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A B S T R A C T

We report the case of a 71-year-old male with essential thrombosis who presented with ground-
glass lung opacity with a mosaic pattern on computed tomography, which resolved sponta-
neously with hospitalization. This was confused with a case of hypersensitivity pneumonitis (HP),
which later turned out to be a drug-induced lung disease caused by surreptitiously administered
minoxidil. This case emphasizes the importance of obtaining a correct medication history to
make an accurate diagnosis, and this is the first report of minoxidil causing HP-like pulmonary ill-
ness.

1. Introduction
Hypersensitivity pneumonitis (HP) is challenging to diagnose [1]. To make a confident diagnosis, confirming the characteristic

findings in all three domains is important: 1) exposure identification, 2) imaging pattern, and 3) bronchoalveolar lavage (BAL) lym-
phocytosis [1]. If any of these elements are missing, physicians should periodically reconsider the diagnosis.

Here, we describe the case of a male who presented to the pulmonary clinic with ground-glass opacity on chest computed tomog-
raphy (CT), which resolved spontaneously only with hospitalization. It was confused with HP but turned out to be an adverse effect of
the surreptitiously administered minoxidil. Minoxidil is known to cause pleural effusion as a pulmonary complication; however, an
HP-like presentation has not been previously reported.

Although the risks of medically unsupervised medication use have been well publicized for many years, self-medication has be-
come an increasingly common practice [2]. With the popularization of e-commerce, it has become easier than ever to purchase med-
ications online. It is now possible to obtain medications that traditionally require prescriptions. Therefore, they can be easily over-
looked unless patients report their use, which can complicate the clinical course.

Minoxidil was originally developed as a medication for hypertension. However, because it was found to cause hypertrichosis, it is
now more commonly used to treat alopecia. Minoxidil is generally a prescription medicine; however, it can be easily purchased on-
line. Due to the stigma surrounding alopecia, it is speculated that many patients hesitate to consult with a doctor about their condi-
tion and that a significant number use minoxidil without their physician's knowledge.
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2. Case
A 71-year-old male with essential thrombosis (ET) was referred to the pulmonary service in March 2021 because of diffuse pul-

monary ground-glass opacity (GGO) incidentally noted on a CT scan taken as part of a myelofibrosis workup. The GGO was diffusely
distributed in all lobes without upper-lower or central-to-peripheral predominance (Fig. 1A). A mosaic pattern was observed.

The patient reported mild but gradually worsening dyspnea on exertion. The patient denied coughing or sputum production and
reported an occasional low-grade fever. His medical history included ET, obstructive sleep apnea (OSA), chronic obstructive pul-
monary disease, and cholecystectomy for cholecystitis. ET had been diagnosed nine years prior and was managed with aspirin and hy-
droxyurea. OSA was diagnosed three years prior and managed with continuous positive airway pressure therapy (CPAP). He was an
ex-smoker with a history of smoking one pack per day for 40 years. He had quit smoking approximately ten years prior to his presen-
tation. He resided in an air-conditioned building and did not have musty or dusty living quarters. The air conditioner filter was

Fig. 1. Chest CT before and after each hospitalization. Before the first admission (A) and eight days after the admission (B). On the second admission (C) and 15 days
after the second admission (D). On the third admission (E) and at the follow-up clinic visit one month after E (F).
A. Diffuse GGO with a mosaic pattern was noted.
B. There was an improvement in the GGO.
C. GGO reappeared in the lung field. Pericardial effusion was evident.
D. Both GGO and pericardial effusion had improved.
E. GGO and pericardial effusion reappeared and worsened.
F. There were improvements both in GGO and pericardial effusion.
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cleaned regularly. He used a humidifier but kept it clean. He denied direct contact with birds or bird droppings but admitted to using
down quilts in winter. His medications included aspirin, hydroxyurea, esomeprazole, mecobalamin, and zolpidem. These medications
had not been changed for more than a year.

On examination, his blood pressure was 131/67 mmHg, heart rate was 97 beats per minute, temperature was 36.6 °C, and oxygen
saturation was 93% breathing room air. Chest auscultation revealed scant fine crackles at the base of the lungs. Otherwise, his physi-
cal examination was unremarkable, and no clubbing, heart murmur, jugular venous distention, or peripheral edema were noted.

The patient's laboratory data are presented in Table 1. The blood count was significant for elevated myelocyte lineage and mildly
suppressed erythrocytes, reflecting a history of ET. The C-reactive protein (CRP) level was not elevated at 0.12 mg/dL. The interstitial
pneumonia markers were moderately elevated, with Krebs von den Lungen-6 (KL-6) at 942 U/mL and surfactant protein D (SP-D) at
117 ng/mL. The serological panel results for connective tissue disease were unremarkable. Serum angiotensin-converting enzyme lev-
els were within normal limits. Serum IgG4 levels were also within normal limits. The brain natriuretic peptide (BNP) level was moder-
ately elevated to 94.6 pg/mL. The electrocardiogram was unremarkable only with incomplete right-bundle-branch block.

HP was suspected based on the CT findings, elevated KL-6 levels, and otherwise generally unrevealing laboratory investigations.
Bronchoscopy was performed, and the patient was admitted to the hospital to avoid possible inciting antigens for both diagnostic and
therapeutic purposes. Surprisingly, the analysis of BAL fluid (BALF) showed a near-normal cell count: total cell count
2.33 × 105 cells/mL, macrophages 95%, lymphocytes 1%, and neutrophils 4%. The CD4/CD8 ratio was unremarkable (0.93). Cytol-
ogy and cultures were also unremarkable. Transbronchial lung biopsy revealed only a mildly inflamed interstitium with mild inflam-
matory cell infiltration (Fig. 2).

The patient was observed for approximately two weeks without significant changes in his treatment. After one week of hospital
stay, the patient reported improvement in dyspnea on exertion. The CT (Fig. 1B) and spirometry (Fig. 3) findings also improved. Anti-
body tests against bird-related antigens showed high titers (Table 2). Given this clinical course and the high titer of the antibody
against bird-related antigens, we made a diagnosis of hypersensitivity pneumonitis, possibly due to avian antigen exposure, even
though the BALF findings were not entirely consistent with HP. The patient was instructed to stop using and remove the down quilt,
avoid any contact with birds, and clean his house. He was discharged home.

Approximately ten months after the initial admission, in late January, he returned to the pulmonary clinic complaining of dyspnea
recurrence. CT demonstrated the reappearance of diffuse GGO with a mosaic pattern. A significant increase in pericardial effusion
was noted. The patient was afebrile, and his CRP level was only slightly elevated at 0.81 mg/dL. KL-6 and SP-D levels were again ele-
vated, but only mildly, at 618 U/mL and 131 ng/mL, respectively. The BNP increased to 163.1 pg/mL. Echocardiography revealed
normal systolic function with an ejection fraction of 64.3%, diastolic dysfunction, a moderate amount of pericardial effusion without
signs of tamponade, moderately elevated pulmonary artery pressure, and an estimated pulmonary artery systolic pressure (PASP) of
54 mmHg. The patient was admitted to the hospital again for probable recurrence of HP, even though he denied restarting the down

Table 1
Laboratory data.

Item Value Reference range

WBC 14,600/μL 3300–8600/μL
Differential count
Neutrophil 11,500/μL, 78.6% 1700–630/μL, 40.6–76.4%
Lymphocyte 1000/μL, 6.6% 1000–3100/μL, 16.5–49.5%
Monocyte 900/μL, 6.3% 100-600/μL, 2.0–10%
Eosinophil 800/μL, 5.6% <500/μL, <8.5%
Basophil 400/μL, 2.9% <200/μL, <2.5%
Hb 11.0 g/dL 13.7–16.8 g/dL
Plt 327 × 103/μL 158–348 × 103/μL
CRP 0.12 mg/dL <0.14 mg/dL
KL-6 942 U/mL <500 U/mL
SP-D 117 ng/mL <110 ng/mL
ACE 7.2 U/mL <22 U/mL
IgG4 63.9 mg/dL 11–121 mg/dL
Serologic panel for CTD
ANA 40 times, speckled <40 times
Anti-ds-DNA <10 IU/mL <10 IU/mL
Anti-CCP <0.6 U/mL <0.6 U/mL
RF <5.0 IU/mL <5.0 IU/mL
Anti-ScL-70 <1.0 U/mL <1.0 U/mL
Anti-centromere <2.0 U/mL <2.0 U/mL
Anti-RNP 2.0 U/mL <10 U/mL
Anti-SSA <1.0 U/mL <1.0 U/mL
Anti-ARS 7.9 <25
Anti-MDA5 <5 <32
PR3-ANCA <1.0 <3.5
MPO3-ANCA <1.0 <3.5
BNP 94.6 pg/mL <18.5 pg/mL
D-dimer 0.5 μg/mL <1.0μg/mL
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Fig. 2. Serial sections of a transbronchial lung biopsy specimen stained with Hematoxylin and Eosin (A) and Elastica van Gieson (B). The specimen appears crushed,
but alveolar elastic fibers are visible in B. A mild increase in macrophages in the alveolar space and septa suggests mild inflammation. Gross inflammation with lym-
phocyte or neutrophil infiltration is not observed. Vascular congestion is difficult to assess with this specimen. No hemosiderin-laden macrophages, which are indica-
tive of chronic pulmonary congestion, are found.

Fig. 3. Spirometry before or on admission and after hospitalization. There was a significant improvement in forced vital capacity at each admission.

Table 2
Antibodies to bird-related antigens.

Suggested cutoff valuea

Budgerigar IgG 13.31 mgA/L 8.7 mgA/L
Pigeon IgG 32.88 24.6 mgA/L
Parrot IgG 28.42 14.0 mgA/L

a Allergol Int 2021; 70:208–214.

quilt or any exposure to birds. The etiology of the new cardiac findings was unclear, but diuresis was initiated as symptomatic treat-
ment.

His condition improved again after two weeks of hospitalization without significant medical intervention other than diuretics. CT
and spirometry showed improvement (Figs. 1D and 3). Pericardial effusion also decreased with diuretics (Fig. 1D). As he was using an
air humidifier and CPAP, fungi were suspected to be the culprit. He was discharged with instructions to stop using the humidifier,
change the CPAP tubing, and clean the machine diligently.

Although he strictly followed the instructions, dyspnea recurred once he returned home. One month later, the patient was read-
mitted to the hospital. CT confirmed the reappearance of GGO and pericardial effusion (Fig. 1E). On admission, he brought in two
medicines he purchased through an online store: minoxidil (10 mg/day orally) and finasteride. He took these medications for hair
loss. He did not remember exactly when he started these medicines, but probably a few years before the first admission. He reported
that he temporarily stopped taking these medications while he was in the hospital at the previous admissions, but he restarted taking
them when he returned home. We suspected that these medications, especially minoxidil, were the cause of his lung GGO and pericar-
dial effusion and asked him to stop taking these medications entirely. His condition improved again with diuretics and hospitalization
(Figs. 1F and 3). The drug lymphocyte stimulation test was negative for minoxidil and finasteride. He was discharged and remained
well at the latest clinic visit eleven months later. Echocardiography was repeated approximately two months after discharge. It
demonstrated normal systolic function, unchanged diastolic dysfunction, decreased pericardial effusion, and pulmonary pressure
(PASP = 43 mmHg).
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3. Discussion
HP is challenging to diagnose [1]. The joint guideline published in 2020 by American Thoracic Society, Japan Respiratory Society,

and Asociación Latinoamericana del Tórax (the 2020 ATS/JRS/ALAT guideline) proposed that diagnoses should be categorized as
definite (≧90% confidence), high-confidence (80–89%), moderate-confidence (70–79%), and low-confidence (51–69%) diagnoses
rather than conventional met-or-unmet dichotomous diagnostic criteria [1]. To determine confidence, the importance of three do-
mains is emphasized: 1) exposure identification, 2) imaging pattern, and 3) BAL lymphocytosis [1]. The presence of an inciting anti-
gen is often inferred by confirming clinical improvement after two to four weeks of hospitalization (antigen avoidance test) [3]. In our
case, HP was suspected because the CT findings were consistent with nonfibrotic HP [1] and the patient's condition improved only
with hospital admission (i.e., a positive antigen avoidance test). The antigen avoidance test is practical and widely utilized. However,
physicians should be cautious about interpreting the results because it only confirms that something in the environment outside the
hospital contributes to the disease process, and it does not specifically identify the causative agent. BALF analysis in our case was not
typical of HP, which lowered our confidence in the diagnosis. KL-6 and SP-D are useful interstitial pneumonia biomarkers that corre-
late with the clinical course of HP [4]. The elevation of KL-6 in our case was only mild and did not correlate with this patient's symp-
toms, which also lowered our confidence. As the 2020 ATS/JRS/ALAT guideline cautions, physicians should maintain a high index of
suspicion for another possibility and reconsider the diagnosis at subsequent visits if the confidence is not high, as in our case.

Obtaining an accurate complete medication list, including over-the-counter medications, dietary supplements, and herbal medica-
tions, can be challenging. One study revealed that as many as 25% of the prescription drugs in use were not recorded in the hospital
medical records [5]. It is natural to expect that the number is even higher in the case of drugs that carry a stigma, such as those for
baldness treatment, like minoxidil in our case. The patient hesitated to report the use of minoxidil and finasteride to the medical staff,
and it was only when he was found to carry the medications with him on admission that we learned that he was taking these medica-
tions. It is probably less embarrassing for patients to hand in such medications along with their other medications than to inform med-
ical staff directly. This may be a useful method to use to encourage patients to inform the medical staff about their use of certain med-
ications while avoiding embarrassment.

In our case, both minoxidil and finasteride were candidates for the causative agents of the lung infiltrate and pericardial effusion.
However, multiple reports have documented pericardial effusion as an adverse effect of minoxidil [6–13], whereas no such reports
were found for finasteride. Hence, we believe that minoxidil was the cause. Pleural effusion was reported as an adverse pulmonary ef-
fect of minoxidil, but pulmonary parenchymal infiltrate dominated in our case. To our knowledge, this is the first case of minoxidil-
induced lung disease presenting as HP-like lung infiltrate. CT demonstrated GGO with a mosaic pattern that was compatible with HP
[1]. However, BALF analysis revealed near-normal cell counts and differentials. TBLB showed only mild inflammatory changes. These
results are not consistent with those of HP. The underlying mechanism remains unclear. However, considering that previous reports
on adverse events from minoxidil included protein-rich pericardial effusion, pleural effusion, and peripheral edema [6–13], minoxidil
may increase vascular permeability in addition to vasodilation [14,15], which may induce permeability pulmonary edema that ap-
pears as GGO on CT. Mosaic patterns can be observed not only in small airway diseases but also in the aberrant pulmonary circulation
[16,17]. The uneven effect of minoxidil on the pulmonary vasculature bed may have produced a mosaic pattern. Congestion may also
have played a role in our case, based on the moderately elevated BNP and diastolic dysfunction noted on echocardiography. However,
congestion could not fully explain the CT findings because the diastolic dysfunction was unchanged in the repeated echocardiogram,
even after the improvement of his symptoms and CT images. Mechanistically, minoxidil is known to cause vasodilation by opening
ATP-sensitive K channels [15], and opening the ATP-sensitive K channel was reported to cause an increase in pleural exudative effu-
sions and neutrophil extravasation in a pleuritis rat model [14]. Another report showed that minoxidil increased the permeability of
the blood-brain barrier through the ROS/RhoA/PI3K/PKB signaling pathway [15].

The limitations of this study include a considerable time gap between the onset of minoxidil administration and the development
of symptoms, as well as the fact that finasteride was also taken and discontinued along with minoxidil. These factors weakens the pos-
sibility of minoxidil as a cause of pulmonary disease. However, we still believe that minoxidil as the cause, because the improvement
and deterioration of the pulmonary disease coincided with the discontinuation and resumption of minoxidil, and the pulmonary dis-
ease did not recur after the permanent discontinuation of minoxidil. We think finasteride is much less likely the primary cause, be-
cause of the reasons discussed above.

In conclusion, we have presented the first case of minoxidil-induced HP-like lung disease. Surreptitious use of minoxidil only when
the patient was at home confused the treating physician because it resulted in a positive “antigen avoidance test.” The importance of
accurate medication history cannot be overemphasized. Asking patients to show their actual medications may improve the accuracy
of their medication history. In certain cases, minoxidil-induced HP-like lung infiltrates are difficult to distinguish from real HP in
terms of imaging and exposure history. The lack of lymphocytic leukocytosis in the BALF and the associated pleuropericardial effu-
sions may indicate minoxidil as a cause.

- Minoxidil can present with pulmonary infiltrate similar to HP.
- Minoxidil-induced HP-like lung lesion lacks typical features of HP such as lymphocytosis in the BALF and high serum KL-6 and

SP-D.
- Physicians should maintain high index of suspicion for medically unsupervised use of medications.
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