
ocardial infection often occurs in the setting of
immunocompromise because cell-mediated
and T-cell immune responses play an impor-
tant role in the host defense to Nocardia

species.1 Prolonged steroid use is an independent risk
factor for developing nocardiosis.2 Similarly, severe
hypercortisolism caused by ectopic adrenocorticotrop-
ic hormone (ACTH) production leads to an increased
risk of opportunistic infection. Pulmonary nocardiosis
presents with a diverse array of clinical and radiograph-
ic findings, often resulting in misdiagnosis. This article
presents a case of nocardiosis and acute respiratory fail-
ure in a patient who was immunocompromised sec-
ondary to hypercortisolism from ectopic ACTH pro-
duction. The published case literature of opportunistic
infections in the setting of endogenous hypercorti-
solism is reviewed. 

CASE PRESENTATION

A 68-year-old man was transferred from another
hospital for diagnostic and therapeutic evaluation of
new-onset respiratory failure. His past medical history
was significant for mild hypertension for 40 years,
chronic obstructive pulmonary disease, and a 40 pack-
year tobacco smoking history. 

History of Present Illness

He was in his usual state of health until 1 month
prior to transfer, when he underwent uncomplicated
rotator cuff surgery, was discharged home on postoper-
ative day 3, and was placed on diuretics for suspected
fluid retention. Follow-up within a few days revealed a
serum potassium level of 1.7 mEq/L; the patient was
hospitalized for potassium replacement and subse-
quently was discharged on potassium supplementation. 

Approximately 1 week later, the patient complained
of dyspnea and was readmitted for acute respiratory fail-
ure, with a PaO2 of 36 mm Hg on 4 L supplemental oxy-
gen flow. Chest radiograph and computed tomograph-
ic (CT) scan of the chest showed a right lobe infiltrate

with pretracheal lymphadenopathy. A radionuclide 
ventilation-perfusion scan was interpreted as low proba-
bility for pulmonary embolus. Bronchoscopy with biopsy
was negative for malignancy and infection. A transtho-
racic echocardiogram showed left ventricular hypertro-
phy with a left ventricular ejection fraction of 60%. The
patient was placed on noninvasive positive-pressure ven-
tilation, and antibacterial therapy with levofloxacin and
piperacillin/tazobactam was initiated; despite these mea-
sures, his Pao2 did not exceed 64 mm Hg. 

The patient was noted at this time to have intrac-
table hypertension, with systolic blood pressures of
180 to 190 mm Hg despite maximal therapy with
5 antihypertensive medications. He continued to have
persistent hypokalemia despite repletion with 90 mEq
of potassium daily and administration of a potassium-
sparing diuretic. Other problems included a persistent
metabolic alkalosis, new glucose intolerance, anemia,
and thrombocytopenia. A low-dose dexamethasone
test was positive for hypercortisolism. An abdominal
CT scan was negative for an adrenal mass. 

Physical Examination and Diagnostic Evaluation

The patient was transferred to our institution on
hospital day 7 with persistent hypoxemia despite maxi-
mal noninvasive oxygen delivery by face mask. On
physical examination, the patient was in marked respi-
ratory distress. He was afebrile, with a blood pressure
of 180/100 mm Hg, a pulse of 85 bpm, and a respirato-
ry rate of 30 breaths/min. He had bilateral rhonchi
and rales with coarse breath sounds. Results of cardiac
and neurologic examinations were unremarkable. Be-
sides scattered ecchymoses on his upper body, skin
examination was unremarkable. 
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Initial laboratory results revealed a platelet count of 
52 × 109/mm3 and a hematocrit of 30.6%. An arterial
blood gas analysis showed a pH of 7.50, a PaCO2 of
44 mm Hg, a PaO2 of 64 mm Hg, and a bicarbonate level
of 34 mEq/L. A chest radiograph showed diffuse bilater-
al interstitial infiltrates and a right base consolidation
(Figure 1). A chest CT showed extensive bilateral lower
lobe consolidation and a moderately sized cavitating
lesion within the right lower lobe (Figure 2). A sputum
Gram stain on the day of transfer revealed filamentous
gram-positive rods, and acid-fast staining was partially
positive. Sputum culture grew Nocardia farcinica suscepti-
ble to trimethoprim-sulfamethoxazole and resistant to
quinolones and β-lactams. Twenty-four–hour urine cor-
tisol was 4322 µg (normal 2.0–42.4 µg/24 h). Serum cor-
tisol level was 82 µg/dL (normal, 8–25 µg/dL) and
ACTH level was 519 ng/L (normal 3–52 ng/L). Because
of unexplained anemia and thrombocytopenia, a bone
marrow biopsy was performed and showed a neuro-
endocrine tumor consistent with metastatic small-cell
lung carcinoma.

Clinical Course

Despite the substitution of high dose trimethoprim-
sulfamethoxazole for the previous antibiotics and the
administration of carboplatin and etoposide, the pa-
tient’s hypoxemia progressed, and he required intuba-
tion and mechanical ventilation. High-dose ketocona-
zole was instituted to block adrenal steroidogenesis, and
cortisol levels decreased to 32 µg/dL. Nevertheless, the
patient had a continued downhill course complicated
by a pneumothorax, neutropenia, enterococcal bac-
teremia, Clostridium difficile colitis, and multi-organ sys-

tem failure. An endotracheal aspirate from hospital
day 14 grew N. farcinica and Aspergillus species. The
patient died on hospital day 30.

DISCUSSION

This patient had the classic manifestations of ectop-
ic ACTH syndrome. The elevated mineralocorticoid
effects of excess cortisol were expressed as intractable
hypertension, hypokalemia, and metabolic alkalosis.
The simultaneous extreme elevations of ACTH and
cortisol levels in the setting of metastatic small-cell
lung cancer confirmed the diagnosis. The patient was
placed on chemotherapy to treat the small-cell lung
cancer and ketoconazole to inhibit steroidogenesis. Ke-
toconazole, in addition to its antifungal properties, in-
hibits steroid synthesis in humans by blocking C17-20
lyase, 11β-hydroxylase, and cholesterol side-chain
cleavage of the steroid synthesis pathway.3 Despite
showing evidence of improvement with decreased se-
rum cortisol levels, the aggressive nature of the under-
lying disease led to the patient’s death. 

Rapid progression of respiratory failure and pres-
ence of bilateral infiltrates in this patient were most
consistent with acute respiratory distress syndrome. CT
scanning showed bilateral consolidations and a cavitary
lesion. Pulmonary nocardiosis has a diverse clinical
and radiographic presentation, including nodules,
masses, cavitations, interstitial or lobar infiltrates, sub-
pleural plaques, and pleural effusions.1,4 The patient’s
bilateral infiltrates and cavitary lesion, thus, were con-
sistent with nocardial infection. Later in the hospital
course, the patient’s endotracheal aspirate grew Asper-
gillus species. Although Aspergillus also presents in the
immunocompromised setting and with a variety of
radiographic findings,5 this patient had numerous pre-
vious cultures that failed to grow Aspergillus. Therefore,
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Figure 1. Chest radiograph of the case patient. 

Figure 2. Chest computed tomographic scan of the case
patient. 



the Aspergillus finding was thought to reflect a late colo-
nization or infection that did not explain the patient’s
initial presentation.

Opportunistic Infection in the Setting of Ectopic
ACTH Syndrome

Endogenous hypercortisolemia in this patient led to
an immunocompromised state, making him suscepti-
ble to Nocardia infection. Case reports have linked
nocardiosis and Cushing’s syndrome, some specifically
associated with ectopic ACTH.6,7 In one review,8 oppor-
tunistic infections were most prevalent with the hyper-
cortisolism associated with ectopic ACTH syndrome.
This was thought to be explained by the very high plas-
ma cortisol concentrations seen in this condition.8 In a
review of 23 cases, opportunistic infections in the set-
ting of Cushing’s syndrome were mostly seen with
either ectopic ACTH or adrenal tumors rather than
exogenous or pituitary causes of Cushing’s syndrome.7

Infections with Aspergillus species, Cryptococcus neofor-
mans, Pneumocystis carinii, and Nocardia asteroides
predominated.7 In the setting of endogenous hyper-
cortisolism without other risk factors for immunocom-
promise, the presence of these infections should raise
suspicion for ectopic ACTH syndrome. 

In a review of patients with small-cell lung cancer
and ectopic ACTH syndrome, 4 of 10 patients died
from infectious complications.9 In a similar review of
cases, 3 of 14 patients with small-cell lung cancer and
ectopic ACTH syndrome died as a result of infection;
these 3 patients also had the highest cortisol levels.10

Given the susceptibility for opportunistic and aggres-
sive infections in the presence of excess cortisol pro-
duction, an empiric broad-spectrum antimicrobial reg-
imen should be considered in ectopic ACTH patients
exhibiting signs of infection.

Evaluation and Management of Nocardiosis

The incidence of nocardial infection in the United
States is estimated to be 500 to 1000 new cases per year,
with this possibly being an underestimate owing to the
difficulty of diagnosis and an increasing number of at-
risk patients.1 In a review of 1050 patients with nocar-
diosis, 63% had underlying immunocompromise. Pa-
tients at risk include those with hypercortisolism, AIDS,
organ transplantation, alcoholism, or diabetes.1

The diagnosis of nocardiosis usually is made based
upon respiratory secretions, skin biopsies, or aspirates
from deep collections. Nocardia may take from 48 hours
to several weeks to culture, but colonies are usually
seen after 3 to 5 days.11 This delay can result in delays
in diagnosis and susceptibility testing. Nocardial infec-

tion was diagnosed in the present case by the prompt
results of the sputum sample, including both the Gram
stain and acid-fast stain. 

Differentiation of N. farcinica from other members of
the N. asteroides complex is important because of the
propensity of N. farcinica for causing disseminated infec-
tion and antimicrobial resistance.12 In a study of
63 patients with nocardial infection, 57.1% of patients
with N. farcinica infection died compared with 17.6% of
those infected with N. asteroides.13 In this study, N. aster-
oides exhibited variable resistance whereas N. farcinica iso-
lates were systematically resistant to most antibiotics. 

In addition to being susceptible to the standard no-
cardial antimicrobial trimethoprim-sulfamethoxazole,
N. farcinica also has demonstrated susceptibility to
amikacin, ciprofloxacin, and imipenim.14 Interestingly,
this patient had been treated empirically with levoflox-
acin and piperacillin/tazobactam prior to transfer to
our institution, but the N. farcinica isolate was resistant
to these antibiotics.

CONCLUSION

This case illustrates the importance of recognizing
that patients with extreme hypercortisolism from ec-
topic ACTH syndrome are susceptible to opportunistic
infections such as nocardiosis. In this patient without
other identifiable causes of respiratory failure, a thor-
ough diagnostic evaluation resulted in the diagnosis of
N. farcinica infection. In addition to a reduction in cor-
tisol levels, early antimicrobial therapy aimed at oppor-
tunistic infections must be considered in patients with
extreme hypercortisolism. HP
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