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CASE REPORT

Surgical treatment of appendiceal 
mucormycosis in an immunocompromised 
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Abstract 

Background Gastrointestinal mucormycosis is a rapidly progressing and often fatal disease, predominantly affect-
ing immunocompromised patients. Surgical intervention, in addition to antifungal therapy, is essential. Herein, we 
describe the successful management of appendiceal mucormycosis in a patient with acute promyelocytic leukemia 
through rapid surgical intervention and antifungal therapy.

Case presentation A 29-year-old woman underwent autologous peripheral blood stem cell transplantation 
for acute promyelocytic leukemia (APL). Subsequently, her condition relapsed, and remission induction therapy 
was initiated. During the immunosuppressive period, she developed a fever and severe abdominal pain. Computed 
tomography revealed severe edema of the ileum, cecum, and ascending colon. Despite receiving multiple antibiotics, 
antivirals, and antifungals, her condition showed no improvement. Consequently, she underwent exploratory lapa-
rotomy, with no bowel perforation noted, revealing severe inflammation in the ileum, cecum, and ascending colon, 
as well as appendiceal necrosis. Appendectomy was performed, and histopathological analysis revealed hyphae 
in the vessels and layers of the appendiceal wall, suggestive of mucormycosis. The patient was diagnosed with appen-
diceal mucormycosis, and liposomal amphotericin B was administered. Subsequent monitoring showed no recur-
rence of mucormycosis. Genetic analysis of the resected tissue revealed Rhizopus microspores as the causative agent.

Conclusions Rapid surgical intervention and antifungal drug administration proved successful in managing appen-
diceal mucormycosis in a patient with APL. Early recognition and aggressive surgical intervention are imperative 
to improve outcomes in such patients.
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Background
Mucormycosis, which is caused by fungi of the Mucor-
ales order [1], is a rare yet rapidly progressing condition, 
necessitating immediate intervention. The all-cause mor-
tality rates of mucormycosis range from 40 to 80% [1]. 
The underlying diseases include hematologic malignan-
cies, trauma, hematopoietic stem cell transplantation, 
and diabetes mellitus. Of these, hematological malignan-
cies are the most common [2]. Mucormycosis-related dis-
eases manifest in various forms, including rhinocerebral, 
pulmonary, cutaneous, gastrointestinal, disseminated, or 
others [3]. The frequency of gastrointestinal mucormy-
cosis is reported to be 5–15% [4]. While the stomach is 
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the most common site of gastrointestinal mucormycosis, 
followed by the colon and the ileum, appendiceal mucor-
mycosis is an extremely rare condition. To the best of our 
knowledge, there are three detailed reports of appen-
diceal mucormycosis in adults [5–7]. Two of the three 
cases have hematologic malignancies, and all three are on 
chemotherapy.

Surgical intervention is recommended as early as 
possible for mucormycosis, especially for the skin, rhi-
nocerebral, and pulmonary forms [1, 8, 9]. Surgical 
intervention is associated with increased survival [2]. 
However, reports of surgical interventions for gastroin-
testinal mucormycosis are limited.

In this report, we describe a case of appendiceal mucor-
mycosis in a patient with acute promyelocytic leukemia 
(APL) who had good prognosis after surgical interven-
tion and antifungal therapy with liposomal amphotericin 
B (L-AMB).

Case presentation
A 29-year-old woman who was diagnosed with APL 
achieved complete response (CR) with remission induc-
tion therapy, including all-trans retinoic acid, followed 
by consolidation therapy. Despite these treatments, she 
experienced hematological relapse, necessitating remis-
sion induction therapy including arsenic trioxide (ATO), 
resulting in another CR, and subsequently underwent 
autologous peripheral blood stem cell transplantation. 
However, the patient showed hematological relapse and 
was treated with induction remission therapy with ATO 
and idarubicin. She experienced prolonged myelosup-
pression and was severely immunosuppressed. Subse-
quently, she developed fever and severe abdominal pain. 
Computed tomography (CT) revealed ascites and severe 

edema of the ileum, cecum, and ascending colon (Fig. 1). 
The appendix was not contrasted and could not be rec-
ognized. Meropenem, vancomycin, and metronidazole 
were administered as antibacterial agents, acyclovir and 
ganciclovir as antivirals, and micafungin and L-AMB as 
antifungals (Fig. 2). Laboratory findings indicated severe 
pancytopenia, neutrophil count of 109/µL, hemoglobin 
level of 7.7 g/dL, and platelet count of 15,000/µL, with a 
highly elevated inflammatory response with a C-reactive 
protein (CRP) level of 27.34  mg/dL. Therefore, she was 
administered red blood cell and platelet transfusions, 
granulocyte-colony stimulating factor, and intravenous 
immunoglobulin.

After four days of conservative treatment with no 
improvement, exploratory laparotomy was performed, 
accessing the lower abdomen through a midline inci-
sion. Because of sepsis and the need for rapid and reli-
able source control, laparotomy was chosen instead of 
laparoscopy. Although there was no evidence of bowel 
perforation, severe inflammation of the ileum, cecum 
and ascending colon and necrosis of the appendix were 
observed. As the appendix was the main site of inflam-
mation, appendectomy was performed, with an operative 
time of 115  min and minimal blood loss. The resected 
specimen was all necrotic, with marked wall thickening 
(Fig. 3). Microscopically, the hyphae were in the submu-
cosa, showing branching at about 90°, suggesting mucor. 
The small arteries were filled with hyphae and showed 
hyphae embolization (Fig.  4). Blood tests showed nega-
tive results for β-d glucan and Aspergillus GM antigen; 
thus, appendiceal mucormycosis was strongly suspected. 
Genetic analysis of the resected tissue using panfun-
gal primers to target the fungal ribosomal RNA genes 
revealed that Rhizopus microsporus was the causative 

Fig. 1 Abdominal contrast-enhanced computed tomography (CT). CT shows marked wall thickening from the ileum to the ascending colon, 
with massive ascites (arrow) and a low-density area suspicious for an abscess (arrowhead). The appendix was not contrasted and could not be 
recognized
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fungus. Until postoperative day 2, she was treated with 
antimicrobials because of suspected bacterial appendi-
citis. L-AMB therapy was started on postoperative day 
3 after histopathological examination results were avail-
able. Postoperatively, the neutrophil count recovered 
gradually, and the CRP level showed a decreasing trend 
(Fig. 2). No postoperative complication, such as surgical 
site infection, was noted. L-AMB therapy was terminated 
on day 56. Prior to the end of treatment, colonoscopic 
biopsy was performed for confirmation of no residual 
lesion. The patient underwent allogeneic hematopoietic 
stem cell transplantation for APL, with no evidence of 
mucormycosis recurrence.

Discussion
Despite the high perioperative risk, aggressive surgi-
cal intervention for gastrointestinal mucormycosis can 
help in improving prognosis. When immunocompro-
mised patients who have undergone organ or stem cell 
transplantation have hematologic malignancies or dia-
betes mellitus or are on steroids present with an acute 
abdomen, we must consider the involvement of fungi, 
especially Mucorales, as well as bacterial causes. How-
ever, early diagnosis of gastrointestinal mucormycosis 
is extremely difficult, as its symptoms and imaging find-
ings are nonspecific. In the past, the disease was often 
detected during autopsy; however, in recent years, it has 

Fig. 2 Perioperative course of the treatment and inflammatory response. The inflammatory response improved with surgery and L-AMB 
administration

Fig. 3 Macroscopic findings. a The appendix is enlarged, particularly from the middle to the tip. b Resected appendiceal specimen. Wall thickening 
and hemorrhaging can be seen in the appendix and surrounding fatty tissue (arrow). The appendix was found to be infected and necrotic 
from the root to the tip
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been detected earlier more frequently [10]. Nevertheless, 
gastrointestinal mucormycosis is rarely diagnosed preop-
eratively and is most often discovered postoperatively, as 
in our case.

Patients prone to mucormycosis generally have a 
higher perioperative risk. The patient in our study also 
had bone marrow suppression due to a hematologic 
malignancy and was at risk of perioperative infection due 
to neutropenia and postoperative bleeding due to throm-
bocytopenia. The mortality rate of surgical intervention 
is approximately five times higher in patients with hema-
tologic malignancies than in the general surgical popu-
lation, necessitating careful consideration to determine 
whether surgical intervention should be performed [11]. 
However, surgical intervention, in addition to antifun-
gal agents, can improve the prognosis of patients with 
mucormycosis [12]. Mucormycosis causes vascular inva-
sion, thrombosis, and tissue necrosis, preventing antifun-
gal penetration at the infection site [8, 12]. In some cases, 
there may be no response to antifungal drugs despite 
susceptibility to these agents. In such cases, prompt con-
sideration should be given to early surgical intervention 
aimed at debriding the Mucor-infected site. Although it is 
desirable to resect as many lesions as possible to increase 
the efficacy of antifungals, it is difficult to determine the 
extent of resection. Rapid intraoperative pathology has 

been reported to be helpful in determining the resec-
tion margins [13] and may be useful for mucormycosis 
of the colon and small intestine. In our case, Mucorales 
was present at root of the appendix. Although there was 
a high possibility that Mucorales remained in the cecum, 
postoperative administration of antifungal agents led to 
the cure of the disease. Possible reasons for this are that 
the site of hyphae embolization due to vascular invasion 
was localized to the appendix and the residual lesions 
were well penetrated by antifungal agents. This is sug-
gested by the absence of a contrast effect in the appendix 
on preoperative CT but the presence of a contrast effect 
in the ileum, cecum, and ascending colon.

Delayed administration of antifungal agents for mucor-
mycosis can significantly increase mortality [14]. In 
immunocompromised patients presenting with an acute 
abdomen, antibiotics and antifungals, including L-AMB, 
should be administered first, with mucormycosis in con-
sideration. If a patient does not respond to drug treat-
ment and there is no improvement in the condition, 
surgical intervention should be administered promptly. 
If a diagnosis of mucormycosis is made, surgery should 
be performed immediately; however, mucormycosis is 
difficult to diagnose. Moreover, the criteria for consid-
ering surgical intervention in cases of undiagnosed but 
suspected mucormycosis have not been established. 

Fig. 4 Microscopic findings of the appendix. a Inflammatory cell infiltration is almost absent within the appendiceal wall tissue (hematoxylin 
and eosin staining ×200). b Hyphae are present in the submucosa and branch at an angle of about 90° (arrow) (Grocott’s staining ×200). c There 
is little inflammatory cell infiltration within the small arteries or surrounding tissue (hematoxylin and eosin staining ×100). d Mucorales infiltrates 
from the vessel wall into the vessel lumen (arrow). The small arteries are filled with hyphae (arrowhead) (Grocott’s staining ×100)



Page 5 of 5Orihara et al. Surgical Case Reports          (2024) 10:159  

Considering the speed of mucormycosis progression, 
evaluation and treatment must be performed promptly if 
mucormycosis is suspected.

Although many studies have reported on the efficacy 
of surgical intervention for the rhinocerebral and pulmo-
nary forms of mucormycosis [15–17], reports on surgi-
cal intervention for gastrointestinal mucormycosis are 
limited. However, in the present case, emergency sur-
gery was performed within approximately 4  days of the 
onset of abdominal pain, which allowed for the control 
of inflammation, identification of the fungus, and selec-
tion of antifungals accordingly. These results suggest the 
effectiveness of surgical intervention in the treatment of 
gastrointestinal mucormycosis.

Conclusions
Herein, we report a case of successful surgical interven-
tion for appendiceal mucormycosis in a patient with 
myelosuppression secondary to acute promyelocytic 
leukemia. The acute abdomen in immunocompromised 
patients may be caused by Mucorales, warranting con-
sideration of aggressive surgical interventions, such as 
debridement, for such patients.
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L-AMB  Liposomal amphotericin B
CR  Complete response
ATO  Arsenic trioxide
CT  Computed tomography
CRP  C-reactive protein

Acknowledgements
We would like to thank Editage (www. edita ge. jp) for the English language 
editing.

Author contributions
KH, SK, and KK contributed to the drafting and revision of the manuscript. All 
the authors have read and approved the final manuscript.

Funding
None.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Informed consent was obtained from her parents for publication of this case 
report.

Competing interests
The authors declare no conflicts of interest.

Received: 18 April 2024   Accepted: 16 June 2024

References
 1. Cornely OA, Alastruey-Izquierdo A, Arenz D, Chen SCA, Dannaoui E, 

Hochhegger B, et al. Global guideline for the diagnosis and management 
of mucormycosis: an initiative of the European Confederation of Medical 
Mycology in cooperation with the Mycoses Study Group Education and 
Research Consortium. Lancet Infect Dis. 2019;19:e405–21.

 2. Skiada A, Pagano L, Groll A, Zimmerli S, Dupont B, Lagrou K, et al. 
Zygomycosis in Europe: analysis of 230 cases accrued by the registry 
of the European Confederation of Medical Mycology (ECMM) Working 
Group on Zygomycosis between 2005 and 2007. Clin Microbiol Infect. 
2011;17:1859–67.

 3. Petrikkos G, Skiada A, Lortholary O, Roilides E, Walsh TJ, Kontoyiannis DP. 
Epidemiology and clinical manifestations of mucormycosis. Clin Infect 
Dis. 2012;54(Suppl 1):S23-34.

 4. Addasi Y, Nguyen AH, Sabri A, Ahmad F, Rangray R, Velagapudi M. 
Gastrointestinal mucormycosis: a clinical review. Gastroenterology Res. 
2023;16:249–53.

 5. Alghamdi A, Lutynski A, Minden M, Rotstein C. Successful treatment of 
gastrointestinal mucormycosis in an adult with acute leukemia: case 
report and literature review. Curr Oncol. 2017;24:e61–4.

 6. Choi WT, Chang TT, Gill RM. Gastrointestinal Zygomycosis masquerading 
as acute appendicitis. Case Rep Gastroenterol. 2016;10:81–7.

 7. Naor S, Sher O, Grisaru-Soen G, Levin D, Elhasid R, Geffen Y, et al. Mucor 
appendicitis resolution following surgical excision without antifungal 
therapy. Isr Med Assoc J. 2018;20:592–3.

 8. Spellberg B, Walsh TJ, Kontoyiannis DP, Edwards J Jr, Ibrahim AS. Recent 
advances in the management of mucormycosis: from bench to bedside. 
Clin Infect Dis. 2009;48:1743–51.

 9. Roden MM, Zaoutis TE, Buchanan WL, Knudsen TA, Sarkisova TA, Schaufele 
RL, et al. Epidemiology and outcome of Zygomycosis: a review of 929 
reported cases. Clin Infect Dis. 2005;41:634–53.

 10. Kaur H, Ghosh A, Rudramurthy SM, Chakrabarti A. Gastrointestinal mucor-
mycosis in apparently immunocompetent hosts-a review. Mycoses. 
2018;61:898–908.

 11. Forrester JD, Syed M, Tennakoon L, Spain DA, Knowlton LM. Mortality 
after general surgery among hospitalized patients with hematologic 
malignancy. J Surg Res. 2020;256:502–11.

 12. Spellberg B, Edwards J Jr, Ibrahim A. Novel perspectives on mucormyco-
sis: pathophysiology, presentation, and management. Clin Microbiol Rev. 
2005;18:556–69.

 13. Reed C, Bryant R, Ibrahim AS, Edwards J Jr, Filler SG, Goldberg R, et al. 
Combination polyene-caspofungin treatment of rhino-orbital-cerebral 
mucormycosis. Clin Infect Dis. 2008;47:364–71.

 14. Chamilos G, Lewis RE, Kontoyiannis DP. Delaying amphotericin B-based 
frontline therapy significantly increases mortality among patients 
with hematologic malignancy who have Zygomycosis. Clin Infect Dis. 
2008;47:503–9.

 15. Asai K, Suzuki K, Takahashi T, Ito Y, Kazui T, Kita Y. Pulmonary resection with 
chest wall removal and reconstruction for invasive pulmonary mucormy-
cosis during antileukemia chemotherapy. Jpn J Thorac Cardiovasc Surg. 
2003;51:163–6.

 16. Reid VJ, Solnik DL, Daskalakis T, Sheka KP. Management of bronchovas-
cular mucormycosis in a diabetic: a surgical success. Ann Thorac Surg. 
2004;78:1449–51.

 17. Nithyanandam S, Jacob MS, Battu RR, Thomas RK, Correa MA, D’Souza O. 
Rhino-orbito-cerebral mucormycosis A retrospective analysis of clinical 
features and treatment outcomes. Indian J Ophthalmol. 2003;51:231–6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

http://www.editage.jp

	Surgical treatment of appendiceal mucormycosis in an immunocompromised patient: a case report
	Abstract 
	Background 
	Case presentation 
	Conclusions 

	Background
	Case presentation
	Discussion
	Conclusions
	Acknowledgements
	References


