated

values of Hs-cTnT raised suspicion that it is AMI. However,

elevated values of Hs-cTnT in AHF may be due to non-ischemic

events (e.g., increased afterload, increased preload, oxidative

stress, etc.) (22). Studies have shown that in patients with

AHF, a certain pathological stimulus can cause the release of

troponin directly from the cytosol of otherwise intact myocytes,

which are called the cytosolic pool (22). Also, the effects of

stretching, increased volume, and pressure overload that occur

with AHF should not be overlooked. Numerous stressors, such

as inflammatory mediators and neurohumoral stimulation may

also have an effect on increasing cTn values in patients with

AHF. In the ADHERE study, 75% of patients hospitalized with

AHF (67 924) had detectable levels of cTn (cTnI >0.4 ng/ml

or cTnT >0.01 µg/l). When a higher threshold for cTn values

was used (cTnI of 1.0 ng/ml or cTnT of 0.1 g/l), about 6.5%

of patients with AHF had values above this level (23). Similar

data were shown by the study of Logeart D. and colleagues

in a patient with heart failure of non-ischemic etiology (24).

In the study by You JJ and colleagues in which 2025 AHF

patients were analyzed, the prevalence of cTnI values above

the 99th percentile was registered in 34.5% of patients (25).

Increased troponin values can be detected early in chemotherapy

administration, long before LV functional damage is detected by
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FIGURE 3

CMR of the heart (Fifth day of admission). (A) Postcontrast LGE in medial septum on PSIR sequence, SAX. (B) Basal anteroseptal postcontrast LGE

on PSIR sequence, SAX. (C) Basal septum LGE phenomenon as well as pericard LGE in basal and medial lateral wall on PSIR sequence, four

chamber view. (D) Pathological postcontrast T1 mapping (values > 500ms) in basal septum, on MOLLI sequence, SAX. (E) Pathological

postcontrast T1 mapping (values > 500ms) in medial segments of all walls, circumferentially, on MOLLI sequence, SAX. (F) Pathological

precontrast T1 mapping (values > 1100ms) in basal septum and lateral wall. LGE, Postcontrast late gadolinium enhancement; PSIR, Phase

sensitive inversion recovery; SAX, short axis view; MOLLI, Modified Look Locker inversion recovery.

FIGURE 4

Assessment of LV function with TTE (On the fifth day of admission): LV systolic function was severely impaired, including impaired and asynergic

longitudinal deformations that can be appriciated from speckle tracking analysis of apical 4- chamber (A), 2-chamber (B), and 3-chamber (C)

views and globally from polar map (D). During the follow-up (eighteenth day), LV EF and longitudinal deformations significantly improved (E–H).

LV, left ventricle; TTE, transthoracic echocardiography; EF, left ventricular ejection fraction.

available techniques. Cardinale et al. by serial measurement of

cTnI levels in serum during the administration of chemotherapy

showed that elevated TnI values are associated with a progressive

decrease in LVEF (26).

In relation to AMI with obstruction of blood vessels (>

50% obstruction), myocardial infarction with non-obstructive

coronary arteries (MINOCA) is a heterogeneous clinical entity,

characterized by clinical evidence of myocardial infarction (MI)

with non-obstructive coronary arteries on angiography (≤50%

stenosis) (27). The prevalence of MINOCA is 3.5–15% (27).

When MINOCA is suspected in most cases, additional invasive

and non-invasive tests are needed to establish its diagnosis. IVUS

often diagnoses the presence of plaque rupture or ulceration,

which is a frequently missed finding in women who have had

MINOCA (28). The presence of plaque rupture or ulceration

in the coronary arteries in patients with MINOCA is diagnosed

with IVUS in about 40% of cases (29, 30). Based on the

aforementioned research, we first performed IVUS and then

Frontiers inCardiovascularMedicine 05 frontiersin.org

59

https://doi.org/10.3389/fcvm.2022.991886
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org


Lasica et al. 10.3389/fcvm.2022.991886

CMR in our patient. ESC recommendations suggest the use of

CMR in all patients with suspected MINOCA, as it identifies

its underlying cause in 87% of patients (17). In our patient,

the application of CMR helped to resolve this differential-

diagnostic dilemma.

The occurrence of cardiac dysfunction, depending on

the manifestations of the disease after the administration of

chemotherapy, can be acute, subacute and chronic (31). Changes

in cardiac function can be reversible or irreversible (32). Our

patient had acute cardiac dysfunction that was reversible.

AHF, cardiogenic shock, and even sudden cardiac death if not

explained by coronary vasospasm can be caused by myocardial

inflammation or the presence of Takotsubo cardiomyopathy as a

consequence of the action of 5-FU (33–36).

Anthracyclines are a group of drugs that most often lead

to cardiotoxicity (AHF occurs in 2–4% of patients), followed

by 5-FU pyrimidine analog, which is widely used for the

treatment of many solid tumors, including colorectal, breast

and head and neck cancers (33, 37). Incidence of cardio

toxicity after application 5-FU moves from 1 to 35% in

various studies and mortality from 2 to 13% (38–41). The

incidence of the development of myocardial damage depends

on the administered dose, the distribution of the drug and the

method of its administration. The greatest risk of developing

cardiotoxicity is during the first administration of the drug (33,

40). However, there is a schedule-dependent difference, with a

higher risk of developing cardiac toxicity when using continuous

infusion of 5-FU in comparison to bolus infusion, possibly

related to the short half-life of 5-FU, which is 15–20min (39, 42).

Themost frequently documented symptom of cardiotoxicity

with 5-FU administration is chest pain. However, care should

be taken in patients with cancer because the symptoms of AMI

can be atypical, with some authors stating that dyspnea (and

not chest pain) is the most common presentation of the disease

(43). In a study by Jensen et al., during treatment of colorectal

cancer patients with the FOLFOX regimen, the incidence of

chest pain was found to be about 8.5% (44). In our patient, the

cardio toxicity of 5-FU manifested itself during the continuous

infusion of 5-FU and was accompanied by pain in epigastrium

with propagation in the lower third of the sternum. In patients

treated with 5-FU, anginal complaints occur in 45% of patients,

and heart failure in 2% of patients (45). Oxaliplatin, unlike 5-FU,

more often leads to gastrointestinal complaints, hypersensitivity

reactions, even anaphylactic shock (46) and far less often has

cardiac side effects in the form of disturbances in the electrical

activity of the heart, which can be manifested by the appearance

of arrhythmias or conduction blocks (9, 47).

A marked heterogeneity has been shown in terms of ECG

changes in patients treated with 5-FU (48–50). Changes in the

ECG can easily mislead physicians when it comes to cardio

toxicity with 5-FU. Ischemic changes in the ECG are found

far more often in patients with previously proven coronary

disease (51). Changes in the form of hyper acute T waves

have also been described (52). Mizuno et al. reported a

case of 5-FU-induced cardiomyopathy, which presented with

chest pain, ECG-changes in the form of diffuse ST-elevation,

diffuse LV kinetic disturbances with normal coronary arteries

on angiography. The aforementioned authors considered that

coronary vasospasm was not the cause of cardiomyopathy in

this patient (53). The changes in the electrocardiogram in our

patient could indicate a possible pericardial affection caused

by the toxic effect of the drugs. It is recommended that all

patients who receive 5-FU and develop chest pain with ischemic

changes in the ECG undergo angiography. Most often, the

findings are normal, and transient changes in the form of

ST elevation are explained by transient vasospasm, which is

registered angiographically (7, 54).

In some cohorts, coronary artery vasospasm was directly

visualized during coronary angiography, but this was not the

case in our patient. Although no vasospasms were registered

during coronary angiography, shorter vasospasms could not

be ruled out. Our patient could not have diffuse vasospasms

because their occurrence would be followed on CMR by

myocardial edema and late accumulation of gadolinium in the

subendocardial part of the myocardium. Even the application of

nitroglycerin and calcium blockers in our patient did not lead

to the resolution of changes in the ST segment, which would

otherwise happen if it were really about vasospasm. Various

studies have shown different coronary angiography findings,

from clear vessels to the presence of significant occlusions (39,

55, 56). In our patient, IVUS did not show the presence of plaque

rupture, plaque erosion, thrombosis, i.e., significant stenoses on

the blood vessels of the heart.

Sudden HF in our patient is not a consequence of

Takotsubo cardiomyopathy, not only because of the absence

of echocardiographic criteria (LV ballooning), but also because

the Gothenburg criteria exclude the diagnosis of Takotsubo

syndrome if there is suspicion of drug-induced cardiotoxicity

(57). Nor were the 2008 Mayo criteria for the diagnosis of

Takotsubo cardiomyopathy met (58). The use of CMR excluded

the existence of segmental abnormalities in kinetics, myocardial

edema (which would be in favor of toxic myocarditis) as well

as microvascular obstructions, all of which were in favor of

acute dilated toxic cardiomyopathy. We also consider it almost

impossible that LV changes caused by acute myocarditis and

consequent severe dilated cardiomyopathy on echocardiography

are completely reversible and that in such a short period of

time as in our patient. In patients with myocarditis and severely

impaired cardiac function (<25%) who were treated with

immunomodulatory drugs, it was shown that the recovery of

cardiac function usually occurs between 6 and 14 weeks after the

start of therapy. In about a third of patients, that recovery begins

only between the 2nd and 4thmonths (59). In acute myocarditis,

the left ventricle is damaged for a long time with reduced systolic

function. A possible pathophysiological cause of acute toxic

impairment of LV function after 5-FU administration could be a
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sudden decrease in the level of adenosine triphosphate, which is

also described in the literature (7, 60).

Conclusions

In addition to the very great therapeutic effect of 5-

FU in the treatment of patients with rectal cancer, its use

is often associated with heart diseases. Fluoropirimidines are

amongst the most commonly-used cardiotoxic antineoplastic

drugs, with cardiotoxic effects ranging from asymptomatic ECG

changes to sudden cardiac death, suspected to be caused by

coronary vasospasm. Although the literature states that coronary

vasospasms, thrombosis and toxic myocarditis are the most

common causes of AHF LV in patients treated with 5-FU, it

can often occur due to the direct toxic effect of the drug. Our

case report presents an uncommon clinical manifestation of

5FU cardiotoxicity. Summarizing the knowledge available in

the world literature so far, we have differentially considered all

cardiac diseases that can occur due to the toxic effect of 5-FU.

If rapid reversibility of changes on the electrocardiogram and

rapid echocardiographic recovery of heart function is registered,

this would be in favor of the fact that the disease is not of

ischemic origin. Newly diagnosed acute dilated cardiomyopathy

followed by heart failure in the absence of angiographically

significant stenosis on the blood vessels of the heart and CMR

criteria for ischemic or inflammatory myocardial disease should

always raise the suspicion of toxic reversible cardiomyopathy

caused by 5-FU. In the case of our patient, the most modern

diagnostic methods were used to rule out differential-diagnostic

dilemmas and establish a diagnosis. Taught by our experience,

we recommend a mandatory ECHO strain for every patient

before chemotherapy, and if there are cardiac complications,

during or after the application of chemotherapy, a serious

cardiological-oncological approach, both in the administration

of an interventional therapeutic regimen and in order to

continue the adequate treatment of an oncological patient.The

fact that the mechanisms by which 5- FU leads to myocardial

damage are still not fully explained requires the implementation

of new clinical studies that will resolve this dilemma.
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Atrial fibrillation (AF) is one of the most common arrhythmias encountered in clinical

practice. The pathophysiological mechanisms responsible for its development are

complex, vary amongst individuals, and associated with predisposing factors. Here,

we report a case of AF caused by annular constrictive pericarditis (ACP), which

is extremely rare due to its unusual anatomical form. In our patient, AF was

refractory to multiple antiarrhythmic medications; however, spontaneous conversion

to sinus rhythm occurred when the ring encircling the right and left ventricular (RV

and LV) cavities along the atrioventricular (AV) groove was severed. This suggests

that atrial stretch due to atrial enlargement and increased left atrial (LA) pressure

may contribute to the initiation and maintenance of AF. This report highlights the

importance of the careful investigation of rare predisposing factors for AF using

non-invasive diagnostic approaches and mechanical-electric feedback (MEF) as a

pathophysiological mechanism for AF initiation and maintenance.

KEYWORDS

atrial fibrillation, annular constrictive pericarditis, mechanical-electric feedback,
predisposing factors, atrioventricular groove

Introduction

Atrial fibrillation (AF) is one of the most common arrhythmias encountered in clinical
practice (1, 2). The pathophysiological mechanisms responsible for initiating AF are complex
and often vary among individuals (1, 3, 4). Predisposing factors, such as obesity, pericardial
fat, obstructive sleep apnea, pre-hypertension, hyperthyroidism, excessive endurance exercise,
cardiomyopathies, channelopathies, and heart failure (HF) play an important role in triggering
the development of AF (1, 2, 5–9). The regulation of these factors is essential for AF management,
such as pharmacological control of HF, however, specific triggers may not be easily identifiable
in clinical practice.
Constrictive pericarditis (CP) is a disease characterized by progressive fibrosis, thickening,
and/or calcification of the pericardium, which limits heart expansion and leads to symptoms
and signs of HF. It may be caused by primary (idiopathic, tuberculosis, posterior viral or
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bacterial pericarditis, and connective tissue disease-related) or
secondary factors (pericardial injury syndrome or radiation therapy)
(10, 11). AF was thought to be a part of the natural history of CP;
however, it has been reported in only 20–30% of patients with CP
(12, 13), and more frequently in those with pericardial calcification
(9). Pericardial thickening and/or calcification can be observed in
patients with CP using echocardiographic or radiological imaging,
although approximately 18% of patients were reported to have a
normal pericardium (9). Annular CP (ACP), an extremely rare form
of localized CP, is easily missed or misdiagnosed due to its unusual
anatomical form. It is a thickened and/or calcified pericardial ring
that encircles the right and left ventricular (RV and LV) cavities at
the level of the atrioventricular (AV) groove, which leads to cardiac
strangulation. As it is very rare and easily missed, AF caused by ACP
can become refractory to antiarrhythmic medicines.

Here, we report a case of AF caused by ACP, wherein the diagnosis
was complicated, leading to a misdiagnosis for many years. The
AF was refractory to multiple antiarrhythmic medications; however,
spontaneous conversion to sinus rhythm occurred when the AV
groove ring was surgically severed. In this report we highlight
the importance of careful investigation of a rare cause of AF
and discuss the mechanical-electric feedback (MEF) as a possible
pathophysiological mechanism in AF initiation and maintenance.

Case presentation

A 29-year-old man presented to the hospital with progressively
worsening dyspnea and palpitations for 7 years, and intermittent
lower extremity edema and abdominal distension for 12 years. He

FIGURE 1

Physical examination revealed pitting edema of the lower extremities and abdominal distension (A). Chest radiology showed a pleural effusion (B).
Electrocardiography (ECG) at admission indicated the diagnosis of atrial fibrillation (AF) [heart rate (HR), 134 bpm] with low voltage in all leads (C).
Echocardiography showed left (D) and RA enlargement (E), and a normal LV chamber. Cardiac computed tomographic angiography of the pulmonary
arteries excluded pulmonary embolism (F). LV, left ventricle; RV, right ventricle; LA, left atrium; RA, right atrium; AAO, ascending aortic artery; MPA, main
pulmonary artery; DAO, descending aortic artery.
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denied chest pain, had no history of hypertension and diabetes,
and no family history of heart disease. Personal habits included a
small amount of alcohol intake and no smoking. He was diagnosed
with bilharziasis, a nephrotic syndrome, approximately 10 years
previously, and AF 3 years previously at a local hospital.

On admission, he was hypotensive [blood pressure (BP),
95/60 mmHg] and weak. A physical examination revealed distended
jugular veins, abdominal distension, pitting edema of both lower
extremities (Figure 1A), decreased breath sounds in the right
lower lung, and a grade II/VI systolic murmur at the apex

of the heart. Routine blood, renal function, plasma electrolyte
concentration, troponin, and inflammatory and tumor marker
tests were normal. He had mild liver dysfunction and elevated
D-dimer (19.20 g/ml) and plasma B-type natriuretic peptide (NT-
proBNP, 1,987 pg/ml). Chest radiology revealed a right-sided pleural
effusion and cardiac enlargement (Figure 1B). AF [heart rate
(HR), 154 bpm] without ST-segment and T-wave changes was
confirmed on electrocardiography (ECG) (Figure 1C). Transthoracic
echocardiography (TTE) revealed left atrial (LA) and right atrial
(RA) enlargement (LA, 51 mm; RA, 53 mm), mild mitral and

FIGURE 2

Tissue Doppler imaging (TDI) using echocardiography revealed that e’ = 18.4 m/s (medial) > 14.4 m/s (lateral) in the mitral valve (A,B). Significant
respiratory variation of mitral or tricuspid peak E velocity was indeterminable due to atrial fibrillation (AF) (C). Paradoxical septal motion during respiration
was not observed (D). The inferior vena cava (IVC) was dilated without inspiratory collapse (E). Pulmonary artery pressure was elevated according to the
velocity of tricuspid regurgitation (F).
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tricuspid regurgitation, decreased LV systolic function (LVEF, 45%),
diastolic dysfunction, and a normal LV size (42 mm) (Figures 1D, E).
Abdominal ultrasonography revealed a large amount of abdominal
fluid, liver congestion, and inferior vena cava (IVC) distention.
Pleural and abdominal effusion analyses indicated transudative fluid.
Tuberculosis and rheumatism were excluded based on laboratory test
results and effusion fluid analysis. Pulmonary embolism was excluded
using computed tomography angiogram (CTA) (Figure 1F).
Chemical cardioversion was attempted unsuccessfully using several

antiarrhythmic medications (amiodarone and nifekalant). A repeat
TTE revealed mitral lateral annulus e’ velocity (14.4 cm/s) < mitral
medial annulus e’ velocity (18.4 cm/s) using tissue Doppler imaging
(TDI) (Figures 2A, B). We were unable to determine significant
respiratory variation of mitral and tricuspid peak E velocity due to
the AF (Figure 2C). Paradoxical septal motion during respiration was
not observed (Figure 2D). The IVC was dilated without inspiratory
collapse (Figure 2E). The pulmonary artery pressure (∼30 mmHg)
was elevated according to the velocity of the tricuspid regurgitation

FIGURE 3

Cardiac computed tomographic angiogram of four-chamber view (A) and volume rendering views (B) showed calcified annular constrictive pericarditis
(ACP) trapping both ventricles (red arrows). Spontaneous conversion from atrial fibrillation (AF) to sinus rhythm as the calcified pericardial ring was
severed (C). Complete pericardiectomy was performed and revealed a thickened pericardium with calcification embedded in the atrioventricular (AV)
groove (D). Pathological examination of the pericardial tissue indicated fibrotic tissue with calcification (E).
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(Figure 2F). Careful review of the echocardiographic images showed
nodular thickening of the pericardium in the AV groove, without
significant thickening of the whole pericardium. We then measured
the peripheral venous pressure, which was elevated (43 cm H2O).
These findings supported but did not confirm the diagnosis of CP.
ACP was diagnosed using further CT scan analysis, which showed a
thickened and calcified pericardial ring around each AV groove with
minimal pericardial calcification; however, radiological pericardial
thickening and calcification were not observed on chest X-ray
(CXR) (Figures 3A, B). Intraoperatively, a calcified pericardial ring
encircling the RV and LV cavities at the level of the AV groove was
revealed. As the calcified pericardial ring was severed, spontaneous
conversion to sinus rhythm was observed (Figure 3C). Pathological
examination of the pericardial tissue revealed pericardial thickening,
fibrous tissue hyperplasia, and hyaline degeneration, in which a large
number of capillaries and few inflammatory cells were observed.
A large amount of fat was observed on the surface, confirming the
diagnosis of ACP (Figures 3D, E). Post-operatively, the patient’s
symptoms and vital signs improved significantly. The lower extremity
edema, pleural effusion, and ascites subsequently subsided, and the
pulmonary congestion and cardiac enlargement mitigated, indirectly
indicating a reduced constrictive pattern. The patient was followed
up on an outpatient basis and remained in good clinical condition.
The echocardiographic assessment at the 1-month follow-up showed
that the enlarged atria became smaller (LA, 39 mm; RA, 38 mm)
and LV ejection fraction (LVEF) significantly improved (from 45%
pre-operation to 57%). The patient management timeline during
hospitalization is summarized in Table 1. This study was approved
by the local Ethics Committee, and written informed consent was
obtained from the patient for the publication of any potentially
identifiable images or data included in this article.

Discussion

Annular constrictive pericarditis is an extremely rare form of
localized CP. Anatomically, a thickening fibrous band, with or

TABLE 1 The timeline of patient’s management during hospitalization.

Timeline of the case management

Day 1 • Admission
• Lab tests
• Management with medications

Day 2 • Chest X-ray
• Echocardiography

Day 3 • CTA
• Diagnostic thoracocentesis and abdominocentesis and fluid
analysis

Day 4 • Repeated Echocardiography and Color Doppler
• Review results of lab test, echocardiography, radiological
Imaging

Day 5 • Heart team consultation including cardiac surgeons
• Reached the diagnosis of ACP

Day 7 • Pericardiectomy
• Transferred to ICU

Day 12 • Discharge

CTA, computed tomographic angiogram; ACP, annular constrictive pericarditis; ICU,
intensive care unit.

without calcification, encircles the right and left cavities at the level
of the AV groove, and strangulates the heart. HF symptoms, such as
exertional dyspnea and edema, are commonly reported by patients
with ACP (10, 14). The diagnosis is easily missed due to the absence
of a thickened/calcified pericardium, which is commonly seen in
CP. TTE may reveal some characteristics of cardiac constriction,
such as interventricular dependence, changes in mitral TDI velocity,
respiratory variation in transmitral flow, and dilation of the IVC
without inspiratory collapse (10, 15); however, these characteristics
are non-specific and seen in other disorders, such as cardiomyopathy.
In our patient, TTE revealed a normal LV size and systolic function,
paradoxical septal motion during respiration was not observed, and
the respiratory variation of mitral and tricuspid peak E velocity
was indeterminable due to AF, although bi-atrial enlargement and
dilation of the IVC were observed. Due to the rarity and anatomical
form of ACP, careful examination of the AV groove was required
to make a diagnosis; therefore, radiological imaging was another
useful diagnostic modality for detecting pericardial thickening and/or
calcification. In our patient, a thickened/calcified band in the
AV groove was initially missed and ACP was diagnosed using
further CT scan analysis based on suspicion, and the diagnosis was
confirmed surgically. Cardiac catheterization is the gold standard for
diagnosing CP, and can be used to differentiate it from other diseases
with restrictive physiology. Typically, elevation and equalization of
diastolic pressures in all four chambers can be observed. The RV and
LV waveforms exhibit a “dip and plateau (or square root)” sign (16).
However, we did not perform cardiac catheterization prior to surgery
due to the patient’s condition (very weak), which could have provided
diagnostic evidence of CP.

The precise pathophysiological mechanisms of AF remain
elusive; however, the following two different mechanisms have been
proposed: abnormal impulse formation and reentrant activity. Most
sustained atrial arrhythmias have been ascribed to the reentrant
mechanism (17). AF frequently occurs in patients with atrial
dilatation (18, 19). Atrial dilatation and/or elevated atrial pressure
induces local or global changes in cardiac electrophysiology by
increasing the atrial surface, shortening the refractory period, and/or
slowing the conduction velocity (20, 21). This phenomenon suggests
the role of MEF in atrial arrhythmogenesis. Both experimental
and clinical studies have confirmed that atrial stretch induces the
onset of atrial arrhythmias through the modulation of myocardial
electrophysiological properties (i.e., refractory period (RP) and
conduction velocity) (21, 22). In contrast to CP, which limits
expansion and filling of all four chambers, ACP mainly affects
atrial structure and function through strangling the outflow tract
of the atria, leading to atrial dilation and dysfunction. In such
situations, drug-therapy is usually ineffective if the mechanical stretch
is unresolved. The spontaneous conversion from AF to sinus rhythm
and the resection of the annular ring in our patient confirmed this
opinion, suggesting the role of MEF as a possible pathophysiological
mechanism in ACP -induced AF.

Annular constrictive pericarditis is an extremely rare form of
localized CP, which is easily missed or misdiagnosed due to its
unusual anatomical form. Careful examination of the AV groove
using radiological imaging should be performed in patients with
clinical suspicion of underlying CP, without evidence of pericardial
thickening. ACP-induced AF is usually refractory to antiarrhythmic
medications and surgical resection of the connective ring is
imperative. MEF was a possible pathophysiological mechanism
in ACP-induced AF.
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Case report: reuse of tirofiban
leads to very severe
thrombocytopenia
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Background: Telofiban is a class of small molecule non-peptide tyrosine
derivatives containing RGD sequences. It is the only platelet surface
glycoprotein (GP) IIb/IIIa receptor antagonist (GPI) currently marketed in China.
In patients with ST-segment elevation myocardial infarction(STEMI) who receive
percutaneous coronary intervention (PCI) with a heavy thrombotic load,
postoperative intravenous tirofiban can prevent complications of myocardial
ischemia due to sudden coronary artery occlusion. With the increase in the
clinical use of tirofiban, the number of adverse reactions related to
thrombocytopenia induced by tirofiban has gradually increased. Still, most of
them have thrombocytopenia after the first use. We report one case of very
severe thrombocytopenia following the reuse of tirofiban.
Case summary: A 65-year-old man of Han nationality, 170 cm in height, 85 kg in
weight, and 29.4 BMI, suffered from cerebral infarction 13 years ago and left with
right limb movement disorder. Five days before this hospitalization, the patient
underwent PCI, and three stents were implanted. After the operation, anti-
platelet tirofiban and nadroparin calcium were given, and no thrombocytopenia
was found. The patient still retains 80% stenosis due to anterior descending
branches and plans to undergo PCI again half a month later. The patient with a
history of hypertension, type 2 diabetes, diabetic nephropathy, and cerebral
infarction usually took 100 mg of aspirin and 75 mg of clopidogrel, antiplatelet
therapy, and had no history of food and drug allergy. One day after discharge,
the patient suddenly felt chest tightness and wheezing. The laboratory showed
hypersensitivity troponin 2.85 ng/ml (normal 0–0.0268 ng/ml), and the
admission ECG showed ST-T changes in leads I, aVL, V5-V6. On the 6th day of
hospitalization, PCI was performed, a stent was implanted in the proximal
section of the anterior descending branch opening, and tirofiban(10 ug/kg,
3 min bolus, then 0.1 ug/kg/min) antiplatelet therapy was given after surgery.
About 10 min after the tirofiban infusion, the patient suddenly shivered,
accompanied by convulsions, accompanied by elevated body temperature (up
to 39.4°C), accompanied by epistaxis and microscopic hematuria. An urgent
blood test showed that the platelets dropped to 1 × 109/L, tirofiban and aspirin
stopped immediately, and the antiplatelet therapy of clopidogrel was retained.
After infusion of methylprednisolone sodium succinate and gamma globulin, the
patient’s platelets gradually recovered, and the patient was successfully
discharged seven days later in stable condition.
Conclusion: This case is typical of severe thrombocytopenia caused by reusing
tirofiban. This case may provide new insights into: 1. Patients who did not have
thrombocytopenia after the first use of tirofiban may still have extremely severe
thrombocytopenia after re-exposure to tirofiban. Routine platelet count
monitoring and early identification of thrombocytopenia are the essential
links. 2. Thrombocytopenia caused by re-exposure to tirofiban may have a faster
onset, deeper degree, and slower recovery due to antibodies retained after the
first exposure to tirofiban; 3. Platelet transfusions may not be necessary for
01 frontiersin.org70
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patients with severe thrombocytopenia; 4. Immunosuppressants help suppress the body’s
immune response, promote platelet recovery, and can be reduced or discontinued when
platelets rise and may be safe; 5. After tirofiban for PCI, continuing the maintenance
dose of clopidogrel may be safe if the patient has no significant bleeding events.

KEYWORDS

tirofiban, thrombocytopenia, severe, anaphylaxis, case report
TABLE 1 Timeline of major events before and after the patient’s
hospitalization.

5-Days before Coronary angiography was performed, a total of 3 stents were
implanted, and 80% of the lesions presentation were opened
on a later date before retention. Postoperative application of
tirofiban and calcium natracalcin showed no
thrombocytopenia

Day 0 A 65-year-old male patient, emergency laboratory test:
hypersensitive troponin 2.85 ng/ml, admitted ECG: I, AVL,
V5-V6 LEAD ST-T changes, again due to severe chest
tightness and asthma admitted to the cardiovascular
department of our hospital

Day 1 Initially considering non-ST-segment elevation myocardial
infarction(N-STEMI), aspirin and clopidogrel dual antiplatelet
Introduction

Coronary angiography (CAG) and PCI have become standard

methods for evaluating and treating coronary artery lesions.

Patients undergoing CAG routinely take antiplatelet and

anticoagulant drugs (1). Platelet aggregation inhibitors have

better clinical benefits in patients at high risk of coronary artery

disease with a heavy thrombus burden who undergo emergency

PCI (2). As the only GPI currently marketed in China, tirofiban

reduces the risk of thrombosis by inhibiting platelet aggregation.

However, tirofiban can cause severe thrombocytopenia in rare

cases (3).

The glycoprotein IIb/IIIa receptor aggregates platelet by linking

the vWf factor and fibrinogen. As a small non-peptide tyrosine

derivative, tirofiban competes for glycoprotein IIb/IIIa receptors.

When administered intravenously, platelet aggregation is

inhibited in a concentration-dependent manner (4). Current

studies have found that typical GPI-induced thrombocytopenia is

mainly divided into five modes: (1) Occurs within 12 h after the

first contact; (2) Within 12 h of the second contact; (3) Delayed

thrombocytopenia: 5–7 days after treatment; (4)

Pseudothrombocytopenia: platelet aggregation; (5) Allergic

reactions secondary after exposure (5). With the widespread

clinical use of tirofiban, reports of thrombocytopenia have

gradually increased (6). Most cases are thrombocytopenia after

the first exposure, and thrombocytopenia due to the second

exposure is rare.

Here, we report a very severe thrombocytopenia caused by

reusing tirofiban.

Timeline: See Table 1.

therapy, and natreparin calcium anticoagulation therapy, no
obvious thrombocytopenia was seen

Day 6 Coronary angiography was performed before opening the
descending branch and implanted with one stent, and after
surgery, ticrofiban was given symptomatic anti-plate therapy.
After 10 min of tirofiban infusion, the patient suddenly
shivered, accompanied by high fever and sweating, and the
emergency blood routine showed that platelets dropped to
1 × 109/L. Discontinue all anticoagulant and antiplateau drugs
and retain clopidogrel alone

Day 7–10 The patient had scattered ecchymosis with subcutaneous
bleeding points, microscopic hematuria, and epistaxis, and
methylprednisolone sodium succinate 40 mg bid for 4 days
and gamma globulin 10 g/d for 2 days. On the 10th day of
admission, platelets were rechecked and recovered to
18 × 109/L

Day 13 The ecchymosis gradually subsided, and no bleeding spots
were visible to the naked eye. The platelets recovered to
84 × 109/L and the patient recovered and was discharged from
the hospital

1-Month post-
discharge

The patient’s platelets returned to normal
Case presentation

A 65-year-old man of Han nationality, 170 cm in height, 85 kg

in weight, and 29.4 BMI, suffered from cerebral infarction 13 years

ago and left with right limb movement disorder. Coronary

angiography performed one year before hospitalization showed

three-vessel disease, and no stent was implanted. The patient

underwent CAG five days before hospitalization, three stents

were planted during the operation, and 80% of the lesions with

the preservation of the anterior descending branch were opened

later. The patient had a history of hypertension, type 2 diabetes

mellitus, diabetic nephropathy, and cerebral infarction and had

no history of food or drug allergy or thrombocytopenia. After

hospitalization, the laboratory showed that hypersensitivity

troponin was 2.85 ng/ml. The ECG on admission showed ST-T
0271
changes in leads I, aVL, V5-V6 (Figure 1), and non-ST-segment

elevation myocardial infarction(NSTEMI) was initially

considered. Blood tests did not show apparent thrombocytopenia.

Cardiac examination reveals no prominent murmurs, friction

rubs, or galloping rhythms.

On the 6th day after admission, the patient was admitted to the

cardiac catheterization laboratory for PCI. During the operation,

80% stenosis of the proximal section of the anterior descending

branch opening was found, the occlusive lesion was opened, one

stent was implanted, and the patient returned to the ward after

the operation. Because of the severe thrombus burden of the

patient, tirofiban (10 ug/kg, 3 minute bolus, followed by 0.1 ug/

kg/min [the guidelines recommend the dose] (7)) instillation was

started. Ten minutes after the tirofiban infusion, the patient

suddenly shivered, accompanied by a continuous increase in

body temperature, up to 39.4°C, with heavy sweating. It was

considered that the patient had a high possibility of sudden
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FIGURE 1

Electrocardiogram of the patient with I, AVL, V5-V6 lead ST-T changes. There is pathological Q waves (lead III, V1-V2). Poor increase of R waves in
thoracic leads.
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hypersensitivity reaction, and the allergen was not known, so

transient bacteremia and infusion reaction could not be ruled

out. Blood routine examinations and blood cultures were taken

urgently. Diphenhydramine hydrochloride injection (1 ml;

20 mg) by intramuscular injection for symptomatic anti-allergic

treatment. It was found that the platelet count decreased to 1 ×

109/L, but the blood was drawn again to exclude the test error,

and the reexamination was still 1 × 109/L. The laboratory

physician performed a blood-smear examination of the

peripheral-blood sample, confirming a profound platelet

deficiency with no platelet aggregation. The smear results were

reported to the attending physician.

All antiplatelet and anticoagulant drugs were discontinued

immediately. Given the patient’s severe thrombotic burden,

clopidogrel antiplatelet therapy was still retained. On the 7th day

after hospitalization, the patient gradually developed scattered

ecchymosis with subcutaneous bleeding spots, microscopic

hematuria, and epistaxis. Other standard laboratory tests include

prothrombin time (PT), partial thromboplastin time (PTT),

fibrinogen, and D-dimer. Haptoglobin, reticulocyte count, and

lactate dehydrogenase (LDH) are also expected.

Methylprednisolone sodium succinate 80 mg for four days and

gamma globulin 200 mg/kg/day for two days for symptomatic

anti-inflammatory treatment, daily blood routine (Figure 2), and

occult blood tests, including urine and stool samples. On the

10th day of hospitalization, the patient’s platelets recovered to

18 × 109/L. On the 13th day of hospitalization, the ecchymosis

throughout the patient’s body gradually subsided, and no visible

bleeding points were seen. The re-examination showed that
Frontiers in Cardiovascular Medicine 0372
platelets recovered to 84 × 109/L, and the patient was discharged.

One month after discharge, the patient’s repeated blood routine

showed that platelets had returned to normal.
Discussion

Tirofiban-induced thrombocytopenia(TIT) gradually increases

in clinical practice with the widespread use of tirofiban, and the

severity usually ranges from mild to severe. Classification

according to the degree of thrombocytopenia: mild (50–99 × 109/

L), severe (20–49 × 109/L), very severe (20 × 109/L). Very severe

thrombocytopenia (Plt < 20 × 109/L) is rare and should be

considered an emergency, usually requiring platelet transfusion.

In some reported cases, patients developed thrombocytopenia

with symptoms such as chills, fever, and hypotension (8).

Tirofiban has a half-life of approximately 2 h and a rapid onset

of action. For TIT, platelet count generally recovered 2.1 days

after drug withdrawal. According to the current reports, the

incidence of severe thrombocytopenia (Plt<<50 × 109/L) ranges

from 0.2% to 0.5% of tirofiban (9). The combination of GPI and

PCI has been shown to reduce mortality after revascularization

in patients with STEMI and NSTEMI (10). Thrombocytopenia is

one of the main adverse effects of tirofiban, but

thrombocytopenia has primarily been reported after initial

application. Rapid thrombocytopenia with re-exposure to

tirofiban has only been reported in a few cases (3, 6).

Drug-mediated immune thrombocytopenia (DITP) is a

spontaneous immune-mediated response in which anti-platelet
frontiersin.org
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FIGURE 2

Evolution of the platelet count (days before and after stopping tirofiban infusion).
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antibodies generally appear 1–2 weeks after using a new drug or re-

exposure to a drug after a previous exposure history. TIT belongs to

a species of DITP. At present, it is believed that the mechanism of

tirofiban-induced thrombocytopenia is roughly divided into two

types: one is the antigen-antibody reaction in the patient’s body,

resulting in platelets being cleared by the body’s immune system

(11); The second is that tirofiban induces the conformational

change of glycoprotein receptor on the platelet surface, and the

new antigenic determinants are produced and recognized by the

liver and eventually eliminated (12). Acute platelet destruction

after GPI use suggests that non-immune factors may play a role.

Still, recent studies have confirmed that drug-dependent

antibodies may be the leading cause of platelet destruction (8).

The detection of antibodies recognizing the GPIIb/IIIa site in the

blood of patients with thrombocytopenia further verified the

possibility of immune factors. However, there is still no precise

mechanism to explain the cause of thrombocytopenia (11).

Like other DITPs, TIT is also an exclusive diagnosis and other

drug-induced thrombocytopenia needs to be excluded from

making a definite diagnosis. In addition to intravenous tirofiban

infusion after PCI, the patient received intravenous nadroparin

calcium 4000 IU during the whole treatment and long-term oral

antiplatelet therapy with aspirin 100 mg and clopidogrel 75 mg

before CAG. These factors could not be excluded from

participating in the patient’s thrombocytopenia. Pseudo-

thrombocytopenia due to laboratory testing was also included as

one of the leading differential diagnoses.

Pseudo-thrombocytopenia usually refers to using the
Frontiers in Cardiovascular Medicine 0473
anticoagulant EDTA in sample tubes that may cause platelets to

clump, resulting in artificially low platelet counts. The diagnosis

of pseudo-thrombocytopenia can be excluded by performing a

peripheral blood smear without platelet aggregation and

repeating the platelet count (13). HIT is caused by a combination

of heparin and platelet factor 4 (PF4) autoantibodies, and

platelets are widely activated, eventually leading to thrombosis

and thrombocytopenia. The “4Ts score (14)"(Figure 3) is a pre-

test scoring system for HIT designed to play a suggestive role in

the clinical diagnosis of HIT. The “4Ts score” has a high

sensitivity and negative predictive value for diagnosing HIT. HIT

can be ruled out in patients with low clinical likelihood, and

HIT-antibody testing and continuous platelet count monitoring

are unnecessary. HIT is divided into two types. Type I mainly

occurs within five days after the application of heparin and is

related to the direct activation of platelets by heparin. Most of

them are transient platelet decline, to a lesser extent, and are

non-immune thrombocytopenia. Type II occurs 5 to 15 days

after heparin application, is associated with PF4 and heparin

forming heparin/PF4 complexes, and is an immune response

with thrombosis rather than bleeding. The patient had been

exposed to heparin for coronary angiography one year before

and for the first PCI five days before hospitalization, and no

thrombocytopenia was observed. The lowest platelet count was

1 × 109/L. No clinical symptoms related to thromboembolism

were found. The final “4Ts score” was only two, indicating that

the probability of HIT was very low and HIT could be ruled out

(15). The previous “CAPRIE” study (16) showed that aspirin and
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FIGURE 3

Scoring system for heparin-induced thrombocytopenia (H IT 4T’s score).
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clopidogrel had a good effect on the prognosis of CAG patients,

and thrombocytopenia was rare in both groups. Although very

rare, clopidogrel can also cause DITP, and the mechanism is

currently believed to be the production of IgG-type

autoantibodies against ADAMTS13 induced by the drug (17). So

far, no extremely severe thrombocytopenia caused by aspirin or

clopidogrel alone has been reported. Long-term antiplatelet

therapy with aspirin and clopidogrel was initiated one year

earlier, and thrombocytopenia was not observed, so this

diagnosis can be ruled out. Based on the clinical presentation,

laboratory tests, and timeline of events during hospitalization,

thrombocytopenia in patients is likely due to immune

thrombocytopenia mediated after reusing tirofiban.

As a kind of DITP, TIT follows the general treatment principles

of DITP. Still, its treatment should be adjusted according to the

degree of thrombocytopenia and bleeding, even if the degree of

thrombocytopenia is not necessarily proportional to the degree of

bleeding. The details were as follows: (1) Patients with platelet

count decreased to 50–99 × 109/L were generally maintained

under observation, and tirofiban infusion would be stopped if the

platelet count decreased continuously; (2) Patients whose platelet

count decreased to less than 50 × 109/L. There is a strong

rationale for first withholding tirofiban in treating very severe

thrombocytopenia since tirofiban is cleared from the circulation

within one hour after discontinuation (18). For TIT,

corticosteroid or immunoglobulin infusion may be considered

without long-term platelet recovery. Unfortunately, there is no

clinical trial or basic research to confirm that corticosteroids and

immunoglobulin play a decisive role in promoting platelet

recovery. More empirical treatment exists in clinical reports (19,

20). Switching to another antiplatelet agent, such as bivalirudin,

may be considered if the patient is at high risk for thrombosis.

Bivalirudin has fewer bleeding events and 30-day net adverse
Frontiers in Cardiovascular Medicine 0574
clinical events than tirofiban (21); (3) For patients with

thrombocytopenia <10 × 109/L and patients with severe bleeding,

it is recommended to stop all anticoagulants and antiplatelet

drugs. Platelet transfusion is recommended (22). For life-

threatening bleeding (brain, lung, or pericardium), hemodialysis

or plasmapheresis may facilitate the rapid metabolism of

tirofiban in the body. For details, see Figure 4. On the one hand,

considering the patient’s economic factors, a half-dose of gamma

globulin (200 mg/kg/d) combined with methylprednisolone

sodium succinate (80 mg/d) was used for anti-immune treatment,

and the drug was stopped in time when the patient’s platelet

showed a recovery trend. On the other hand, clopidogrel

antiplatelet therapy has been retained to prevent the risk of

thrombosis caused by the rapid rise of platelets. Ultimately, the

patient did not have prominent bleeding events, and the platelet

gradually returned to normal.

Thrombocytopenia due to this case is rare compared with

patients with thrombocytopenia after the first exposure to

tirofiban. The onset of the disease is shorter (10 min after

administration; The standard time is from a few hours to seven

days after starting the infusion), symptoms are more typical at

the beginning (platelets drop to 1 × 109/L), Platelet recovery time

is longer (platelet levels do not recover until about one week

after discontinuation of tirofiban, much longer than the half-life

of tirofiban by two hours). Therefore, it is essential to design a

concise and straightforward procedure to prevent the occurrence

of highly severe TIT. (1) Screening high-risk patients before

tirofiban administration: the PRISM-PLUS study found that older

age, lower body weight, female gender, and limited creatinine

clearance (<30 ml/min) were associated with a higher risk of

bleeding (23). Not coincidentally, Yi et al. designed a clinical

preoperative risk model by reviewing the clinical features of

patients with tirofiban-induced thrombocytopenia, identifying
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FIGURE 4

Differential diagnosis and treatment of tirofiban-induced thrombocytopenia.
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five independent risk factors: age≥ 65 years, white blood cell≥
12 × 109/L, diabetes, congestive heart failure, and chronic kidney

disease. Applying preoperative risk models allows us to assess the

risk of thrombocytopenia in patients and then adopt instillation

dose reduction or alternative drug methods to improve patient

safety (24); (2) Selection of infusion dose during the application

of tirofiban: Wang et al. conducted a safety study on different

amounts of tirofiban instillation, showing that high-dose tirofiban

instillation was associated with a significant reduction in the

incidence of major cardiac adverse events but was accompanied

by a higher bleeding rate and thrombocytopenia. It suggests that

the dose of tirofiban should be adjusted reasonably according to

the patient’s condition and bleeding risk (25); (3) Routine

monitoring after tirofiban application: routine blood tests should

be rechecked at two, six, twelve, and twenty-four hours after

tirofiban application, and regularly rechecked once a day after

tirofiban withdrawal until discharge to prevent failure to detect

thrombocytopenia in time (19, 20); (4) Early identification after

TIT: when the patient’s blood routine shows extremely severe

thrombocytopenia, it is essential to analyze the related drugs that

may cause thrombocytopenia in the patient, conduct related

laboratory tests to confirm/exclude the diagnosis, and finally

determine the causative drug.
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