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Abstract: Mucormycosis is a rare fungal infection. With the recent advancements in diagnostic technologies, including molecular 
diagnostic techniques, such as PCR and metagenomic next-generation sequencing, the detection rates of mucormycosis have increased. 
However, its mortality rates remain alarmingly high. Although post-liver transplantation mucormycosis cases are infrequently reported 
(less than 1%), their mortality rate ranges from 60% to 90%, while mucormycotic endocarditis is even rarer. This article summarizes 
the clinical manifestations of mucormycosis in a post-liver transplantation adult patient and reviews the existing literature on 
mucormycotic endocarditis, with the aim of outlining its clinical features, diagnostic challenges, and therapeutic strategies. 
Keywords: mucormycosis, endocarditis, liver transplantation, metagenomic next-generation sequencing, Rhizomucor, 
Cunninghamella

Introduction
Mucormycosis is one of the most common causes of deep fungal infections, alongside candidiasis and aspergillosis.1 It is 
an invasive fungal infection caused by ubiquitous filamentous fungi belonging to the order Mucorales and is character
ized by an extremely high mortality rate. In recent years, the reported incidence of mucormycosis has risen, probably due 
to the growing population of high-risk individuals and advances in diagnostic techniques.2 The risk factors for this 
disease include cirrhosis, neutropenia, prolonged corticosteroid use, malnutrition, poorly controlled diabetes, iron over
load, hematologic malignancies, recent allogeneic stem cell or solid organ transplantation, severe burns, and major 
traumatic injuries. High-risk patients may develop mucormycosis following exposure to spores via inhalation or 
traumatic inoculation, as these spores are widespread in the environment, leading to either community-acquired or 
nosocomial infections.3,4 Clinically, mucormycosis, like aspergillosis, exhibits angioinvasive growth, predisposing 
patients to thrombosis and emboli.5 It is marked by extensive necrotic vasculitis that results in thrombus formation, 
progressive tissue infarction, and even systemic dissemination.6 Its management typically requires aggressive surgical 
debridement and prolonged antifungal therapy.7 Infective endocarditis (IE) demonstrates significant clinical burden, with 
2019 incidence reported at 13.8 per 100,000 and overall mortality persisting at 30%.8 The condition is predominantly 
caused by Staphylococcus aureus, streptococci (notably viridans group), and enterococci—collectively accounting for 
~80% of cases. Major risk factors include underlying cardiac abnormalities (eg, rheumatic or congenital heart disease), 
prosthetic valves, intracardiac devices, and intravenous drug use. In contrast, fungal endocarditis comprises a distinct 
minority (1–3% of IE cases) yet carries disproportionate mortality exceeding 70%, with Candida species responsible for 
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>50% of these infections and Aspergillus being less common.9,10 Notably, key risk factors specific to this fulminant 
subtype include prosthetic valves, prior cardiac surgery, and immunosuppression.10 Mucormycotic endocarditis is 
a scarcely reported disease with near-complete lethality.6 Given the high mortality rate of mucormycosis, it is important 
to improve its detection rate through better diagnostic strategies and timely treatment and management. Gaining a clearer 
picture of the clinical manifestations, diagnostics, and management would help improve its diagnosis and management 
and potentially help improve its survival rate. This report describes the clinical manifestations and course of mucormy
cosis in a post-liver transplantation adult patient and reviews the existing literature on mucormycotic endocarditis.

Case Presentation
A 51-year-old male (weight: 93 kg, height: 170 cm, BMI: 32.2 kg/m²) underwent liver transplantation at our hospital for acute- 
on-chronic liver failure. His medical history included hypertension, diabetes mellitus, and hepatitis B surface antigen 
positivity for over a decade. One month prior to surgery, he developed jaundice (scleral icterus and skin yellowing), abdominal 
distension, fatigue, decreased appetite, and dark tea-colored urine, with progressive worsening. Initial laboratory tests at 
a local county hospital revealed that his total bilirubin level was 338 μmol/L; direct bilirubin, 268.7 μmol/L; indirect bilirubin, 
69.7 μmol/L; HBV-DNA, 109 IU/mL; international normalized ratio, 2.32, and prothrombin time, 24.6 s. The patient received 
hepatoprotective therapy with glycyrrhizin-based medications (80 mg IV daily) and intravenous S-adenosylmethionine 
(1,000 mg/day), but his condition deteriorated despite this. Twelve days before the transplant procedure, he was transferred 
to our hospital. Chest CT showed no infiltrates, and the findings of electrocardiography and echocardiography were 
unremarkable. Treatment included tenofovir alafenamide (antiviral), hepatoprotective agents, choleretics, gastric protectants, 
laxatives, and ammonia-lowering therapy. During hospitalization, oliguria (25 mL/h) and increasing lactate levels (12 mmol/ 
L) prompted admission to the intensive care unit 8 days before the procedure for continuous renal replacement therapy. The 
lactate levels improved temporarily, but hypotension and hypoxemia necessitated mechanical ventilation the next day. Blood 
cultures revealed the presence of Gram-negative bacilli, and chest radiography revealed bilateral pulmonary infiltrates. The 
patient was diagnosed with septic shock complicated by pulmonary infection. Following ICU admission, empiric therapy with 
meropenem (1 g every 8 hours) and micafungin (100 mg/day) was immediately initiated and maintained until liver 
transplantation. Vancomycin (500 mg every 8 hours) was additionally administered starting 4 days prior to the procedure. 
Serial monitoring demonstrated progressive normalization of serum lactate levels, resolution of shock, and reduction of 
inflammatory biomarkers (C-reactive protein and procalcitonin) to near-normal ranges. Preoperative arterial blood gas 
analysis indicated a PaO2/FiO2 ratio of 204 mmHg.

Liver transplantation was performed with a graft from a 48-year-old male brain death donor who died of hypertensive 
intracerebral hemorrhage. The procedure, a modified piggyback technique, lasted 7 h and 5 min, with a cold ischemia time of 
3 h and 33 min and an anhepatic phase of 50 min. Intraoperative immunosuppression therapy included methylprednisolone 
(1000 mg) and basiliximab (20 mg). Tacrolimus (target trough: 3–5 ng/mL) was initiated on postoperative day (POD) 3. 
Preoperative serum metagenomic next-generation sequencing (mNGS) preliminarily detected mucormycetes, prompting 
immediate treatment with isavuconazole (200 mg IV) before entering the operating room. The diagnosis of mucormycosis 
was established based on the patient’s history of suboptimal long-term glycemic control in diabetes mellitus, underlying 
chronic liver disease with progression to hepatic failure, and definitive evidence from serum mNGS testing.

Bradycardia (40–50 bpm) and hypotension occurred on POD 1, with the electrocardiogram showing high-grade 
atrioventricular block (Figure 1A). A temporary VVI pacemaker was implanted (Figure 1B). Formal serum mNGS 
results confirmed the presence of Rhizomucor pusillus (203 sequence reads) and Cunninghamella elegans (40 sequence 
reads). Necrotic eschar-like skin lesions were noted on the upper abdomen (Figure 2). Isavuconazole (200 mg/day after 
a 48-h loading dose of 200 mg/8 h) and amphotericin B colloidal dispersion were administered (2–4 mg/kg of body 
weight/day). The initial postoperative antimicrobial regimen comprised meropenem for Gram-negative coverage and 
vancomycin for Gram-positive coverage. On POD 7, antimicrobial therapy was de-escalated to cefoperazone-sulbactam 
based on sputum culture identification of Ralstonia mannitolilytica with susceptibility testing (MIC ≤4μg/mL). 
Subsequently, on POD 10, therapy was shifted to levofloxacin due to coagulopathy evidenced by elevated INR. 
Postoperative echocardiography was performed every other day, and serum troponin (TnI) and B-type natriuretic peptide 
(BNP) levels were monitored daily. Progressive elevation of TnI and BNP levels was observed (Figure 3). On POD 4, 
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non-contrast CT scans of the head and chest, along with abdominal CT angiography, were performed. The scans revealed 
large areas of pulmonary exudates in the lungs and multiple wedge-shaped infarcts in the spleen and kidneys (Figure 4). 
Intravenous immunoglobulin (0.25 mg/kg of body weight/day) was administered to enhance humoral immunity.

On POD 7, echocardiography revealed apical wall motion abnormalities, which were accompanied by increased 
levels of TnI (23.8 ng/mL) and BNP (1439.5 pg/mL). Repeated serum mNGS detected Cunninghamella bertholletiae 
(841 sequence reads). Further, expansion of the cutaneous lesions was observed (Figure 2), and bedside biopsy of the 
abdominal eschar was performed. Coronary angiography showed 30% stenosis in the proximal left anterior descending 
artery (for which no intervention was administered).

Figure 1 Postoperative electrocardiogram findings. (A) High-grade atrioventricular block with 3:1 atrioventricular conduction and complete left bundle branch block. (B) 
Post pacemaker implantation ECG showing VVI pacing mode with a pacing rate of 90 beats per minute (bpm). The black triangles indicate the pacing spikes.

Figure 2 Clinical manifestations of skin necrosis at different stages of progression. (A) Circular erythema; (B) Swelling/necrosis; (C) Dry ulcer; (D) Necrotic eschar.

Figure 3 Post-transplantation daily trends in serum troponin, B-type natriuretic peptide, and total bilirubin levels. Postoperative monitoring demonstrated serum total 
bilirubin levels fluctuating around 200 μmol/L, while serum troponin I and B-type natriuretic peptide (BNP) exhibited progressively increasing trends.
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Refractory shock and escalating lactate levels on POD 8 necessitated maximal vasopressor support (with norepi
nephrine). Repeated serum mNGS confirmed persistence of R. pusillus (52 sequence reads). Echocardiography demon
strated ventricular septal fistula (into the right atrium) and mitral valve perforation on POD 10 (Figure 5). The patient 
died of progressive hemodynamic collapse on POD 11. Postmortem skin biopsy pathological examination confirmed 
broad, non-septate hyphae consistent with mucormycosis in the deep dermis and subcutaneous fat layers (Figure 6).

Discussion
The present report describes a rare case of post-liver transplantation mucormycosis in a patient characterized by 
persistence of Cunninghamella and Rhizomucor species, cardiac involvement, progressively worsening necrotic lesions 
and eschar formation, and systemic spread, all of which contributed to a poor prognosis that eventually led to death on 
the 11th day after the procedure. The observations here highlight the importance of employing molecular diagnostic 
technologies such as mNGS for accurate detection and early initiation of antifungal treatment.

Mucormycosis is most commonly caused by Rhizopus, Mucor, and Lichtheimia (formerly Absidia) species.11 While 
Cunninghamella (formerly classified under Absidia) is less frequent, it is associated with exceptionally high mortality.12 

In this case, repeated serum mNGS detected Cunninghamella and Rhizomucor, which explains the patient’s poor 
prognosis. Mucormycosis progresses rapidly and is notoriously challenging to diagnose, contributing to its dismal 
survival rates.13 Serological diagnosis is particularly difficult compared to the diagnosis of other fungal infections, and 

Figure 4 Multiorgan CT findings showing disseminated mucormycosis. (A) Chest CT demonstrating multifocal consolidations in the lungs. (B) Splenic wedge-shaped infarct 
following vascular distribution (arrowhead). (C and D) Bilateral renal multiple wedge-shaped infarcts aligned with vascular territories (arrowhead).

Figure 5 Echocardiographic findings on postoperative day 7. (A) Sac-like structure protruding into the left atrium from the base of the anterior mitral leaflet, measuring 
1.0×1.0 cm (arrowhead). (B) Echo discontinuity in the membranous ventricular septum with a sac-like structure extending into the right atrium (1.4 × 0.4 cm) (arrowhead). 
(C) Perforation of the membranous ventricular septum with a defect width of 0.65 cm (arrowhead). (D) Peak flow velocity of 4.1 m/s at the septal perforation site.

Figure 6 Biopsy pathology images of eschar necrosis in the abdominal wall skin. (A) Hematoxylin and eosin staining, (B) periodic acid-Schiff staining, (C) Grocott’s 
methenamine silver (GMS) staining, and (D) immunofluorescence staining demonstrating abundant broad, non-septate, right-angled branching hyphae (arrowhead).
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historically, a definitive diagnosis was often achieved only postmortem via histopathological assessment.1,14 In the 
present case, too, the causative pathogen was identified later on in the disease course through mNGS, and the diagnosis 
was confirmed only through postmortem skin biopsy analysis. These findings highlight the current challenges in the 
timely diagnosis and treatment of mucormycosis.

The diagnosis of mucormycosis relies on early recognition of host risk factors, clinical signs, imaging observations, 
histopathological manifestations, and molecular diagnostics.15 The 2019 ECMM/MSGERC guidelines16 emphasize the 
application of imaging, histopathology, and culture for diagnosis, but these methods are limited by low culture yield and 
delayed histopathological presentation. For example, Mucorales lack 1,3-β-D-glucan in their cell walls,11 as a result of 
which serum galactomannan and β-D-glucan assays usually yield false-negative results.17 Further, while histopatholo
gical examination often reveals characteristic broad, pauci-septate hyphae, cultures frequently remain negative.18 Instead, 
fluorescence microscopy and molecular diagnostic techniques (eg, PCR and mNGS) may offer enhanced diagnostic 
accuracy,19,20 as observed in the present case, underscoring the critical role of mNGS in early detection, particularly in 
high-risk perioperative settings. Additionally, high-resolution CT may show angioinvasive features (eg, nodules, halo/ 
reverse halo signs, cavities, and wedge-shaped infarcts).6 Specifically, the reverse halo sign—a focal ground-glass 
opacity encircled by consolidation—is an early indicator of pulmonary mucormycosis.21,22 Disseminated disease, often 
hematogenously seeded from the lungs, may involve the heart, brain, or kidneys.23 In this patient, CT imaging revealed 
wedge-shaped hypodense lesions in the kidneys and spleen aligned with vascular distributions, suggestive of Mucorales- 
related intravascular fungal embolism leading to renal and splenic infarctions. These radiological findings indicated 
disseminated systemic mucormycosis.

Mucormycosis is classified based on anatomical involvement into rhinocerebral, pulmonary, cutaneous, gastrointestinal, 
and disseminated forms, as well as rare forms such as endocarditis, osteomyelitis, peritonitis, and renal infections.6 Cutaneous 
mucormycosis typically arises from traumatic inoculation of fungal spores into disrupted skin (eg, surgery, burns, and trauma), 
potentially leading to systemic dissemination.24,25 Skin lesions in primary cutaneous mucormycosis include abscesses, 
necrotic eschars, dry ulcers at the inoculation site. In contrast, diffuse erythema is a nonspecific sign of disseminated disease 
resulting from hematogenous spread, typically originating from pulmonary or rhinocerebral foci in immunocompromised 
hosts.26,27 In the present case, initial circular erythema progressed to necrosis and eschar formation, with lesions expanding in 
both number and severity. Thus, such cutaneous changes—particularly isolated, round erythematous, or necrotic lesions in 
post-transplant patients—should raise suspicion of mucormycosis and prompt immediate skin biopsy or mNGS to confirm the 
diagnosis and initiate aggressive antifungal therapy with or without surgical debridement.20

As reported by F. Lanternier et al28 infection site significantly impacted survival, with mortality rates of 22% 
(cutaneous), 25% (rhinocerebral), 48% (pulmonary), and 79% (disseminated). Pulmonary mucormycosis, the most 
common form in solid organ transplant recipients,29,30 often extends to the chest wall, vasculature, or 
mediastinum.31,32 Cardiac involvement (endocarditis or myocarditis) is rare but carries near-universal mortality.6 

Mucormycotic endocarditis manifests catastrophically as heart failure, valvular perforation, intracardiac masses, or 
sudden cardiac arrest. Without radical surgical excision and prolonged antifungal therapy, mortality approaches 
100%.20 A literature review identified 21 reported cases of cardiac mucormycosis between 1994 and 202317,32–51 and 
found only 4 survivors,38,39,42,51 one of whom experienced relapse39 (Table 1). The affected patients, including a blood 
type-incompatible liver transplant recipient, were found across all age groups and were reported to be universally 
immunocompromised as a result of immunosuppressive drug therapy.48 The clinical manifestations of cardiac mucor
mycosis include intracardiac mass or vegetations, myocardial infarction, congestive heart failure, conduction system 
disease, valvular incompetence, and pericarditis.52 Among the cases identified in the literature review, 2 presented with 
fatal complete atrioventricular block,33,45 5 exhibited coronary artery embolism (4 of whom manifested 
STEMI),32,44,46,47,50 10 demonstrated intracardiac masses or valvular vegetations, and 4 patients displayed myocarditis- 
associated symptoms.17,34,35,37 In the present case, an adult patient undergoing liver transplantation with a donation after 
brain death (DBD) graft for hepatic failure developed postoperative high-grade atrioventricular block and endocarditis 
complicated by perforation of the membranous ventricular septum and mitral valve. The clinical course culminated in 
fatal cardiac failure with cardiogenic shock. Diagnosis was predominantly confirmed histologically, often postmortem 
(50% of cases in our review, as observed in the current case too), highlighting the challenges with early detection and 
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Table 1 Epidemiological Features, Clinical Presentations, Pathogen Identification, Diagnostic Strategies, and Treatment Protocols in Cardiac Mucormycosis Patients

Case 
Number 
[Reference]

Publication 
Year, 
Nation

Age/ 
Sex

Underlying 
Disease  
(Immune Status)

Clinical Features of  
Cardiac Disorders

Other Involved 
Organs

Mucor 
Species

Means of 
Diagnosis

Surgical Approach Medication Prognosis

133 1994, United 
Kingdom

71/F DM, CRF, SLE Complete heart-block, 
Supraventricular and Ventricular 
arrhythmias

/ Mucormycosis Autopsy (an 
abscess in the 
muscular 
septum)

/ / Death

232 1999, 
Germany

35/M AML STEMI Lung, spleen, kidney Cunninghamella 
bertholletiae

Sputum culture; 
Autopsy

/ AMB (total dose 
225 mg), VORI

Death

334 2002, 
America

48/F LDRT Endocarditis (congestive heart 
failure)

Lung, brain, liver, 
spleen, pancreas, 
gastrointestinal tract, 
skin

Cunninghamella 
bertholletiae

Autopsy / / Death

435 2004, 
Switzerland

40/F AA (undergone 
a medullary cell 
transplantation)

Acute fulminant myocarditis Lungs, liver, kidneys, 
brain, skin

Mucormycosis Autopsy / / Death

536 2004, 
America

32/M Primary red cell 
aplasia

Aortic valve vegetation / Cunninghamella 
bertholletiae

Excised tissue 
culture

Aortic valve replacement and 
debridement of the proximal 
ascending aorta

AMB Death

637 2006, Türkiye 13/M AA Heart insufficiency manifested 
with sepsis

/ Mucormycosis Autopsy / AMB (1 mg/kg) Death

738 2007, Croatia 37/M UC Right atrial mass Lung Mucormycosis Excised tissue 
pathology

Surgical excision LAMB (5 mg/kg, 
total dose 1.8g)

Survived

839 2008, India 2/F T-cell 
immunodeficiency

Mitral valve vegetations Cerebral embolism Mucormycosis Excised mass 
histopathology

Surgical excision AMB (total dose 
45 mg/kg), FLU 
(5 mg/kg/d)

Survived 
(recurrence)

940 2008, 
Netherlands

80/F Essential 
thrombocytosis, 
implanted permanent 
pacemaker

Right atrium large mass attached 
to the pacemaker lead, Tricuspid 
stenosis

Lung Mucor spp Valve tissue 
culture

Surgical removal of the entire 
pacemaker system

LAMB (7 mg/kg) Death

1041 2009, Japan 71/F MDS Left atrial mass Cerebral embolism Mucormycosis Autopsy / / Death

1142 2010, 
America

6/F T-ALL Right ventricular mass Lung, the right 
pulmonary artery

Absidia 
corymbifera

Blood culture; 
Excised tissue 
pathology

Resection of the vegetations, radical 
resection of all involved cardiac 
tissues (secondary surgery)

LAMB (5–10 mg/ 
kg) and POS 
(200mg twice 
a day)

Survived

1243 2013, 
America

60/F GVHD after BMT for 
MDS

Left ventricular (multi- 
chambered) mass

/ Cunninghamella Excised tissue 
pathology

Debridement of the chambers / Death

1344 2016, 
Australia

26/F BLTx Anterior-STEMI (hyphal 
occlusion of the left anterior 
descending artery)

/ Mucormycosis Autopsy / / Death

1445 2018, Japan 74/F Overlapping 
dermatomyositis and 
SS, DILI

Complete atrioventricular block Lung, kidneys, spleen Mucormycosis Autopsy / / Death

1551 2019, 
America

62/M DM, AML Intracardiac mass extending 
between the right atrium and 
right ventricle

Lung Mucormycosis Lung biopsy / LAMB, POS Survived 
(dyspnea)
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1646 2020, 
America

57/M BLTx PEA, Infero-lateral wall STEMI 
(coronary artery thrombosis)

Lung, aorta, skin Apophysomyces 
elegans

Autopsy / / Death

1717 2020, Japan 64/M Amiodarone-induced 
interstitial 
pneumonia, (GC 
therapy)

Fulminant myocarditis Lung, brain, thyroid, 
subcutaneous tissue

Mucormycosis Autopsy / / Death

1847 2020, 
Germany

20/M Allo-SCT due to pro- 
B ALL

Mitral valve insufficiency, 
a thickened anterior valve leaflet 
and tendinous chord ruptures

/ Rhizomucor 
miehei

Autopsy / ISA Death

1948 2022, Japan 47/M ABOi-LDLT Bigeminy and atrial-ventricular 
block, cardiac arterial occlusion

Lung, brain, thyroid, 
liver, gastrointestinal 
tract, kidneys

Cunninghamella 
bertholletiae

PCR and 
culture of the 
excised lung 
segment

Right lung segmentectomy AMB (5mg/kg) Death

2049 2022, Japan 49/F B-ALL Large mural thrombus in the left 
ventricle

Lung, liver, kidney, 
spleen

Cunninghamella 
bertholletiae

Autopsy / / Death

2150 2023, Japan 63/F AML (M5a) STEMI (inferior wall), Cardiac 
arrest

Lung Mucormycosis Autopsy / / Death

Abbreviations: DM, diabetes mellitus; CRF, chronic renal failure; SLE, systemic lupus erythematosus; AML, acute myelogenous leukemia; LDRT, living donor renal transplantation; AA, Aplastic anaemia; UC, Ulcerative colitis; MDS, 
myelodysplastic syndrome; T-ALL, T-cell acute lymphoblastic leukemia; GVHD, graft-versus-host disease; BMT, bone marrow transplantation; BLTx, bilateral lung transplantation; SS, Sjögren syndrome; DILI, drug-induced liver injury; GC, 
glucocorticoids; Allo-SCT, allogeneic stem cell transplantation; ALL, acute lymphoblastic leukemia; ABOi-LDLT, ABO-incompatible living donor liver transplantation; B-ALL, B-cell acute lymphoblastic leukemia; STEMI, ST-segment 
elevation myocardial infarction; PEA, pulseless electrical activity; PCR, polymerase chain reaction; AMB, amphotericin B; VORI, voriconazole; LAMB, liposomal amphotericin B; FLU, fluconazole; POS, posaconazole; ISA, isavuconazole.
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rapid progression. The International Society for Cardiovascular Infectious Diseases (ISCVID) updated infective endo
carditis diagnostic criteria to reflect advances in microbiology, diagnostics, epidemiology, and management. The 2023 
Duke-ISCVID criteria now include PCR and metagenomic sequencing as major microbiological criteria.53 In the 
reviewed literature, all 6 patients with confirmed Cunninghamella infection died,32,34,43,48,49 as observed in the present 
case. Moreover, species identification was not possible in 11 cases of Mucorales infection. Cunninghamella infection 
portends a dismal prognosis, with survival rates below 30%. All previously reported cases of disseminated 
Cunninghamella disease were fatal.54 Disseminated multiorgan involvement was documented in 15 cases, with the 
origin of the disease identified as pulmonary mucormycosis with cardiac invasion in one case32 and mycotic endocarditis 
secondary to catheter-related infection in another case.38 Cardiac involvement typically reflects disseminated disease, 
arising via hematogenous spread or direct pulmonary invasion. Autopsy findings in such cases reveal fungal thrombi, 
invasive necrosis of the myocardium, and infarction. In this case, high-grade atrioventricular block on POD 1 corre
sponded to echocardiographic findings of septal perforation near the atrioventricular node and His bundle. Overall, the 
observations in the present case corroborate the findings of other studies on cases of mucormycosis with cardiac 
involvement and highlight the challenges with diagnosis.

Management of mucormycosis requires risk stratification, rapid antifungal therapy, surgical debridement, and 
reversal/elimination of predisposing factors.55 First-line agents include lipid-based amphotericin B (5–10 mg/kg of 
body weight/day), with isavuconazole and posaconazole recommended as preferred options for salvage therapy. 
Although lipid-based amphotericin B has a lower incidence of nephrotoxicity, its higher cost leads to the more frequent 
use of conventional amphotericin B in Asian and African countries. The optimal duration of treatment for mucormycosis 
remains unclear, typically requiring weeks to months, and there is limited high-quality evidence supporting combination 
antifungal therapy. In our review of mucormycosis with cardiac involvement, all 4 surviving patients38,39,42,51 received 
timely antifungal therapy with amphotericin B. In our case, although mucormycosis was detected via serum mNGS and 
treated with isavuconazole combined with amphotericin B colloidal dispersion, the dosage was suboptimal (3–5 mg/kg of 
body weight/day). The 2019 ECMM/MSGERC guidelines16 recommend that surgical intervention be strongly considered 
when mucormycosis is suspected, provided surgical conditions are feasible. Notably, 3 patients (from our review) who 
achieved clinical improvement or were cured underwent prompt surgical debridement38,39,42 (including one case with 
incomplete initial radical resection that required secondary debridement due to recurrent infection).42 However, cardiac 
manifestations typically emerge when disseminated infection is already established, precluding surgical intervention, 
which was observed in most patients in the reviewed literature. In the present case, too, the patient rapidly developed 
high-grade atrioventricular block that was suggestive of fungal invasion of the membranous portion of the interven
tricular septum. In addition, the patient exhibited clinical manifestations of disseminated infection involving skin, 
kidneys, spleen, and lungs. These presentations rendered the patient ineligible for surgical intervention. Consequently, 
the infection remained uncontrolled. Retrospectively, serum mNGS testing should have been performed earlier when the 
patient was transferred to the ICU in the preoperative period due to shock and respiratory failure, as this would have 
enabled earlier initiation of therapy and slowed disease progression.

Conclusions
Despite its relative rarity, mucormycosis poses a significant threat to immunocompromised patients due to its persistently 
high mortality rates. The nonspecific clinical manifestations and signs of mucormycosis present substantial diagnostic 
and therapeutic challenges. With advancements in liver transplantation techniques and perioperative management, an 
increasing number of patients with end-stage liver disease are undergoing transplantation, necessitating heightened 
vigilance for mucormycosis in this population. Direct microscopy, fungal culture, and histopathology remain the 
cornerstone of diagnosis but face several limitations in terms of timely diagnosis. Instead, novel molecular diagnostic 
technologies offer a complementary approach to facilitate early detection and prompt initiation of therapy. Effective 
management of mucormycosis requires multidisciplinary collaboration, and timely administration of targeted antifungal 
therapy is critical to reducing mortality.
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