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ORIGINAL PAPER
Positive staining with Congo red in tissues
with heat artifact due to cautery
A. FERNANDEZ-FLORES
Service of Anatomic Pathology, Hospital El Bierzo
Service of Cellular Pathology, Clinica Ponferrada, Ponferrada, Spain

Abstract

Congo red staining is rarely the source of false positives for amyloid. On the other hand, the heat artifact due to cautery in surgical
specimens adopts some hyaline features, which can mimic amyloid deposits many times. Therefore, we decided to investigate the
behavior of these artifacted areas with some of the ancillary techniques that are commonly used when diagnosing amyloidosis: Congo red
staining (with and without treatment of the tissue by permanganate of potassium); Thioflavin T; polarized light and immunohistochemistry
(for A amyloid, lambda chain and kappa chain). For that, 10 biopsies of different organs were selected with the condition that there was
“evidence of heat artifact border”. Our results showed that the artifacted border is strongly positive for Congo red (even after treatment with
permanganate of potassium). It also showed apple-green birefringence when observed under polarized light. Nevertheless, it failed to
express any of the markers investigated in the immunohistochemical study.
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 Introduction
As early as Congo red started to be used to detect
amyloid, false positive dye bindings were described,
mainly when sections were not properly decolorized [1].
On the other hand, it is well known how Congo red is
not specific for amyloid and how it can also stain
elastotic dermis, as well as hyaline deposits in colloid
milium and in lipid proteinosis [2].
It has been described how the stain shows a strong
affinity for elastin [3–5], as well as for collagen [6].
Some other hyaline deposits have sometimes shown
low affinity for Congo red, such as the ones in
laryngeal, aural and nasal polyps [7].
This non-specific staining is supported by some
laboratory studies, which demonstrate how Congo red
binds proteins with a structure other than beta-sheet
[8, 9]. On the other hand, the heat artifact due to
cautery, induces a hyaline appearance on the tissue,
which that is similar to amyloid in the routine
Hematoxylin–Eosin study [10, 11].
The claim of our study was to investigate the
behavior of this artifacted tissue, when studied with
some of the ancillary techniques that are commonly
used when diagnosing amyloidosis.
 Material and Methods
We selected some recent biopsies from our daily
practice. The only criterion for selection was that the
cautery artifact had to be easily seen at the surgical
border of the biopsy in the routine Hematoxylin–Eosin
study.
In all the cases, we performed Congo red staining as
described in Table 1. Congo red staining after treatment
with permanganate of potassium was also performed on

all the cases (Table 2). The slides were examined under
polarized light in order to examine the birefringence of
the tissue.
Table 1 – Congo red staining employed
Congo red ................................................ 20 to 30 minutes
Lithium carbonate .................................... 15 seconds
Ethylic alcohol 80% ................................. Clearance
Distilled water .......................................... Clearance
Tab water ................................................ Clearance
Hematoxylin ............................................. 30 seconds
Distilled water .......................................... Clearance
Dehydrate, clear and mount.

Table 2 – Congo
permanganate

red

staining

plus

potassium

Deparaffinate and hydrate.
Solution A* ....................................... 5 minutes
Oxalic acid ....................................... Clearance
Distilled water .................................. Clearance
Hematoxylin ..................................... 1 minute
Tab water ......................................... Clearance
Solution B** ...................................... 20 minutes
Solution C*** .................................... 55 minutes
Ethylic alcohol 100% ........................ Dehydrate
Xylene.
Mount.
*Solution A:
▪ 50% Potassium permanganate 5%;
▪ 50% Sulfuric acid 0.3%.
**Solution B:
▪ Ethylic alcohol 80% saturated with sodium chloride: 50 mL;
▪ Sodium hydroxide: 0.5 mL;
▪ (Prepare and filter just when needed: do not storage).
***Solution C:
▪ Solution B: 50 L;
▪ Congo red: 0.2 g.
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We also performed Thioflavin T staining in all the
cases (Table 3), and examined the slides under
ultraviolet light to detect immunofluorescence.
Table 3 – Tioflavin T staining
Tioflavin 1% ...................................... 3 minutes
Differentiate in acetic acid 1% .......... 10 minutes
Tab water .......................................... Clearance
Mount with glycerin.

Immunohistochemical stains for amyloid A
(DakoCytomation, monoclonal mouse anti-human
antibody, clone mc1, isotype IgG2a, kappa, code
M0759),
kappa
light
immunoglobulin
chain
(DakoCytomation, polyclonal rabbit anti-human
antibody, code A0191) and lambda immunoglobulin
chain (Polyclonal rabbit anti-human antibody, code
A0193) were also performed. We used the Autostainer
Link 48 (Dako). The biopsies were exposed to the
EnVisionTM FLEX Target Retrieval Solution (Dako) of
high pH (pH9) for 20 minutes at 950C.
 Results
Table 4 shows the details about the cases that were
studied. None of the patients had a clinical history of
amyloidosis.
The heat artifact was easily visible in all the biopsies
(as a requirement of selection) (Figure 1). This was
noted as hyaline coagulative necrosis, which has previously been described in many other reports [10, 11].
Red Congo staining was positive in all the cases at
the border with the heat artifact due to cautery

(Figure 2). Positivity was preserved even after treatment
with permanganate of potassium (Figure 3). When
examined under polarized light, the Congo red artifacted
area showed apple-green birefringence (Figure 4). Neither
Congo red positivity nor apple-green birefringence was
observed in the adjacent non-artifacted connective tissue.
Thioflavin T was negative in all the cases and no
areas of fluorescence were observed under ultraviolet
light.
Table 4 – Cases included in the study
Case
no.
1.

Tissue
Concha

2.

Breast

3.

5.
6.
7.
8.

Thyroid
Subcutaneous
tissue
Skin
Prostate gland
Small bowel
Stomach

9.

Breast

4.

10. Ovary

Diagnosis
Squamous cell
carcinoma
Ductal infiltrating
carcinoma
Medular carcinoma
Lipoma
Pilonidal cyst
Adenocarcinoma
Multiple adherences
Adenocarcinoma
Mucinous
adenocarcinoma
Theratoma

Gender

Age
[yrs.]

Male

75

Female

41

Female

69

Male

49

Male
Male
Female
Male

23
54
77
52

Female

69

Female

38

None of the biopsies showed any expression in any
areas of amyloid A protein, kappa or lambda chains in
the immunohistochemical study. Nevertheless, in two
cases (cases no. 3 and 6), lambda chain immunostaining
gave a reinforcement at the border which was easily
interpreted as an unspecific staining.

Figure 1 – Artifacted surgical border due to cautery showing the hyaline cracked tissue.

Figure 2 – Congo red staining showing how the
artifacted border is intensively stained.

Positive staining with Congo red in tissues with heat artifact due to cautery

205

Figure 3 – The stained area persisted even after
treatment with potassium permanganate.

Figure 4 – Image taken under polarized light after
staining with Congo red. Apple-green birefringence is
easily seen.

 Discussion
Although false positive staining with Congo red has
been described since long ago [1], that phenomenon
mainly referred to elastic tissue [3–5, 12]. Reports on
the affinity of Congo red by collagen are less common
[6]. Non-specific affinity for collagen by Congo red has
been described as “moderate” when Highman’s method
of staining was used, but “strong” with Freudenthal’s
method [7]. Some have shown how Phenol Congo red
staining can indicate a higher specificity than alkaline
Congo red staining [13]. This is mainly because during
the procedure, connective tissue components are
degraded at pH 3.0, therefore losing their reactivity to
Congo red dye [13]. This contrasts with our findings in
which only the tissue heat artifact due to cautery was
strongly positive, while the rest of the specimen,
including collagen, was obviously negative.
Therefore, the main conclusion of our work seems
obvious: try to avoid the surgical borders when evaluating
Congo red staining! Nevertheless, as obvious as it
sounds, this can be a source of diagnostic difficulty in
some cases. We have recently seen, for instance, a case
of abdominal subcutaneous tissue, which was sent under
the premise of “rule out amyloidosis”. The only Congo
red-positive deposit was seen on a few blood vessels
close to the surgical border (Figure 5, top). Many other
vessels were present in the biopsy, but they were
normal. Should these vessels be taken into account or
should they be dismissed? Our current work offers us a
possible solution to cases like this one. In all the cases
we studied, the false positivity was preserved even after
treatment with potassium permanganate. Amyloid light
chain (AL) protein is usually permanganate-resistant,

while amyloid associate (AA) protein is negative if
treated with permanganate. Therefore, at least, cases of
AA are easily distinguished from the cautery artifact.
Our cases stained, even after the use of permanganate
(Figure 5, bottom). Moreover, no positive results
were obtained in the immunohistochemical study for
amyloid A. In that respect, it is remarkable how none of
our cases was the source of a false negative with AA
antibody. Cautery artifact has been reported to alter the
immunogenicity of the tissues, but in the sense of loss
rather than false expression of markers [14].
Although immunohistochemistry is obviously a more
modern approach to amyloid deposits, many laboratories
still prefer Congo red as a first line tool in the diagnosis
of amyloidosis. Moreover, a complete battery of antibodies for “every” protein involved in amyloidosis is
not always available. For instance, most laboratories
work with anti-keratin, anti-P protein, anti-A amyloid or
anti-kappa or lambda immunoglobulin chains. Nevertheless, other antibodies such as anti-thyretrin are not so
common, and therefore, not used on a daily basis.
We have seen many times that the heat artifact has
even accomplished one of the most important criteria
for amyloidosis: apple-green birefringence when evaluated under polarized light. This phenomenon had already
been known for decades, and it had been attributed to
the binding of Congo red to a protein moiety [5]. This
property has been demonstrated in the connective tissue
and blood vessels of normal organs, although it was
mainly attributed to tissues fixed in substances other
than formalin [15], and others have even demonstrated
how the intensity of the amyloid birefringence is highly
dependent on the staining method employed [16].
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Figure 5 – Top: some positive blood vessels in the
subcutaneous tissue of this biopsy stained with
Congo red. Since the vessels were close to the
surgical border, some doubts about the reliability of
the stain were raised. Bottom: the staining persisted
after treatment of the tissue with potassium
permanganate.

Recently, a most modern definition of birefringence
shown by amyloid was given the following description:
“Congo red-stained amyloid, when examined between
crossed polarizer and analyzer, should more accurately
be said to show anomalous colours” [17] rather than
only apple-green, due to the physical properties of the
binding between the amyloid and the stain.
 Conclusions
Areas of the tissue with heat artifact due to cautery
should be avoided when evaluating Congo red staining
(with or without permanganate). If there is any doubt,
immunohistochemistry can always be used as a tool as
long as the antigenicity of the artifacted area is
preserved. Heat-artifacted areas do not seem to be a
source of false-positive immunostaining for AA or AL
amyloid.
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