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Hematoxylin-eosin (H&E)–stained sections may not
allow proper evaluation of birefringence properties
of the crystals in the lesions of pseudogout, gout,
and tumoral calcinosis. This study was undertaken
to verify the application of a special stain that could
facilitate the evaluation of the birefringence prop-
erties of these crystals for definitive diagnosis. We
evaluated previously described nonaqueous alco-
holic eosin staining (NAES) method based on the
principle of using alcoholic eosin without hematox-
ylin and any other aqueous reagents for staining of
formalin-fixed, paraffin-embedded tissue sections.
Two observers, in a blinded fashion, evaluated the
sections stained with routine H&E and NEAS
method without the knowledge about clinical diag-
nosis. All pseudogout (nine sections from seven
cases) and gout (eight sections from five cases) le-
sions demonstrated birefringence in the sections
stained with NAES method. H&E–stained sections
showing the respective diagnostic histomorphology
failed to demonstrate the birefringent crystals by
polarizing microscopy in all the eight sections from
gout and in seven of nine sections frompseudogout.
Only two H&E–stained sections showed scant cal-
cium pyrophosphate dihydrate (CPPD) crystals in
pseudogout. None of the three sections from two
cases of tumoral calcinosis showed birefringence
with either stain. We conclude that CPPD in pseu-
dogout and monosodium urate in gout may not
polarize in the routine H&E–stained sections. How-

ever, polarizing microscopy of sections stained with
NAESmethod allowed demonstration of CPPD crys-
tals with positive birefringence in pseudogout, MSU
crystals with negative birefringence in gout, and
calcium hydroxyapatite crystals without birefrin-
gence in tumoral calcinosis. Section stained with
NAESmethod is a significantly useful adjunct to the
routine H&E stain for proper evaluation of the crys-
tals under polarizing microscope in these lesions.
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Pseudogout, gout, and tumoral calcinosis may be a
diagnostic challenge during the interpretation of
biopsy material (1, 2). In pseudogout, calcium py-
rophosphate dihydrate (CPPD) crystals are depos-
ited in soft tissue, cartilage, and bone, leading in
some cases to symptoms mimicking gout. Clini-
cians prefer the term CPPD crystal deposition dis-
ease or pyrophosphate arthritis. Deposition of CPPD
crystals leading to radiologic and pathologic calci-
fication of cartilage is called chondrocalcinosis. Like
monosodium urate (MSU) crystals in gout, the
CPPD crystals in pseudogout are typically seen as
amorphous basophilic to amphophilic material
with or without surrounding foreign-body giant cell
reaction (1). Tumoral calcinosis also shows baso-
philic calcospherites of calcium hydroxyapatite
(CHA) with surrounding foreign-body giant cell re-
action (2) and may be misinterpreted occasionally
as gout or pseudogout affecting the clinical man-
agement. CHA is also present in other lesions, such
as soft-tissue chondroma with calcification and in
posttraumatic ligamentous calcification, and may
be considered in the differential diagnosis with to-
phus (2). Histological features are usually sugges-
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tive (1–8) but may require application of polarizing
microscope to confirm the nature of crystals during
the differential diagnosis for proper clinical man-
agement (9). CPPD and MSU crystals may not show
birefringence in routinely stained hematoxylin-
eosin (H&E) sections. However, they demonstrated
birefringence in the sections stained with nonaque-
ous alcoholic eosin staining (NAES) method (10–
12). The present study was undertaken to evaluate
this method as an ancillary special stain with rou-
tine H&E-stained sections for the differential diag-
nosis of the above lesions.

MATERIALS AND METHODS

We studied 20 tissue blocks from 14 cases. All the
biopsy specimens were fixed in 10% buffered for-
malin for �6 hours but �12 hours and processed
for paraffin embedding. They were divided into
three groups based on the histological features and
clinical findings:

1. Pseudogout: nine blocks, seven cases (two
blocks with bone in addition to the surrounding
soft tissue were decalcified before processing for
paraffin embedding).

2. Gout—eight blocks, five cases, with tissue frag-
ments �2-mm cores (10–12).

3. Tumoral calcinosis—three blocks, two cases.
(One case in this group was initially misdiagnosed
as calcification suggestive of pseudogout on routine
H&E–stained sections).

The sections were stained with H&E, using Mey-
er’s hematoxylin for 15 minutes without differenti-
ation by acid alcohol. The respective next-level sec-
tions were stained with NAES method, which is
based on the principle of not passing the tissue
section through hematoxylin and any other aque-
ous reagent. This prevents masking of the CPPD
and CHA crystals with hematoxylin. It also prevents
the dissolution and loss of MSU crystals by aqueous
reagents. Staining with nonaqueous stain visualizes
the tissue architecture, allowing the examiner to
appreciate the relationship of crystals with sur-
rounding tissue. Red-colored alcoholic stain like
alcoholic eosin was preferred because it matched
the red background during polarizing microscopy
with the compensator. We used 0.5% alcoholic eo-
sin Y (Shandon Inc, Pittsburgh, PA) during this
study. As described previously (10–12), the glass
slides with 5- to 7-�m-thick paraffin sections were
progressively and sequentially dipped through the
following reagents:

1. Deparaffinize the sections in xylene (60
seconds).

2. Xylene (six dips or 20 seconds).
3. Absolute alcohol (six dips or 20 seconds).
4. Absolute alcohol (six dips or 20 seconds).

5. 0.5% alcoholic eosin Y (Shandon Inc; six dips
or 20 seconds).

6. Wash the excess of 0.5% alcoholic eosin Y with
absolute alcohol (six dips or 20 seconds).

7. Absolute alcohol (six dips or 20 seconds).
8. Absolute alcohol (six dips or 20 seconds).
9. Xylene (six dips or 20 seconds).
10. Xylene (six dips or 20 seconds).
11. Coverslip with nonaqueous mounting me-

dium, such as S/P brand ACCU. MOUNT 60 (Baxter
Healthcare Corporation, McGaw Park, IL).

The slides stained with H&E (control) and NAES
(study) method were examined by light microscope
for the histological features. They were also exam-
ined with polarizing microscope for the evaluation
of crystal birefringence (11, 13–15). Two observers
without the knowledge of the clinical diagnosis
evaluated these features.

RESULTS

In Group A (pseudogout), all nine slides stained
with NAES method showed numerous rhomboid-
to rod-shaped pleomorphic crystals with blunt ends
under light microscope (Table 1, Fig. 1A4). They
demonstrated birefringence under polarizing mi-
croscope (Fig. 1A4). These crystals were blue when
the long axes of the crystals were parallel to the axis
of the slow ray of the first-order red compensator
and were yellow when the long axes of the crystals
were perpendicular to the axis of the slow ray under
polarizing microscope. When the axis of the slow
ray was rotated, the crystals changed the colors
concordant with the pattern of positive birefrin-
gence, consistent with CPPD crystals. All H&E-
stained sections showed histological features con-
sistent with pseudogout (Fig. 1A1). When these
H&E-stained sections were examined under polar-
izing microscope, only two sections showed scant
crystals with weak positive birefringence (Table 1),
and the remaining seven sections did not demon-
strate any birefringence (Fig. 1A2). Two blocks from
the decalcified tissue belonged to the latter group of
seven sections.

All the eight slides from Group B (gout) stained with
NAES method demonstrated MSU crystals by light
microscope. The crystals were yellow-brown aggre-
gates of the needle-shaped structures simulating
stacks of hay (Table 1, Fig. 1B3). They demonstrated
diagnostic birefringence under the polarizing micro-
scope (Fig. 1B4). The crystals demonstrated yellow
color when their long axes were parallel to the axis of
the slow ray, and blue color when their long axes were
perpendicular to the axis of the slow ray of the first-
order red compensator. The rotation of the slow-ray
axis changed the colors of the crystals corresponding
to the pattern of negative birefringence, consistent
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with MSU crystals. They did not demonstrate any
birefringence in the sections stained with H&E (Fig.
1B2); however, the histologic features consistent with
gouty tophus were observed in all H&E-stained sec-
tions (Table 1, Fig. 1B1).

In Group C (tumoral calcinosis), all three sections
stained with H&E showed amorphous basophilic
psammoma body–like calcospherites with sur-
rounding foreign-body giant cell reaction (Fig. C1).
None of the sections stained with either H&E or
NAES method showed any birefringence, which
was consistent with CHA crystals (Table 1, Fig. 1,
C2, C4). Both the observers concurred with the
interpretations in all cases with similar results.

DISCUSSION

CPPD crystals in pseudogout, MSU crystals in
gout, and CHA crystals in the lesions such as tu-
moral calcinosis, soft tissue chondroma with calci-
fication, and posttraumatic ligamentous calcifica-
tion have characteristic features that can be helpful
during the biopsy interpretation. MSU crystals dis-
solve in water and are lost from H&E-stained sec-
tions (11, 16). Depending on the type of hematox-

ylin used, CPPD crystals may be masked by the
hematoxylin and lose their birefringence. Because
of this, pseudogout associated with mass lesion
may be misinterpreted as tumoral calcinosis and
vice versa (1, 17). As observed in gout, different
types of crystals may coexist in the same lesion (6),
confusing the issue further if the crystals cannot be
evaluated by polarizing microscopy. These crystals
have different morphological and birefringence
patterns. Both MSU and CPPD crystals are birefrin-
gent, whereas CHA crystals do not demonstrate any
birefringence under polarizing microscope. The
theory of polarizing microscopy has been described
previously in detail (14, 15).

In Group A (pseudogout), only two of nine H&E
sections demonstrated scant CPPD crystals with
weak birefringence under polarizing microscope;
however, all nine sections stained with NAES
method demonstrated numerous pleomorphic-,
rod-, and rhomboid-shaped CPPD crystals with di-
agnostic positive birefringence under polarizing
microscope. In routinely stained H&E sections, the
birefringence of CPPD crystals may be completely
lost or markedly reduced because of the masking
effect of hematoxylin. This may be due to the affin-

FIGURE 1. Findings under a light microscope and a polarizing microscope (A1, A2, A3, A4, B1, B2, B3, B4, 250�; C1, C2, C3, 100�). Sections
stained with H&E demonstrated relevant histopathology (A1, B1, C1); however, they did not show any birefringent crystals under a polarizing
microscope (A2, B2, C2). Sections stained with NAES method demonstrated birefringent crystals under polarized light in pseudogout (A4) and gout
(B4) but did not show any birefringent crystals in tumoral calcinosis (C4).
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ity of hematoxylin for calcium in these crystals that
may still transmit the light but does not polarize it
(Fig. 1A2). One of our cases of tumoral calcinosis
was misinterpreted initially based on H&E stain as
suggestive of pseudogout. However, with the NAES
method, globular CHA crystals were clearly differ-
entiated because of lack of birefringence from the
positively birefringent CPPD crystals of pseudogout
and negatively birefringent MSU crystals in gout
(Fig. 1).

Staining with Alizarin red for the calcium com-
ponent of CPPD and von Kossa method for the
phosphate component of CPPD have been sug-
gested for staining these crystals (4). Previously de-
scribed techniques like deGalantha stain and Go-
mori methenamine silver method for MSU are also
not specific and do not offer additional advantage
over the routine H&E sections (7, 9, 18). In Group B
(gout), all the sections stained with NAES method
demonstrated needle-shaped, negatively birefrin-
gent crystals with pointed ends, consistent with
MSU; however, none of these sections stained with
H&E demonstrated the birefringence of MSU crys-
tals (Table 1, Fig. 1). The NAES method can dem-
onstrate these crystals under polarized light with
good inter-observer reproducibility. The sections
stained with it can highlight the characteristic mor-
phology with diagnostic birefringence and is a sig-
nificantly useful ancillary special stain during the
interpretation of H&E-stained sections of these
lesions.

The interpretation of CPPD crystals in the sec-
tions stained with NAES method was not interfered
with by the decalcification process of the tissue.
Additional study specifically evaluating the effects
of decalcification on the results with NAES method
in a larger series may be indicated. However, on the
basis of our two cases in this study, decalcification
does not appear to interfere with the birefringence

of CPPD crystals. Lack of interference effect of de-
calcification on MSU crystals has been described
previously (10, 11). Tumoral calcinosis, soft tissue
chondroma with calcification, and posttraumatic
ligamentous calcification may not be of concern
with reference to birefringence, as CHA crystals
present in these lesions are not birefringent. CHA
crystals may also be associated with other condi-
tions like trauma, scleroderma, renal failure, hyper-
parathyroidism, sarcoidosis, metastatic disease,
myeloma, or hypercalcemic/hyperphosphatemic
states (1, 2).

In this study, formalin-fixed, paraffin-embedded
tissue sections were used. However, as discussed
previously, if scant MSU crystals are anticipated,
the tissue may be fixed preferably in alcohol to
avoid any loss of scant crystals in aqueous fixatives
like formalin. For practical purposes, tissue �2 mm
core size and processed within 12 hours of fixation
in formalin should retain significant amounts of
MSU crystals that can be demonstrated by the
NAES method (11, 12). As CPPD and CHA crystals
are not water soluble, formalin fixation does not
interfere with their interpretation. Tissue sections
thicker than 7 �m may be used if the quantity of
material to be studied in tissue is anticipated to be
scant (11, 12).

In summary, the NAES staining method pre-
vented the dissolution of MSU crystals from tissue
sections and preserved the birefringence property
of CPPD crystals for proper evaluation under polar-
izing microscope and light microscope. Depending
on the type of method used for H&E staining, the
birefringence of CPPD crystals may be masked by
hematoxylin. We used 0.5% alcoholic eosin Y with-
out passing through any aqueous reagent including
hematoxylin. This prevented the masking interfer-
ence by hematoxylin during the evaluation of bire-
fringence of CPPD crystals. NAES method is an

TABLE 1. Findings under Light Microscope and Polarizing Microscope

Group Diagnosis
Patients

(No.)
Tissue Blocks

(No.)

Birefringence Under
Polarizing Microscope

Findings under Light Microscope

H&E stain
n (%)

NAES method
n (%)

H&E stain NAES method

A Pseudogout 7 9 2a (22) 9 (100)
positive
birefringence

amorphous, pale, basophilic
to amphophilic material
with or without foreign
body giant cell reaction

pale, translucent, coarse,
rod- to rhomboid-shaped
crystals with blunt ends

B Gout 5 8 None 8 (100)
negative
birefringence

feathery, amphophilic
material with foreign body
giant cell reaction

yellow-brown, needle-shaped
crystals with pointed ends
distributed singly or in
groups simulating hay
stacks

C Tumoral
calcinosis

2 3 None 0 no
birefringence

basophilic amorphous,
globular structures with
surrounding giant cell
reaction

pale, translucent, coarse,
globular calcospherites

a Scant occasional birefringent crystals difficult to interpret were present. These sections were not from the decalcified blocks. H&E, hematoxylin &
eosin; NAES, nonaqueous alcoholic eosin staining.
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useful adjunct to the routine H&E stain for demon-
strating the diagnostic positive birefringence of
rhomboid- to rod-shaped pleomorphic CPPD crys-
tals in pseudogout, the needle-shaped MSU crystals
with negative birefringence in gout, and the psam-
moma body–like calcospherites of CHA crystals
without birefringence in tumoral calcinosis.
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