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Plastic Bronchitis and the Role of
Bronchoscopy in the Acute Chest
Syndrome of Sickle Cell Disease*

Chuanpit Moser, MD; Eliezer Nussbaum, MD, FCCP; and Dan M. Cooper, MD

Study objectives: To review the prevalence, clinical features, and role of bronchoscopy in patients
with plastic bronchitis during the acute chest syndrome (ACS) of sickle cell disease (SCD).
Design: Eight-year review of clinical experience.
Setting: Tertiary referral children’s hospital.
Patients: Twenty-six pediatric inpatients with 29 ACS episodes requiring diagnostic bronchos-
copy.
Results: Of the pediatric inpatients with ACS who underwent bronchoscopy, plastic bronchitis was
diagnosed in 21 of 29 episodes (72%). There was no difference in clinical features between the
patients with and without plastic bronchitis. Bronchoscopy was an essential diagnostic tool, but its
therapeutic benefits were doubtful.
Conclusions: This is the first report of the prevalence of plastic bronchitis in patients with ACS of
SCD. In our patient population, this condition was found to be common. The role of diagnostic
bronchoscopy is essential. A large series, multicenter study is required to determine whether
bronchoscopy and BAL are therapeutically beneficial when added to currently practiced
supportive care. (CHEST 2001; 120:608–613)
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Abbreviations: ACS 5 acute chest syndrome; SCD 5 sickle cell disease

T he acute chest syndrome (ACS) of sickle cell
disease (SCD) is characterized by sudden-onset

fever, cough, chest pain, and pulmonary opacity on
radiographic examination. This broad definition does
not specify the etiology of the pulmonary lesion
manifested as pneumonia, atelectasis, or infarc-
tion.1–4 Plastic bronchitis, a condition of branching
bronchial cast formation, evidenced on broncho-
scopic examination, has been reported in only three
pediatric patients with ACS.5 This is the first review
that attempts to (1) estimate the prevalence of plastic
bronchitis in pediatric patients with ACS in a large

SCD center, (2) compare clinical features of the
group with plastic bronchitis and the group without
plastic bronchitis, and (3) explore the role of bron-
choscopy and BAL as diagnostic and/or therapeutic
modalities.

Materials and Methods

We reviewed our personal experience (C.M., E.N.) and med-
ical records of pediatric inpatients with ACS who underwent
bronchoscopy at Miller Children’s at Long Beach Memorial
Medical Center in Long Beach, CA, over the past 8 years. Long
Beach Memorial Medical Center has an active SCD treatment
center currently caring for approximately 240 patients. Hospital
admission note, bronchoscopy report, imaging studies, and labo-
ratory results were reviewed. The authors (C.M., E.N.) were
involved in the care of each patient and performed fiberoptic
bronchoscopy and BAL as previously described.6 Descriptive
statistical analysis was used, and data are presented as median,
mean, SE, range, percentage, and risk ratio. All mean values are
reported with 95% confidence levels. Comparisons between the
group with plastic bronchitis and group without plastic bronchitis
were calculated using unpaired Student’s t test.

*From Pediatric Pulmonology, The Miller Children’s at Long
Beach Memorial Medical Center, Long Beach, and The Univer-
sity of California, Irvine, Irvine, CA.
Manuscript received June 26, 2000; revision accepted February
13, 2001.
Correspondence to: Eliezer Nussbaum, MD, FCCP, The Miller
Children’s at Long Beach Memorial Medical Center, 3rd Floor,
2801 Atlantic Ave, Long Beach, CA 90806; e-mail: enussbaum@
memorialcare.org
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Results

There were a total of 29 ACS occurrences identi-
fied over the past 8 years. Three of these instances
represented a second ACS episode in a single pa-
tient. Of the 26 patients, 15 were female. The
patients’ ages ranged from 3 to 20 years (median age,
8 years). Twenty-four patients had homozygous
SCD, 1 patient had sickle-hemoglobin C disease, and
1 patient had sickle cell trait.

All patients presented with fever, cough, and chest
pain. Vaso-occlusive crisis, characterized by acute
intravascular hemolysis accompanied by pain, was
diagnosed clinically in 27 of 29 episodes (93%).
Clinical characteristics are shown in Table 1. All
patients had pulmonary consolidation shown on
chest radiography.

Initial therapy in all patients included IV antibiot-
ics, oxygen, airway clearance measures, systemic
steroids, and analgesia. Pulmonary consultation was
obtained in the advanced stage of ACS based on the
hematologist’s discretion. The indication for bron-
choscopy was worsening lung consolidation with
hypoxemia in a relatively immunocompromised host.

Bronchoscopic Findings

All patients underwent diagnostic flexible fiberop-
tic bronchoscopy.6 In 21 episodes (72%), the opera-
tive finding was plastic bronchitis, which was de-
scribed as white, gray, yellow, or green rubbery casts
branching into the bronchial tree (Fig 1). These
bronchial casts were surrounded by thin, bright
yellow fluid identical to bilirubin in gross appear-
ance. The locations of the casts corresponded to the
radiographic findings. After being fragmented or
disintegrated by repeated flushing using 0.9% NaCl,
the casts were removed via the suction channel.
Removal of larger bronchial casts or mucoid impac-
tion required continuous suctioning in order to keep
the cast adhered to the tip of the bronchoscope, and
then the bronchoscope together with the cast were
withdrawn from the patient’s airway. With this tech-

nique, the large casts could be removed piece by
piece. Removal of the casts was achieved in all but
one incident (97%). The only unsuccessful case was
a 4-year-old child with a cast starting in the left
mainstem bronchus, who was referred for rigid
bronchoscopy with only partial success. Broncho-
scopic findings other than plastic bronchitis included
airway inflammation characterized by marked edema
and erythema of the bronchial mucosa (seven inci-
dents) and pulmonary hemorrhage (one incident).
There were no complications during or after bron-
choscopy.

Pathology

Pathologic examination of the casts revealed bron-
chial epithelial cells and fibrinous material. The
yellow bronchial fluid cytology showed pigmented
histiocytes. Ten of 27 BAL specimens (37%) were
stained positive for lipid-laden alveolar macrophages,
and 2 of 27 BAL specimens (7%) were stained
positive for iron-laden alveolar macrophages. In all

Table 1—Clinical Features of Children With ACS of SCD With and Without Plastic Bronchitis*

Patients
Episodes,

No.
Median Age
(range), yr

Female/Male
Gender, No.

Mean (6SD) WBC
Count on Hospital
Admission, 103/mL

Episodes With
Abnormal Chest

Radiograph Finding
on Hospital

Admission, No.

Areas of Lung
Involved:

Upper/Lower/
Bilateral/Effusion, No.

Median Interval
(Range) From

Hospital Admission
to FFB, d

Documented Infectious
Etiology: Bacteria/Virus/

Mycoplasma, No.

With plastic
bronchitis

21 8 (3–18) 11/10 17.3 6 1.6 12 6/19/12†/6† 3 (1–8) 3/1/1

Without plastic
bronchitis

8 8 (5–20) 7/1 22.6 6 2.8 4 3/7/4/1/1 2 (1–17) 1/2/1

Total 29 8 (3–20) 18/11 18.7 6 1.4 16 ‡9/26/16/7 3 (1–17) 4/3/2

*FFB 5 flexible fiberoptic bronchoscopy.
†Statistically significant.
‡Six patients had both upper and lower lobe involvement.

Figure 1. A bronchoscopic view of a plastic bronchitis cast
totally occluding the left mainstem bronchus of a 4-year-old boy
with ACS.
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cases, BAL was sent for microbiological studies
including respiratory viral direct fluorescent anti-
body, and viral, bacterial, mycobacterial, and fungal
cultures. Microbiological study results on the BAL
were positive in 5 of 29 patients (17%; Table 1)
Detailed results of microbiological studies are shown
in Table 2.

Chest radiographic findings showed improvement
either on the following day or a few days after the
procedure (Fig 2). The duration of hospitalization
ranged from 4 to 28 days (mean 6 SE, 10.6 6 1.3).
There were no deaths. All patients had full recovery
from ACS.

Comparison of Clinical Features Between the
Groups With and Without Plastic Bronchitis

There was no significant difference in age, initial
WBC count, or documented infectious etiology be-
tween the two groups (Table 1). The female-to-male
ratio was higher in the group without plastic bron-
chitis. One individual with plastic bronchitis pre-
sented in respiratory failure and required bronchos-
copy while intubated and receiving mechanical
ventilation. The interval from hospital admission to
bronchoscopy and the length of stay were compara-
ble between the groups, as were levels of oxygen
saturation before and after bronchoscopy. The risk
ratio of abnormal chest radiographic findings on
hospital admission was 1.72. Although the most
affected areas (lower lobes) were similar, bilateral
pulmonary infiltrates and pleural effusion (indepen-
dently) were more common in the group with plastic
bronchitis. Lipid-laden macrophages were found in
seven patients (37%) in the group with plastic bron-
chitis and in two patients (25%) in the group without
plastic bronchitis, with a risk ratio of 1.17.

Discussion

ACS is the leading cause of death and the second
most common reason for hospitalization in patients

Figure 2. Chest radiographs of an 11-year-old boy with SCD
obtained during an episode of ACS. Top: Before bronchoscopy,
left lower lobe consolidation was evidenced by loss of cardiac and
diaphragmatic silhouettes (small arrows). Bottom: After bron-
choscopy, marked improvement was shown by reappearance of
the aortic and left diaphragmatic borders (large arrows).

Table 2—Microbiological Studies in Children With
ACS*

Studies
With Plastic

Bronchitis, No.
Without Plastic
Bronchitis, No.

Blood culture
Streptococcus pneumoniae 1

BAL
Rhinovirus (culture) 1
Influenza A (DFA) 2
Staphylococcus aureus 1 1
Enterobacter aerogenes 1

Serology
Mycoplasma 1 1
Legionella 1

*DFA 5 direct fluorescent antibody.
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with SCD.7–10 Its incidence among young patients
with homozygous SCD is 25 occurrences per 100
patient-years.11,12 Repeated events have been asso-
ciated with an increased risk of chronic lung disease
and early death.7,11,13 Infections (eg, bacteremia,
bacterial and viral pneumonia) are more commonly
associated with ACS in children than in adults.14–16

Several pathophysiologic mechanisms are associated
with ACS, such as microvascular occlusion due to
sickled erythrocytes and increased adhesion of blood
cells to vascular endothelium,17–19 disturbance of
endothelial vasoactive mediators,20,21 release of in-
flammatory cytokines,22 activation of the coagulation
system,23,24 fat embolism from bone marrow infarc-
tion,25 and regional pulmonary vasoconstriction sec-
ondary to alveolar hypoxia.26 How exactly these
mechanisms interplay in the development of ACS is
not yet known.

Plastic bronchitis, a condition of branching
bronchial cast formation, complicating ACS was
reported as an unusual finding in only a few
pediatric patients with SCD.5 In contrast, we
found a high prevalence of 72%. Even though our
high prevalence may be, in part, due to population
selection (patients with worsening consolidation),
we speculate that this condition is generally undi-
agnosed because bronchoscopy is not routinely
performed among SCD patients who have ACS,16

especially in the pediatric population.
Since plastic bronchitis in patients with SCD is not

widely recognized, there is essentially no previous
study of its pathogenesis. However, because plastic
bronchitis also occurs in other illnesses, such as
asthma, cystic fibrosis, bronchiectasis, pneumonia,
tuberculosis, allergic bronchopulmonary aspergillo-
sis, congenital cyanotic heart diseases, etc,27 we
speculate that these illnesses share some common
pathways to developing bronchial casts.

Seear et al28 proposed their classification of
plastic bronchitis into two categories, “inflamma-
tory” and “acellular,” based on nine reported cases
and a literature review. None of the nine patients
had SCD. The inflammatory group represented
patients with inflammatory airway disease who had
casts containing inflammatory cells, mainly eosin-
ophils and their degradation products. The acellu-
lar group represented patients with congenital
cyanotic heart disease who had casts containing
fibrin or mucin.

Multiple factors are likely to interplay in the
pathogenesis of bronchial casts in patients with
ACS of SCD. These include airway inflammation
due to acute respiratory tract infections as docu-
mented in some of our cases. Several patients had
asthma, a chronic inflammatory airway disease
well-known to be associated with plastic bronchitis

as well as SCD.27–30 Both infection and asthma
cause excessive production of thick bronchial se-
cretions that could result in mucoid impaction and
bronchial cast formation, especially when the me-
chanical clearance of secretion is impaired. SCD
patients in pain crisis tend to splint their chest by
avoiding cough or deep breaths. In addition, isch-
emia of the bronchial tree caused by vaso-occlu-
sion may lead to ciliary motility dysfunction, which
further worsens airway clearance mechanism.

It is suggested that lung blood volume during
ACS is increased.31 This may also play a role in the
pathogenesis of plastic bronchitis since plastic
bronchitis is associated with increased pulmonary
lymphatic load such as in cyanotic heart diseases
after Fontan operation.31,32 Other reported cases
of acellular casts include noncyanotic heart pa-
tients who had either mitral valve stenosis or
constrictive pericarditis.33–35 Proposed explana-
tions vary from pulmonary venous hypertension to
surgical trauma to the lymphatic channels sur-
rounding the bronchi, resulting in lymphatic leak-
age into the airway.36 Besides elevated lung blood
volume that increases lymphatic load, SCD pa-
tients with ACS may also have pulmonary vascular
hypertension either from pulmonary microvascu-
lar occlusion, hypoxic vasoconstriction, or pulmo-
nary fat embolism from bone marrow infarction.
All of these conditions could participate in the
leakage of lymph into the bronchi, and when
paired with the defective airway clearance, may
eventually result in formation of bronchial casts.
Interestingly, several of our patients had lipid-
laden alveolar macrophages in their BAL speci-
mens that may represent fat from lymph.

Because of the complex, undefined disease pro-
cess of ACS and its likely multiple etiologies,
therapy has mainly been supportive.12,16 The ben-
efits from treatments that improve alveolar oxy-
genation emphasize the important role of hypoxia-
induced pulmonary vasoconstriction.26 These
treatments include prevention of atelectasis (in-
centive spirometry37 and proper pain management
to avoid chest wall splinting or narcosis), airway
clearance (inhaled b2-agonist), and oxygen ther-
apy. Because mechanical obstruction by bronchial
casts and mucoid impaction results in hypoxemia
from ventilation/perfusion mismatch, relieving
such obstruction using bronchoscopy presents it-
self logically as a very attractive therapeutic op-
tion. We certainly observed radiographic improve-
ment shortly after bronchoscopy though mean
hospital stay of our population was not shorter
than that of other centers where bronchoscopy was
not routinely performed.12,16 The latter finding,
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however, may be confounded by population selec-
tion and the lack of uniform discharge criteria.

In summary, bronchoscopy demonstrated high
diagnostic value in distinguishing ACS patients with
plastic bronchitis. A multicenter, prospective, con-
trolled study may elucidate the role of diagnostic/
therapeutic bronchoscopy in patients with ACS of
SCD.

Conclusion

Plastic bronchitis is a common pulmonary compli-
cation of ACS in children and adolescents with SCD.
Its existence could not be predicted using any par-
ticular clinical feature. Bronchoscopy is essential in
the diagnosis of this condition. Although improve-
ment was observed radiographically following re-
moval of the bronchial casts, the contribution of
bronchoscopy to currently practiced supportive ther-
apy remains unclear.

ACKNOWLEDGMENT: We thank Drs. Carlos Maggi, Luis
Torero, and Pornchai Tirakitsoontorn for their assistance in
bronchoscopy.

References

1 Barrett-Connor E. Acute pulmonary disease and sickle cell
anemia. Am Rev Respir Dis 1971; 104:159–165

2 Kirkpatrick MB, Haynes J. Sickle cell disease and the pulmo-
nary circulation. Semin Respir Crit Care Med 1994; 15:473

3 Vichinsky EP, Styles LA, Colangelo LH, et al. Acute chest
syndrome in sickle cell disease: clinical presentation and
course. Blood 1997; 89:1787–1792

4 Weil JV, Castro O, Malik AB, et al. Pathogenesis of lung
disease in sickle hemoglobinopathies: NHLBI workshop sum-
mary. Am Rev Respir Dis 1993; 148:249–256

5 Raghuram N, Pettignano R, Gal AA, et al. Plastic bronchitis:
an unusual complication associated with sickle cell disease
and the acute chest syndrome. Pediatrics 1997; 100:139–142

6 Nussbaum E. Pediatric fiberoptic bronchoscopy. Clin Pediatr
1995; 34:430–435

7 Platt OS, Brambilla DJ, Rosse WF, et al. Mortality in sickle
cell disease: life expectancy and risks factors of early death.
N Engl J Med 1994; 330:1639–1644

8 Vichinsky E. Comprehensive care in sickle cell disease: its
impact on morbidity and mortality. Semin Hematol 1991;
28:220–226

9 Gray J, Anionwu EN, Davies SC, et al. Patterns of mortality
in sickle cell disease in United Kingdom. J Clin Pathol 1991;
44:459–463

10 Thomas AN, Pattison C, Serjeant GR. Causes of death in
sickle cell disease in Jamaica. BMJ 1982; 185:633–635

11 Castro O, Brambilla DJ, Thorington B, et al. The acute chest
syndrome in sickle cell disease: incidence and risk factors.
Blood 1994; 84:643–649

12 Vichinsky E, Styles L. Sickle cell disease: pulmonary compli-
cations. Hematol Oncol Clin North Am 1996; 10:1275–1287

13 Powars D, Weidman JA, Odom-Maryon T, et al. Sickle cell
chronic lung disease: prior morbidity and the risk of pulmo-
nary failure. Medicine 1988; 67:66–76

14 Barrett-Connor E. Bacterial infection and sickle cell anemia.
Medicine 1971; 50:97–112

15 Charache S, Scott JC, Charache P. Acute chest syndrome in
adults with sickle cell anemia. Arch Intern Med 1979; 139:
67–69

16 Vichinsky EP, Neumayr LD, Earles AN, et al. Causes and
outcomes of the acute chest syndrome in sickle cell disease.
N Engl J Med 2000; 342:1855–1865

17 Bunn HF. Pathogenesis and treatment of sickle cell disease.
N Engl J Med 1997; 337:762–769

18 Hebbel RP, Vercellotti GM. The endothelial biology of sickle
cell disease. J Lab Clin Med 1997; 129:288–293

19 Natarajan M, Udden MM, McIntire LV. Adhesion of sickle
red blood cells and damage to interleukin-1 stimulated
endothelial cells under flow in vitro. Blood 1996; 87:4845–
4852

20 Hammerman SI, Kourembanas S, Conca TJ. Endothelin-1
production during the acute chest syndrome in sickle cell
disease. Am J Respir Crit Care Med 1997; 156:280–285

21 Gladwin MT, Schechter AN, Shelhamer JH, et al. The acute
chest syndrome in sickle cell disease: possible role of nitric
oxide in its pathophysiology and treatment Am J Respir Crit
Care Med 1999; 159:1368–1376

22 Styles LA, Schalkwijk CG, Aarsman AJ, et al. Phospholipase
A2 levels in acute chest syndrome of sickle cell disease. Blood
1996; 87:2573–2578

23 Stockman JA, Nigro MA, Mishkin MM, et al. Occlusion of
large cerebral vessels in sickle-cell anemia. N Engl J Med
1971; 287:846–849

24 Adams RJ, McKie VC, Hsu L, et al. Prevention of a first
stroke by transfusions in children with sickle cell anemia and
abnormal results on transcranial Doppler ultrasonography.
N Engl J Med 1998; 339:5–11

25 Vichinsky E, Williams R, Das M, et al. Pulmonary fat
embolism: a distinct cause of severe acute chest syndrome in
sickle cell anemia. Blood 1994; 83:3107–3112

26 Aldrich TK, Dhuper SK, Patwa NS, et al. Pulmonary entrap-
ment of sickle cells: the role of regional alveolar hypoxia.
J Appl Physiol 1996; 80:531–539

27 Kao NL, Richmond GW. Cough productive of casts. Ann
Allergy Asthma Immunol 1996; 76:231–233

28 Seear M, Hui H, Magee F, et al. Bronchial casts in children:
a proposed classification based on nine cases and a review of
the literature. Am J Respir Crit Care Med 1997; 155:364–370

29 Koumbourlis AC, Hurlet-Jensen A, Bye MR. Lung function
in infants with sickle cell disease. Pediatr Pulmonol 1997;
24:277–281

30 Wall MA, Platt OS, Strieder DJ. Lung function in children
with sickle cell anemia. Am Rev Respir Dis 1979; 120:210–
214

31 Santoli F, Zerah F, Vasile N, et al. Pulmonary function in
sickle cell disease with or without acute chest syndrome. Eur
Respir J 1998; 12:1124–1129

32 Colloridi V, Roggini M, Formigari R, et al. Plastic bronchitis
as a rare complication of Fontan’s operation [letter]. Pediatr
Cardiol 1990; 11:228

33 Bettman M. Report of a case with fibrinous bronchitis, with a
review of all cases in the literature. Am J Med Sci 1992;
123:304–329

34 Bowen A, Oudjhane K, Odagiri K, et al. Plastic bronchitis:

612 Bronchoscopy



large, branching, mucoid bronchial casts in children. Am J
Radiol 1985; 144:371–375

35 Duncan W, Tyrrell M, Bharadwaj B, et al. Fontan’s operation
complications. Pediatr Cardiol 1993; 14:62–63

36 Bellet PS, Kalinyak R, Shukla MJ, et al. Incentive spirometry

to prevent acute pulmonary complications in sickle cell
diseases. N Engl J Med 1995; 333:699–703

37 Languepin J, Scheinmann P, Mahut B, et al. Bronchial casts
in children with cardiopathies: the role of pulmonary lym-
phatic abnormalities. Pediatr Pulmonol 1999; 28:329–336

CHEST / 120 / 2 / AUGUST, 2001 613


	Plastic Bronchitis and the Role of Bronchoscopy in the Acute ChestSyndrome of Sickle Cell Disease
	Materials and Methods
	Results
	Bronchoscopic Findings
	Pathology
	Comparison of Clinical Features Between theGroups With and Without Plastic Bronchitis

	Discussion
	Conclusion
	ACKNOWLEDGMENT
	References




