CASE IN POINT

Pulmonary Mucormycosis in a Patient
With Uncontrolled Diabetes

Kirill Lipatov, MD; Chaya Patel, MD; Tasnim Lat, DO; Andrew Shakespeare, MD; Bo Wang, MD;
and Gagan Prakash, MD

Prompt diagnosis of a patient presenting with rhinocerebral, pulmonary, gastrointestinal,
and central nervous system manifestations is critical for treatment of this potentially fatal

fungal infection.
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ucorales fungi are ubiquitous organ-
M isms commonly inhabiting soil and

can cause opportunistic infections. The
majority of infections are caused by 3 genera:
Rhizopus, Mucor, and Rhizomucor.! Infection
occurs by inhalation or by direct contact with
damaged skin. Mucorales infections can have
cutaneous, rhinocerebral, pulmonary, gastro-
intestinal, and central nervous system mani-
festations. Pulmonary mucormycosis is often
rapidly progressive with angioinvasion and ful-
minant necrosis causing acute dyspnea, hemop-
tysis, and chest pain. More indolent pulmonary
Mucorales infections can mimic a pulmonary
mass with occasional cavitation found on im-
aging studies similar to other fungal infections
(eg, Aspergillus).? Risk factors include severe
uncontrolled diabetes mellitus (DM), recur-
rent diabetic ketoacidosis (DKA), immuno-
suppression due to congenital or acquired
causes, hematologic malignancies, and chronic
renal failure.®> The authors present a case of a
patient with recurrent DKA and pulmonary
Mucormycosis.

CASE PRESENTATION
A 62-year-old male with DM and a more than
30-pack-year smoking history presented to the
emergency department with abdominal pain
and chest pain ongoing for about 1 week. The
patient had a history of frequent admissions
with DKA and medication nonadherence.

On admission, the patient was hemody-
namically stable. His vital signs were: temper-
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ature 97.4° E heart rate 89 bpm, respirations
24 breathes per minute, blood pressure
146/86 mm Hg, and oxygen saturation 94%
on ambient air. The patient appeared ill but the
physical examination was otherwise unremark-
able. Laboratory results revealed a white blood
cell count of 24,400 with neutrophilic predomi-
nance, blood glucose 658 mg/dL, creatinine
clearance 2.16 ml/min/1.73 m?, sodium level
124 mEq/L, bicarbonate 6 mEq/L, anion gap
27 mEq/L, 6.8 pH, partial pressure of CO,
11 mm Hg, and lactic acid 2.3 mmol/L.

The patient admitted for DKA management
and placed on an insulin drip. Although he did
not have a fever or cough productive of sputum
or hemoptysis, there was concern that pneu-
monia might have precipitated DKA. A chest
X-ray revealed a patchy, right suprahilar opacity
(Figure 1).

The patient was placed on vancomy-
cin 1,000 mg every 12 hours and cefepime
2,000 mg every 12 hours for possible hospi-
tal-acquired pneumonia because of his his-
tory of recent DKA hospitalization. Once the
patient’s anion gap was closed and metabolic
acidosis was resolved, the insulin drip was
discontinued, and the patient was transferred
to the general medical ward for further man-
agement. There, he continued to report hav-
ing chest pain. A computed tomography (CT)
scan without contrast of the chest (contrast was
held due to recent acute kidney injury) revealed
right hilar soft tissue density obstructing the
bronchus intermidius, which had resulted in a
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FIGURE 2 Chest Computer FIGURE 3 Bronchoscopic Findings
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FIGURE 1 Initial Chest X-ray

p— : Tomography Scan Without
4 ' Contrast

Scan shows right hilar soft tissue den-
sity obstructing the bronchus intermi- Extensive mucosal debris and external
dius, resulting in right lung collapse compression of the right main stem
bronchus can be seen.

Chest X-ray showing patchy right

suprahilar opacity.

right-lung collapse and right-sided pleural ef-
fusion (Figure 2). The left lung was clear, and
there was no evidence of nodularity.

Given the patient’s extensive smoking his-
tory, the initial concern was for pulmonary ma-
lignancy. The decision was made to proceed
with bronchoscopy with endobronchial ultra-
sound-guided transbronchial needle biopsy. En-
dobronchial brushings and biopsies of R11, 7,
right bronchus intermedius, and right upper
lobe were obtained. Gross inspection of the
airway revealed markedly abnormal-appearing
mucosa involving the take off to the right upper
lobe and the entire bronchus intermedius with
friable, cobblestoned, and edematous mucosa.
Biopsies and immunostaining for occult carci-
noma markers, including CD-56, TTF-1, Syn-
aptophysin A, chromogranin, AE1/AE3, and
CK-5/6, were negative for malignancy. Final
microbiologic analysis was positive for Mucor.
There was no evidence of bacterial or mycobac-
terial growth.

Due to continued suspicion for malignancy
and lack of histologic yield, the patient under-
went a repeat endobronchial ultrasound-guided
needle biopsy. On this occasion, gross inspec-
tion revealed significant mucosal necrosis and
extensive, extrinsic bronchial compression
starting from the right bronchial division and
notable throughout the right middle and lower
lobes (Figure 3).

Bronchial washings revealed necrotic mate-
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and right-sided pleural effusion.

rial with rare fungal hyphae present. Biopsies
yielded necrotic material or lung tissue contain-
ing nonseptate hyphae with rare, right-angle
branching consistent with Mucor (Figures 4 and
5). Malignancy was not present in the speci-
mens obtained.

Based on the bronchoscopy results, thoracic
surgery and infectious disease specialists were
consulted. Surgical intervention was not recom-
mended because of concerns for potential post-
operative complications. The infectious disease
specialists recommended initiation of liposomal
amphotericin B at 10 mg/kg/d. Magnetic reso-
nance imaging of the head showed parietal lobe
enhancement with restricted diffusion most
consistent with prior infarct. Paranasal sinus
disease also was demonstrated. The latter find-
ings prompted further evaluation. The patient
underwent right and left endoscopic resection
of concha bullosa as well as left maxillary endo-
scopic antrostomy. Gross examination showed
thick mucosa in left concha bullosa, polypoid
changes anterior to bulla ethmoidalis, and clear
left maxillary sinus. The procedure had to be
aborted when the patient experienced cardiac
arrest secondary to ventricular fibrillation; he
was successfully resuscitated.

Samples from the contents of right and left
sinuses as well as left concha bullosa were sub-
mitted to pathology, showing benign respiratory
mucosa with chronic inflammation and foci of
bone without fungal elements. There was no
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other evidence of disseminated mucormycosis.
The patient had a prolonged hospital course
complicated by progressive hypoxemia, acute
kidney injury, and toxic metabolic encepha-
lopathy. Three months after his original diag-
nosis, he sustained another cardiac arrest in the
hospital. Shortly after achieving return of spon-
taneous circulation and initiation of invasive
mechanical ventilation, the family elected to
withdraw care. The family declined an autopsy.

DISCUSSION

This article describes a case of subacute pulmo-
nary mucormycosis in a patient with recurrent
DKA. Although patients with poorly controlled
DM commonly present with the rhinocerebral
form of mucormycosis, pulmonary involvement
with a subacute course has been described. De-
termining the final diagnosis for the current pa-
tient was challenging due to the subtlety of his
respiratory symptoms and the inconsistent ini-
tial findings on chest radiography. A pulmonary
disease was finally suspected when a mass was
found on the CT scan. However, the middle
mediastinal mass was more suspicious for ma-
lignancy, particularly given the patient’s smok-
ing history and persistent hyponatremia. In fact,
the lack of any neoplastic findings on the initial
endobronchial biopsy prompted the health care
team to pursue a second biopsy that was consis-
tent with mucormycosis.

This case demonstrates the challenges of
prompt diagnosis and treatment of this poten-
tially fatal infection. Furthermore, the extent
of the disease at diagnosis precluded this pa-
tient from having a surgical intervention, which
has been associated with better outcomes than
those of medical management alone. Finally,
it remains unknown whether the patient had
an underlying malignancy, which could have
increased the likelihood of pulmonary mu-
cormycosis; the biopsy yield may have been
confounded by repeated sampling of necrotic
material caused by mucormycosis. Further in-
vestigation of any potential pulmonary neo-
plasm was limited by the patient’s clinical
condition and the poor prognosis due to the
extent of infection.

Mucorales is an order of fungi comprised of
6 main families that have potential to cause a
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variety of infections. The genera Mucor, Rhi-
zopus, and Rhizomucor cause the majority of
infections.! Mucormycosis (infection with Mu-
corales) is generally a rare fungal infection with
an incidence of about 500 cases per year in the
U.S. However, the incidence is increasing with
an aging population, higher prevalence of DM
and chronic kidney disease, and a growing pop-
ulation of immunocompromised patients due
to advances in cancer therapy and transplanta-
tion. Risk factors for pulmonary mucormycosis
include conditions associated with congenital
and acquired immunodeficiency: hematologic
malignancies, uncontrolled DM, solid tumors,
and organ transplantation.

Presentation

Notably, there seems to be an association be-
tween specific organ system involvement and
predisposing conditions. Pulmonary mucormy-
cosis occurs much less frequently than does the
rhinocerebral form in patients with DKA but
occurs more commonly in patients with neutro-
penia that is due to chemotherapy or hemato-
poietic stem cell transplantation (HSCT) for the
treatment of hematologic malignancies.

The mechanisms for preferential site in-
fection are not well understood with current
knowledge of mucormycosis pathogenesis.
Current research demonstrates monocytes and
neutrophils may play a vital role in the body’s
defense against Mucor by both phagocytosis
and oxidative damage. Chemotaxis and oxida-
tive cell lysis seem to be compromised in states
of hyperglycemia and acidosis. Iron metabolism
repeatedly has been shown to play a role in the
pathogenesis of mucormycosis. Specifically, pa-
tients receiving deferoxamine seem to have a
predisposition to Mucorales infections, presum-
ably due to the increased iron supply to the fun-
gus.* Notably, systemic acidosis also facilitates
higher concentrations of available serum iron.

One of the main characteristics of mucormy-
cosis is its ability to aggressively invade blood
vessels, causing thrombosis and necrosis and
subsequently disseminate hematogenously or
through the lymphatic system. This property, at
least in large part, depends on endothelial cell
damage following phagocytosis of fungus by
these cells.
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FIGURE 4 Hematoxylin and Eosin Stain of the
Endobronchial Biopsy

Specimen showed nonseptate wide-based hyphae.

Of note, some of the azole class of drugs
(eg, voriconazole), which may be used for
antifungal prophylaxis in patients with he-
matologic malignancies accompanied by
neutropenia, have been implicated in pre-
disposition to mucormycosis.? It also is com-
monly seen in patients undergoing HSCT.
Patients with DM and DKA also can present
with pulmonary mucormycosis but gener-
ally have a more indolent course unless they
develop pulmonary hemorrhage.’ Infection
usually occurs by inhalation.

Patients may report dyspnea, cough, and
chest pain, which is sometimes accompanied by
a fever. Presentation is generally indistinguish-
able from other causes of pneumonia, and the
routinely obtained sputum cultures are usually
not diagnostically significant.

Radiographic findings are variable and may
include pulmonary nodules, consolidations,
masses, and cavitary lesions.! Due to tissue in-
vasion, a CT scan of the chest might demon-
strate a mass crossing mediastinal tissue planes.
Definitive diagnosis requires a biopsy with a
demonstration of characteristic broad-based
nonseptate hyphae with tissue invasion as well
as a positive culture (Figures 4 and 5).° Due
to nonspecific symptoms as well as laboratory
and imaging findings, a biopsy and, therefore,
definitive diagnosis are often delayed. However,
postponing medical and surgical therapy for
mucormycosis has been associated with worse
outcomes.® With the absence of easily available
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serologic tests and unspecific symptoms in early
disease, many mucormycosis cases are diag-
nosed postmortem.

Treatments
Recently described therapy advancements
have indicated improved outcomes.” Never-
theless, prognosis remains universally poor
with 65% to 70% mortality for patients with
cases of isolated pulmonary mucormycosis.®
Many of these patients succumb to sepsis,
respiratory failure, and hemoptysis. Patients
with pulmonary mucormycosis usually die
of dissemination rather than of the sequelae
of the pulmonary disease. In fact, pulmonary
infection seems to have the highest incidence
of dissemination in patients with neutropenia.
Surgical therapy seems to have more favorable
outcomes than treatment with antifungals
alone, especially when considering infection
primarily affecting 1 lung.®

Amphotericin B remains the first-line agent
for treatment of pulmonary mucormycosis. Ret-
rospective studies show that this agent remains
one of the few with activity against Mucor with
reported successful outcomes. Specifically, the
liposomal formulation seems to have greater
efficacy.’ Strong prospective data are lacking.
An increasing body of evidence supports a po-
tential benefit from adding echinocandins.
Although these agents have minimal activity
against mucormycosis in vitro, adjunctive ther-
apy to amphotericin resulted in better survival.
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FIGURE 5 Papanicolaou Stain With Nonseptate
Right-Angle Branching Hyphae
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Alternative regimens include the combination
of amphotericin with posaconazole or itracon-
azole. Both these agents seem to have in vitro
activity against mucormycosis pathogens, al-
though poor absorption of these agents puts
the potential benefit of such combinations in
question.

In patients unable to tolerate polyenes due to
adverse effects (AEs), the use of posaconazole
as monotherapy has been reported with posi-
tive results. One retrospective study reported
treatment success in up to 60% and stable dis-
ease in 21% of patients at 12 weeks. This study
included 24 out of 36 patients with pulmonary
mucormycosis.'! Significantly fewer AEs and
oral administration makes posaconazole an at-
tractive alternative treatment for mucormycosis
and needs further prospective evaluation.

Novel therapies have been attempted,
though without success thus far. One random-
ized clinical trial conducted on patients with
mucormycosis attempted to determine whether
capitalizing on iron metabolism by Mucor by
providing adjunctive deferasirox, an iron che-
lator, would lead to an initial improvement in
mortality. However, outcomes did not improve
and resulted in higher mortality rates at 90 days
in the intervention group.'?

Reversal of underlying conditions remains
the cornerstone of successful therapy. If pos-
sible, it is important to cease immunosuppres-
sion by avoiding corticosteroids, correcting
acidosis and hyperglycemia, and discontinuing
aluminum and iron chelators."® This approach
becomes problematic in patients with DM with
poor glucose control due to nonadherence or
lack of resources and in situations where the
underlying condition is difficult to treat or the
treatment puts patients at risk for mucormy-
cosis (eg, malignancies). Surgery in addition to
antifungal therapy should be pursued wherever
possible for definitive therapy.
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