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Crospovidone is an insoluble polymer of N-vinyl-2-
pyrrolidone that is used as a disintegrant in phar-
maceutical tablets. It can potentially embolize to
the lung when aqueous tablet suspensions are in-
jected intravenously. In this report, we identified
embolized crospovidone in autopsy-derived lung
tissue from three adult IV drug users, 1 man and 2
women, whose ages respectively were 27, 38, and 40
years. Suspected crospovidone was compared with
pharmaceutical-grade crospovidone by means of
histochemical stains, transmission electron micros-
copy, and infrared spectroscopy. Similar particles
were also observed by light microscopy in a 4-mg
tablet of hydromorphone, a preparation prescribed
to two of the patients. Two patients had sickle cell
disease and were taking methadone and/or hydro-
morphone for pain management; the third was re-
ceiving parenteral hyperalimentation after small
bowel resection. Crospovidone appeared as deeply
basophilic, coral-like particles within pulmo-
nary arteries and in extravascular foreign-body
granulomas. Intrapulmonary crospovidone
stained similarly to the pure substance, includ-
ing intense staining with mucicarmine, Congo
red, and Masson trichrome. With Movat penta-
chrome stain, both intravascular and purified
crospovidone appeared orange-yellow, whereas
most interstitial particles associated with giant
cells stained blue-green. Alcian blue failed to
stain intravascular or purified crospovidone but

strongly decorated some phagocytized particles.
Ultrastructurally, both purified powder and tis-
sue deposits of crospovidone appeared as irreg-
ular, electron dense, laminated, and finely gran-
ular material. Intrapulmonary crospovidone
was associated with inflammatory cells and ex-
hibited degenerative changes. By infrared spec-
troscopy, crospovidone in tissue had the same
spectral characteristics as pharmaceutical
grade crospovidone and the library reference,
polyvinylpyrrolidone (PVP). We conclude that
crospovidone contributes to pulmonary vascu-
lar injury in some persons who illicitly inject
pharmaceutical tablets. It is readily identifiable
histologically and distinguishable from other
tablet constituents, such as cornstarch, talc, and
microcrystalline cellulose. The variable staining
with Alcian blue and Movat suggests that
crospovidone is altered in vivo by the inflam-
matory response.
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Pharmaceutical tablets typically consist of active
ingredients and a variety of insoluble filler sub-
stances, such as talc, microcrystalline cellulose, and
cornstarch, which provide bulk and impart physical
properties to tablet preparations (1). Pulmonary
foreign body granulomatosis caused by the embo-
lization of these filler materials occurs when aque-
ous suspensions of tablets intended for oral con-
sumption are injected intravenously (1–3).
Some of the agents used in this manner, either

alone or in combination, include methadone hy-
drochloride, tripelennamine hydrochloride (Pyriben-
zamine), methylphenidate (Ritalin), and pentazocine
(Talwin; 3–6). Pulmonary angiothrombotic granulo-
matosis caused by talc, cornstarch and/or microcrys-
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talline cellulose has been widely reported, with an
emphasis on the subsequent development of fatal
pulmonary hypertension and cor pulmonale (3,
7–11). Other less well-recognized tablet excipients
that have injurious potential include magnesium
stearate and siliciumoxid (silicon dioxide; 1).

We have recently identified, in autopsy-derived
lung tissue of three intravenous drug users, a dis-
tinctive embolic material, crospovidone (a polyvi-
nylpyrrolidone), that is an important disintegrant in
pharmaceutical tablets (12–15). Crospovidone has
not generally been emphasized, or recognized by
pathologists, as a cause of pulmonary angiothrom-
bosis and foreign body granulomatosis. In this re-
port we characterize the morphologic, histochemi-
cal, spectroscopic, and ultrastructural features that
facilitate the recognition and identification of
crospovidone in tissue sections and describe the
inflammatory response and lung vascular remodel-
ing resulting from the intravenous injection of this
substance.

METHODS

We reviewed the clinical data, autopsy protocols,
and microscopic slides of the three subjects in-
cluded in this study. A review of slides from all cases
of fatal hydromorphone toxicity from 1985 to 2001
that were on file at the Cuyahoga County Coroner’s
office failed to disclose any other cases of similar
pulmonary foreign body emboli.

Embolized material seen in the lungs of all three
patients was suspected to be crospovidone, a
known constituent of certain preparations of hy-
dromorphone tablets (Roxane Corp.). Two patients
had been prescribed 4-mg hydromorphone tablets
for pain management. In order to verify the identity
of the embolized substance, we first recognized
similar particles in an aqueous suspension of a
4-mg hydromorphone tablet (Roxane Corp.). The
morphology and staining properties of the material
in tissue sections were then compared with those of
purified crospovidone powder (Polyplasdone XL)
obtained from the manufacturer (12).

The crospovidone powder was embedded in a
paraffin block from which 5-�m-thick sections
were cut and respectively stained with Movat pen-
tachrome, Alcian blue, mucicarmine, periodic acid–
Schiff with diastase predigestion (PAS/D), Masson
trichrome, Gomori methenamine silver (GMS),
Congo red, von Kossa, Alizarin red, Gram, Prussian
blue, and Fontana-Masson. Representative sections
of lung that contained suspected crospovidone
from each patient were histochemically stained as
listed above.

A small amount of pharmaceutical-grade crospo-
vidone powder and a fragment of formalin-fixed

lung tissue from Patient 1 were washed with glutar-
aldehyde, postfixed in 1% osmium tetroxide,
stained en bloc with 1% aqueous uranyl acetate,
dehydrated with acetone, and embedded in Spurr’s
resin. The blocks were then thin-sectioned and
stained with 1% uranyl acetate–lead citrate and ex-
amined with a transmission electron microscope.

Infrared spectra were obtained by using a Nicolet
(ThermoNicolet, Madison, WI) model 860 Fourier
transform infrared spectrometer attached to a
Nicolet Continuum infrared microscope. Speci-
mens approximately 5 �m thick were cut from
paraffin-embedded crospovidone powder and from
formalin-fixed lung tissue (Case 1), then mounted
on the aluminum-coated glass slides. A reflective
objective (32�) was used to focus the infrared light
onto the sections. Infrared spectra were obtained as
the light passed through the sample, reflected off
the aluminum surface, and passed through the
sample a second time before being directed to a
liquid nitrogen–cooled mercury-cadmium-telluride
(MCT) detector. Spectra were recorded at 4-cm�1

spectral resolution, and sample spectra were com-
pared with background spectra obtained from blank
regions on the slide and expressed as a ratio. Adjust-
able apertures (between 20 and 50 �m in size) were
used in the microscope to localize the infrared beam
to the areas of interest, and 128 scans were co-added
to reduce noise levels and provide adequate spectral
quality. The spectrometer was purged with dry air to
minimize the effects of absorptions caused by atmo-
spheric water vapor and carbon dioxide. The mea-
sured infrared spectra were compared with those of
authentic samples stored in commercial spectral li-
braries and obtained in our laboratories.

REPORT OF CASES

Case 1
A 40-year-old African-American woman with

sickle cell disease and frequent sickle cell crises
died 2 weeks after hospitalization for Enterococcus
cloacae sepsis. Her hospital course included respi-
ratory failure requiring supplemental oxygen and
mechanical ventilation. Echocardiogram revealed
an elevated pulmonary artery pressure of 69 mm
Hg. The patient was taking hydromorphone and
methadone, as well as multiple other medications
for pain control, and was on a patient-controlled
anesthesia pump.

Case 2
A 27-year-old African-American man with sickle

cell disease and dilated cardiomyopathy underwent
surgical repair of a ruptured aortic aneurysm 7
years before death. As a result of his aneurysm, he
was rendered paraplegic, with a neurogenic blad-
der, decubitus ulcers, chronic pyelonephritis, and
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chronic osteomyelitis. A peripherally inserted cen-
tral catheter (PICC) had been placed for long-term
antibiotic and analgesic therapy. At the time of his
sudden death, the patient’s pain medications con-
sisted of a 75-mg Duragesic patch and oral 4-mg
hydromorphone tablets. The patient had a long
history of intravenous drug use. At the scene of his
death, the patient was found with a syringe, con-
taining clear liquid with white particles, inserted in
the PICC line. After toxicology analysis, the cause of
his death was determined to be acute intoxication
by the combined effects of hydromorphone, oxyc-
odone, and promethazine.

Case 3
A 38-year-old woman, who was on hyperalimen-

tation after extensive small bowel resection, died
suddenly. Her prescribed medications included
propoxyphene and Percocet. There was no clinical
history of intravenous drug use. The cause of her
death was determined to be pulmonary granuloma-
tosis and ischemic colitis. Postmortem toxicology
studies were positive for propoxyphene.

RESULTS

Complete autopsy data from all three subjects
indicated combined lung weights of 1210, 950, and
1400 g, respectively. Macroscopically, the lungs of
subjects 1 and 2 exhibited pleural adhesions. In
Subjects 1 and 3, the parenchyma was congested
and/or edematous. Subject 1 also exhibited mild
centriacinar emphysema, scattered thromboem-
boli, and peripheral areas of induration. Subject 2
had normal-appearing, crepitant lung parenchyma.
Total cardiac weights (right ventricular wall thick-
ness) were, respectively, 550 g (0.8 cm), 520 g (0.5
cm), and 350 g (0.35 cm).

Upon microscopic examination, all three subjects
demonstrated extensive pulmonary angiothrombo-
sis and angiocentric foreign body granulomas asso-
ciated with birefringent, rodlike crystals having the
staining properties of microcrystalline cellulose (3).
In addition to the cellulose particles, there were
abundant, non-birefringent, deeply basophilic, ir-
regular, coral-like structures measuring �100 �m in
maximum dimension (Fig. 1). These particles were

FIGURE 1. Left upper, embolized crospovidone appears as deeply basophilic coral-like particles associated with a foreign body giant cell reaction.
The vascular lumen has been greatly restricted (H&E; original magnification, 160�). Right upper, crospovidone (deep red) in a recanalized
thromboembolus (mucicarmine; original magnification, 400�). Left lower, intravascular crospovidone (yellow-orange particles) associated with
recent thrombus, in muscular pulmonary artery (Movat pentachrome; original magnification, 250�). Right lower, crospovidone (blue-green particles)
and associated foreign body granuloma have partially destroyed the vascular elastica of a non-muscular pulmonary artery (Movat pentachrome;
original magnification, 250�).
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associated with an intravascular and perivascular
foreign body giant cell reaction in all three patients
(Fig. 1). In Subject 2, similar particles were present
in a subcutaneous abscess, and in Subjects 2 and 3,
they lay freely enmeshed in fibrin within pulmo-
nary arterial lumens, indicative of recent injection
(Fig. 1). In Subject 3, rare particles were additionally
identified in small, nonmuscular, myocardial blood
vessels.

Particles present in the histologic sections of pure
crospovidone powder resembled similar material in
the wet preparation of the 4-mg hydromorphone
tablet and were morphologically and histochemi-
cally similar to the particles in the lung (Figs. 1–2;
Table 1). Crospovidone was most vividly demon-
strated by H&E (violet-blue), mucicarmine (brilliant
red), and Congo red (red-brown; Fig. 1). Both von
Kossa and alizarin red stains for calcium were neg-
ative, although a weak salmon-pink color was ap-
parent with alizarin red. Two patterns of staining
were observed with Alcian blue and Movat stains.
Phagocytized particles within foreign body giant
cells tended to stain, respectively, blue or blue-
green with Alcian blue or Movat, whereas crospo-
vidone powder and recently injected material
within arteries was red with Alcian blue and ap-
peared yellow-orange with Movat pentachrome
stain (Fig. 1). Transitional staining from red to blue
(Alcian blue) or orange to blue-green (Movat) was
observed within foreign-body granulomas. Bright
red staining by nuclear fast red counterstain was
also apparent in the Prussian blue and Fontana-
Masson stains. With PAS/D, particles were deep
blue-gray. GMS staining was weak, with focal
brown to gray coloration in both lung sections and
in sections of crospovidone powder.

Ultrastructurally, both crospovidone powder and
intrapulmonary crospovidone appeared electron
dense with a finely granular, mosaic, lamellar pat-
tern imparting a “scrolled” appearance (Fig. 3). Par-
ticles that were associated with a foreign body re-

action had frayed, deeply scalloped indentations,
within which resided inflammatory cells (Fig. 3).

The infrared spectra were obtained from the re-
gions corresponding to those indicated in the H&E-
stained histologic section of lung (Fig. 4). Both bi-
refringent, crystalline, nonstaining particles and
non-birefringent, coral-like, basophilic foreign ma-
terial were analyzed. A computerized search of a
reference collection of infrared spectra revealed
that the spectra obtained from the tissue very
closely matched those of cellulose and polyvi-
nylpyrrolidone (PVP), respectively. In Figure 4, the
birefringent material in the region marked “A” is a
cellulose derivative, and the regions marked “B”
and “C” contain PVP along with tissue protein. The
infrared spectra obtained from a section of
paraffin-embedded crospovidone was identical to
that obtained in regions “B” and “C” and also very
closely matched the reference spectrum of PVP
(Figs. 2,4).

DISCUSSION

Crospovidone is a synthetic, insoluble homopoly-
mer of N-vinyl-2-pyrrolidone, formed by a unique,
simultaneous polymerization and cross-linking re-
action (“popcorn” polymerization) of vinyl pyrroli-
done (12–14). On scanning electron microscopy,
crospovidone particles have a convoluted, sponge-
like appearance (12, 15). Its cross-linked structure
provides a large absorptive surface and tremendous
hygroscopicity that imparts a rapid swelling rate,
making crospovidone an excellent tablet disinte-
grant. Swelling of crospovidone by slightly soluble
drugs also results in a subsequent high release rate
of the drug in aqueous media (14). In its purified
form, crospovidone is a white powder that is chem-
ically inert, essentially nontoxic, and not absorbed
through the gastrointestinal tract. According to one
pharmaceutical manufacturer (Roxane Corp.) and

FIGURE 2. Left, powdered crospovidone (Polyplasdone XL; H&E; original magnification, 480�). Right, infrared spectrum.
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confirmed by our direct observation of a wet-
mount tablet suspension, crospovidone is a com-
ponent in some 4-mg hydromorphone tablets,
which had been prescribed to two of the patients in
this study. Because of its widespread pharmaceuti-
cal application, however, crospovidone is a likely
constituent of other tablet preparations intended
for oral consumption that might also be subject to
intravenous administration.

The identity of crospovidone particles in lung
tissue of the individuals in this study was confirmed
by histochemical, ultrastructural, and spectro-
scopic conformity with pharmaceutical-grade
crospovidone. Because of its basophilic, irregular
appearance, crospovidone particles were initially
considered to represent dystrophic calcification.
However, alizarin red and von Kossa stains for cal-
cium were negative. Crospovidone is readily distin-
guished from other tablet additives such as talc,
cornstarch, and microcrystalline cellulose, which

are typically colorless with H&E staining and
brightly birefringent, with characteristic appear-
ances under polarized light (2). The histochemical
staining profile, including an intense reaction with
mucicarmine and Congo red stains, and lack of
red-violet staining with periodic acid-Schiff, pro-
vides reliable confirmation of crospovidone in his-
tologic sections.

Crospovidone contributes to vascular injury by
causing angiothrombosis, foreign-body granuloma-

TABLE 1. Histochemical Staining Features of Crospovidone

Stain
Form/Location

of Material*
Result

H&E I, FB, P Violet-blue
Mucicarmine I, FB, P Bright red
Congo red I, FB, P Red-brown
Masson trichrome I, FB, P Red-brown/blue
Alcian blue I, FB, P Red

FB Blue
Movat pentachrome I, FB, P Yellow-orange

FB Blue-green
Gomori methenamine silver I, FB, P Brown to grey
PAS/D I, FB, P Blue-grey
Other stains� I, FB, P Negative

* I � intravascular; FB � foreign-body granuloma; P � purified powder, in vitro.
� Other stains � von Kossa, Alizarin red, Gram, Prussian blue, Fontana-Masson.

FIGURE 3. Intrapulmonary crospovidone (Subject 1). The
crospovidone particle is deeply scalloped, fragmented, and
degenerated. A foreign body giant cell (upper left) extends a
cytoplasmic process around the particle. Neutrophils are present
adjacent to the material (TEM; magnification, 5380�). Inset.
Ultrastructure of pure, pharmaceutical grade crospovidone powder
(Polyplasdone XL). There is a finely granular, mosaic, and lamellar
pattern (TEM; magnification, 10,175�).

FIGURE 4. Upper, occluded and recanalized pulmonary artery
(Subject 1), showing cellulose (Inset A) and
polyvinylpyrrolidone/crospovidone (Insets B and C) in areas of foreign
body giant cell reaction. (H&E; original magnification, 50�; Insets A, B,
and C, original magnifications, 480�). Lower, infrared spectra from
Insets A (cellulose), B, and C (polyvinylpyrrolidone), wavenumber in
cm�1 abscissa.
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tosis, and granulomatous angiitis, similar to the
case with other embolized tablet excipients (3, 8).
Through a process of vascular remodeling, crospo-
vidone may assume an extravascular location (2,
16). In the subjects of this report, the quantity of
crospovidone in the lung was exceeded by microc-
rystalline cellulose, correlating with the relative
proportions of the two materials in tablet
preparations.

Unlike pure crospovidone powder, phagocy-
tized crospovidone in foreign body giant cells
focally stained strongly with Alcian blue and the
Alcian blue component of the Movat penta-
chrome stain. This divergent staining reaction
suggests that crospovidone particles are chemi-
cally altered by the inflammatory response. The
ultrastructural appearance of degenerated parti-
cles in association with inflammatory cells sup-
ports this interpretation.

Crospovidone is a polymer of vinyl pyrrolidone
and therefore represents a variant of polyvi-
nylpyrrolidone. Its unique cross-linked structure
imparts histological, physical, and biochemical
features that distinguish it from other forms of
polyvinylpyrrolidone.

Historically, PVPs have had various uses, in-
cluding applications as plasma expanders, as
resin in hair spray, as a medium for hormones
and tincture of iodine, and as a binder in phar-
maceutical tablets (17). The molecular weight of
PVP ranges widely depending on the polymer
chain length of the material in question. PVP
infusions with a molecular weight of �50,000 un-
dergo rapid renal excretion (18). However, PVP is
also chemically stable and is not widely metabo-
lized, leading to rapid accumulation, particularly
in the reticuloendothelial system, blood vessels,
liver, kidney, and spleen (19). Infiltration of PVP
in bone marrow has been reported to be a com-
plication of massive intravenous injection that
was associated with severe irreversible anemia
and destruction of bone (20).

PVP has previously been recognized as a cause of
mucicarminophilic histiocytosis, pseudosarcoma-
tous subcutaneous granuloma, and the inhalational
lung disease, thesaurosis (hair-sprayer’s lung; 17,
18, 21–24). It imparts a bubbly appearance to his-
tiocytes, which thereby resemble malignant signet-
ring cells (17, 21, 25). PVP has additionally been
reported to mimic congenital mucolipid storage
disease in a patient with Munchausen’s syndrome
(26). Although a small amount of mucoid material
was present within granulomas in one of our pa-
tients, crospovidone does not have the appearance
in tissue of mucicarminophilic histiocytosis. It ap-
pears likely, therefore, that the histopathologic fea-
tures described in mucicarminophilic histiocytosis
and similar lesions are associated with non-

crospovidone PVPs. The histochemical staining re-
actions of PVP in mucicarminophilic histiocytosis
overlap those of crospovidone, yet differ in their
strong staining with GMS and Fontana-Masson. Ul-
trastructurally, PVP in mucicarminophilic histiocy-
tosis appears as a finely granular material with
dense aggregates that is easily distinguishable from
the mosaic, lamellar structure of crospovidone (17,
22, 25).

PVP was extracted from subcutaneous tissue and
identified by infrared spectroscopy in a previous
study (22). In our study, infrared micro-
spectroscopy was used to identify and localize poly-
vinylpyrrolidone and cellulose in formalin-fixed,
paraffin-embedded tissue sections. The infrared
spectra of polyvinylpyrrolidone in that previous
study and in our study are similar (22). The infrared
spectrum of crospovidone is indistinguishable from
other forms of polyvinylpyrrolidone. However,
crospovidone can be differentiated from other
forms of PVP in tissue sections by combining the
infrared spectrum with the observed histologic and
histochemical characteristics. In a study of x-ray
photoelectron spectra, there were subtle differ-
ences between the spectra of crospovidone and
other forms of PVP (14). Additional studies may
determine whether minor variations in the infrared
spectra obtained from various forms of PVP in tis-
sue can be used to distinguish different PVP
polymers.

The deeply basophilic property of crospovidone
in H&E-stained sections may suggest the potassium
binding resin, sodium polystyrene sulfonate
(Kayexalate), which is occasionally aspirated into
the lung (27). Kayexalate, however, is a much more
angulated particle, with a glassy appearance, and is
confined to airspaces where it elicits organizing
pneumonia (27). Confusion with Kayexalate con-
ceivably could occur in individuals who aspirate
crospovidone-containing tablets.

In summary, crospovidone is a readily recog-
nizable constituent of pharmaceutical tablets that
contributes to pulmonary vascular injury in the
lungs of some individuals who inject aqueous
suspensions of tablet preparations. The intravas-
cular presence of crospovidone provides yet an-
other histological marker of intravenous drug
use. The long-term effects of crospovidone within
the lung are unknown.
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