
Case Report
Severe Atelectasis due to Aspirated Valproic Acid Tablet
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A 60-year-old man treated with valproic acid (VPA) for epilepsy developed atelectasis and respiratory failure after an accidentally
aspirated VPA tablet-induced mucus hypersecretion. Following bronchoscopic removal of the aspirated tablet, his respiratory
status improved and massive sputum production did not recur. We hypothesized that the aspirated VPA tablet increased the
expression of mucin-related genes, thereby increasing mucus production. Our in vitro experiments using a human respiratory
epithelial cell line revealed that VPA directly upregulates the airway mucin-related genes. We believe that this is the first case
report of aspirated VPA-induced severe atelectasis and respiratory failure, which were successfully treated with the
bronchoscopic removal of the VPA tablet.

1. Introduction

Mucus secretion is a cardinal airway defense mechanism.
The primary physiological function of the secreted mucus
is to support the continuous mucociliary clearance of the
inhaled particles and pathogens entering the airways [1].
When mucus secretion is abnormal, the excess mucus accu-
mulates in the airway lumen and obstructs the airway [2, 3].

Valproic acid (VPA) is a widely used antiepileptic drug
that is administered both orally and intravenously [4]. How-
ever, the effects of VPA aspiration remain unknown. We
have discussed the case of a patient who was intubated for
respiratory failure due to mucus hypersecretion and subse-
quent severe atelectasis caused by aspirated VPA. An
in vitro experiment conducted by us also supported this
mechanism. We believe this is the first such case report of
aspirated VPA-induced severe atelectasis.

2. Case Presentation

A 60-year-old man with no history of respiratory disease was
routinely treated with VPA for epilepsy. He was admitted to
our hospital for dissociative stupor triggered by the death of
his father. He abstained from eating food due to fluctuating
levels of consciousness; however, he continued to take a
VPA tablet orally because an intravenous infusion of VPA
could not be prepared immediately. On the sixth day of hos-
pitalization, he began to expectorate a large amount of white
sputum without any signs of fever. Despite frequent suction
of the sputum, the sputum quantity continued to increase.
Sputum culture did not yield any pathogens; nevertheless,
treatment with broad-spectrum antibiotics was initiated on
suspicion of bacterial pneumonia. However, his respiratory
condition gradually worsened. Three days after the onset of
the respiratory symptoms, he was intubated due to severe
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respiratory failure. His vital signs were as follows: blood
pressure, 86/52mmHg; heart rate, 90 beats per minute;
respiratory rate, 24 breaths/minute; and body temperature,
36.1°C. On the day of intubation, chest computed tomogra-
phy revealed no abnormalities in the right lung but complete
atelectasis of the left lung (Figures 1(a) and 1(b)). Laboratory
tests revealed a slightly elevated C-reactive protein level
(1.1mg/dL) but normal white blood cell (6,300/μL) and neu-
trophil (4,599/μL) counts. No pathogens were identified in
the sputum culture.

Bronchoscopy performed after intubation revealed large
amounts of white sputum in the left main bronchus and an
aspirated VPA tablet in the left inferior lobar bronchus
(Figures 1(c) and 1(d)). No obvious bronchial mucosal ero-
sions or erythema was observed. The aspirated VPA tablet
was partially dissolved, suggesting leakage of the drug com-
ponents into the bronchial lumen. The VPA tablet was
retrieved using a retrieval basket, and a large amount of spu-
tum was aspirated; thereafter, the atelectasis was resolved
completely (Figure 2).

The patient’s respiratory status improved immediately
after bronchoscopic treatment, and no recurrent massive
sputum production or atelectasis was observed. He was extu-
bated after 13 days of intubation, waiting for the subconfu-
sion to improve. Since there were no abnormalities in the
swallowing function after extubation, the accidental VPA
tablet aspiration was considered to be due to subconfusion.

In the present case, the patient did not have a fever and
did not respond to antibiotics; thus, bacterial pneumonia
was considered unlikely. We then suspected chemical pneu-
monia secondary to the aspirated VPA tablet observed on
bronchoscopy. Because the infiltrate shadow in the lungs

disappeared immediately after the retrieval of the VPA tablet
and aspiration of a large amount of sputum, we considered
that the lung shadow was not representative of chemical
pneumonia but of atelectasis. The aspirated VPA tablet
remaining in the bronchial lumen was not large enough to
obstruct the main bronchus, suggesting that atelectasis was
due to the massive sputum accumulation caused by VPA.

To test this hypothesis, the effect of VPA on the airway
epithelium was examined in an in vitro experiment using
NCI-H292 (a human mucin-producing airway epithelial cell
line). NCI-H292 cells were cultured in a medium either
alone (control) or supplemented with VPA (Cayman Chem-
ical Company #13033) for 24 hours. The concentration of
VPA used in our experiments was based on a previous
report [5]. The culture revealed a significant increase in the
expression of secretory mucin genes MUC2, MUC5AC, and
MUC5B (1.9-, 1.9-, and 1.7-fold upregulation, respectively;
Figure 3).

3. Discussion

The solid component of airway mucus comprises mucin gly-
coprotein, which mainly contains mucin 5AC/5B (encoded
by MUC5AC/MUC5B) [6]. Airway mucus is an innate pro-
tective mechanism against toxic chemicals and pathogens
and plays a major role in maintaining homeostasis in the
lung environment. However, its hypersecretion can cause a
progressive decline in the pulmonary function [7].

Epigenetic changes in gene expression lead to an
increased or decreased transcription of specific genes with-
out altering the underlying DNA sequence [8, 9]. Several
epigenetic controls of histone modifications on mucus

(a) (b)

(c) (d)

Figure 1: (a, b) Chest computed tomography images demonstrating sputum accumulation in the left main bronchus and a completely
atelectatic left lung. Bronchoscopic images showing sputum obstruction of the (c) left main bronchus and the aspirated valproic acid
tablet (arrow) in the (d) left inferior lobar bronchus.
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production have been reported [10]. 7,4′-Dihydroxyflavone
suppresses MUC5AC expression in the NCI-H292 cells by
upregulating histone deacetylase (HDAC) 2 [11]. The
HDAC inhibitors, butyric acid and trichostatin A, upregu-
late MUC2/MUC5B expression in gastrointestinal epithelial
cells [12, 13].

VPA is a small branched-chain fatty acid and a potent
and widely prescribed drug that acts as an anticonvulsant

[14]. It directly inhibits HDACs 1, 2, 5, and 6 [5, 15, 16].
Our in vitro study showed that VPA upregulated several
mucin-related genes. This finding was consistent with the
previously reported effects of other HDAC inhibitors on epi-
thelial cells [13]. If the aspirated VPA increased sputum
secretion, the massive sputum production would not have
improved unless the VPA tablet in the bronchial lumen
was retrieved.

In general, airway foreign bodies are often lodged in the
right bronchial tree, because the right main stem bronchus is
more vertical [17]. In our case, the tablet was lodged in the
left bronchus. The patient was in an unstable state of con-
sciousness and was lying in bed when the tablet was aspi-
rated. Therefore, various factors, including body position,
could have caused the tablet to enter the left bronchial tree
instead of the right bronchial tree.

This report has several limitations. First, the possibility
that contact irritation from the aspirated VPA tablet
increased the sputum secretion was not ruled out in this
case. In addition, the tablet was not large enough to obstruct
the main bronchus alone, but it may have limited the air-
flow. Severe atelectasis may be caused by these factors in
addition to VPA-induced mucus hypersecretion. Second,
our in vitro experiments revealed that VPA increased the
expression of mucin-related genes in airway epithelial cells;
however, we did not examine mucin protein secretion. Fur-
ther experiments are warranted to elucidate the underlying
mechanisms.

There have been no reports of VPA-induced severe atel-
ectasis. Our case provides important insights into the appro-
priate treatment of patients who have aspirated HDAC
inhibitors (including VPA).

Data Availability

The data used to support the findings of this study are
included within the article.

(a) (b)

Figure 2: Chest radiographs obtained (a) before and (b) after treatment with sputum aspiration and retrieval of the valproic acid tablet using
bronchoscopy.
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Figure 3: mRNA expression of MUC2, MUC5AC, and MUC5B
analyzed using real-time quantitative PCR. NCI-H292 cells were
incubated with either the medium alone (control) or with the
medium supplemented with valproic acid (5mM; Cayman
Chemical Company #13033) for 24 hours; mRNA was extracted
thereafter. Relative gene expression was calculated using the ΔΔCt
method with normalization to GAPDH. Data are representative of
three independent experiments. Results represent the mean ±
standard error of mean. Student’s t-test was used to compare the
groups.
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Consent

The patient gave his written informed consent for publica-
tion of the case.

Conflicts of Interest
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regarding the publication of this article.

References

[1] A. M. Jaramillo, Z. Azzegagh, M. J. Tuvim, and B. F. Dickey,
“Airway mucin secretion,” Annals of the American Thoracic
Society, vol. 15, Supplement_3, pp. S164–S170, 2018.

[2] J. V. Fahy and B. F. Dickey, “Airway mucus function and dys-
function,” The New England Journal of Medicine, vol. 363,
no. 23, pp. 2233–2247, 2010.

[3] M. C. Rose, T. J. Nickola, and J. A. Voynow, “Airway mucus
obstruction: mucin glycoproteins, MUC gene regulation and
goblet cell hyperplasia,” American Journal of Respiratory Cell
and Molecular Biology, vol. 25, no. 5, pp. 533–537, 2001.

[4] M. Romoli, P. Mazzocchetti, R. D'Alonzo et al., “Valproic
acid and epilepsy: from molecular mechanisms to clinical
evidences,” Current Neuropharmacology, vol. 17, no. 10,
pp. 926–946, 2019.

[5] M. Göttlicher, S. Minucci, P. Zhu et al., “Valproic acid defines a
novel class of HDAC inhibitors inducing differentiation of
transformed cells,” The EMBO Journal, vol. 20, no. 24,
pp. 6969–6978, 2001.

[6] J. H. Widdicombe and J. J. Wine, “Airway gland structure and
function,” Physiological Reviews, vol. 95, no. 4, pp. 1241–1319,
2015.

[7] P. W. Tian and F. Q. Wen, “Clinical significance of airway
mucus hypersecretion in chronic obstructive pulmonary
disease,” Journal of Translational Internal Medicine, vol. 3,
no. 3, pp. 89–92, 2015.

[8] T. V. Saco, P. T. Parthasarathy, Y. Cho, R. F. Lockey, and
N. Kolliputi, “Role of epigenetics in pulmonary hypertension,”
American Journal of Physiology-Cell Physiology, vol. 306,
no. 12, pp. C1101–C1105, 2014.

[9] J. B. Huang, J. Liang, X. F. Zhao, W. S. Wu, and F. Zhang,
“Epigenetics: novel mechanism of pulmonary hypertension,”
Lung, vol. 191, no. 6, pp. 601–610, 2013.

[10] T. V. Saco, M. T. Breitzig, R. F. Lockey, and N. Kolliputi,
“Epigenetics of mucus hypersecretion in chronic respiratory
diseases,” American Journal of Respiratory Cell and Molecular
Biology, vol. 58, no. 3, pp. 299–309, 2018.

[11] C. Liu, D. Weir, P. Busse et al., “The flavonoid 7,4′-dihydrox-
yflavone inhibits MUC5AC gene expression, production, and
secretion via regulation of NF-κB, STAT6, and HDAC2,” Phy-
totherapy Research, vol. 29, no. 6, pp. 925–932, 2015.

[12] H. Hatayama, J. Iwashita, A. Kuwajima, and T. Abe, “The short
chain fatty acid, butyrate, stimulates MUC2 mucin production
in the human colon cancer cell line, LS174T,” Biochemical and
Biophysical Research Communications, vol. 356, no. 3,
pp. 599–603, 2007.

[13] A. Vincent, M. Perrais, J. L. Desseyn, J. P. Aubert, P. Pigny, and
I. Van Seuningen, “Epigenetic regulation (DNA methylation,
histone modifications) of the 11p15 mucin genes (MUC2,
MUC5AC, MUC5B, MUC6) in epithelial cancer cells,” Onco-
gene, vol. 26, no. 45, pp. 6566–6576, 2007.

[14] L. A. Smith, V. R. Cornelius, J. M. Azorin et al., “Valproate for
the treatment of acute bipolar depression: systematic review
and meta-analysis,” Journal of Affective Disorders, vol. 122,
no. 1-2, pp. 1–9, 2010.

[15] C. J. Phiel, F. Zhang, E. Y. Huang, M. G. Guenther, M. A.
Lazar, and P. S. Klein, “Histone deacetylase is a direct target
of valproic acid, a potent anticonvulsant, mood stabilizer,
and teratogen,” The Journal of Biological Chemistry, vol. 276,
no. 39, pp. 36734–36741, 2001.

[16] Y. Shi, D. Gerritsma, A. J. Bowes, A. Capretta, and G. H. Wer-
stuck, “Induction of GRP78 by valproic acid is dependent
upon histone deacetylase inhibition,” Bioorganic & Medicinal
Chemistry Letters, vol. 17, no. 16, pp. 4491–4494, 2007.

[17] J. C. Hewlett, O. B. Rickman, R. J. Lentz, U. B. Prakash, and
F. Maldonado, “Foreign body aspiration in adult airways: ther-
apeutic approach,” Journal of Thoracic Disease, vol. 9, no. 9,
pp. 3398–3409, 2017.

4 Case Reports in Pulmonology


	Severe Atelectasis due to Aspirated Valproic Acid Tablet
	1. Introduction
	2. Case Presentation
	3. Discussion
	Data Availability
	Consent
	Conflicts of Interest



