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Late unilateral breast enlargement after the insertion of silicone gel
breast implants is a very rare phenomenon. The present study reports
five women who presented with this finding over the past 20 years.
Three of these patients presented with late unilateral hematomas,
which developed nine, 12 and 14 years, respectively, after initial
breast augmentation, in the absence of any known trauma. These
patients presented for treatment one, four and 12 months, respectively,
after their breast enlargements initially appeared. Two of these
patients had developed chronic expanding hematomas. Extensive
histopathological analyses of the capsules of all three patients provided
explanations for the etiologies and progressions of the findings in
these patients. In each of the three patients, the etiology of the
hematoma was consistent with erosion of a capsular artery. Numerous
large vessels were seen within the wall of the capsules. In each case,
there was a class IV capsular contracture, which could have increased
the friction of the intact implant against the capsule, and there was
both old (hemosiderin deposits) and new bleeding into the pocket
from the capsules. This supports the concept that numerous episodes
of bleeding had occurred in each case. Histopathology also demon-
strated the progression of the hematomas. After four weeks, only lig-
uefied hematoma was present, while after four months, there were
both liquefied hematoma and blood clotting. The hematoma on the
surface of the capsule was becoming organized peripherally, but not
centrally. After 12 months, the hematoma was becoming very well
organized compared with the hematoma at four months. In one of the
two remaining cases, late infection was the cause of the breast
enlargement. Histopathology of this capsule showed that the
involved capsule was six times as thick as the other side. It also
showed edema and infiltration by scattered mononuclear cells, poly-
morphonuclear cells, and irregular crenated and degenerating nuclei.
In the final patient, chronic inflammation appeared to be the cause of
the breast enlargement. The histopathology of this capsule was
unique. Its inner surface showed re-epithelialization and metaplasia
of the ductal epithelium to form stratified squamous epithelium with
early surface keratinization. These findings are consistent with syn-
ovial metaplasia. Several areas of the fibrous portion of the capsule
showed patchy loss of cellular staining with loss of nuclei, indicative
of necrosis. This produced a ‘washed out’ staining appearance. This
tissue was paucivascular and fibrotic, and showed areas of fibrinoid
necrosis, suggestive of mechanical abrasion and increased pressure.
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Hypertrophie mammaire unilatérale tardive
apres la pose d’une prothese de silicone :
examen histopathologique

Lhypertrophie mammaire unilatérale tardive apres la pose d’une prothese
de silicone est rarissime. Le présent rapport fait état de cinq femmes qui
ont connu ce type de complication au cours des 20 dernieres années. Chez
trois d’entre elles, il s’agissait d’hématomes unilatéraux tardifs, qui sont
apparus neuf, douze et quatorze ans, respectivement, aprés une plastie
d’augmentation mammaire, en I'absence de tout signe apparent de trau-
matisme. Ces femmes ont consulté un médecin un, quatre et douze mois
aprés I'apparition de P’hypertrophie et, dans deux cas, les hématomes
étaient en évolution chronique. Des examens histopathologiques appro-
fondis des capsules prélevées chez les trois femmes ont fourni des explica-
tions quant a I’étiologie et a 'évolution de I'’hypertrophie. Dans les trois
cas, une érosion d'une artére capsulaire a été mise en cause dans I'appari-
tion de I'hématome. De gros vaisseaux ont été observés en grand nombre
dans la paroi des capsules. Dans chacun des cas, il y avait une rétraction
capsulaire de classe 1V, susceptible d’accroitre le frottement de la prothese
intacte avec la capsule, ainsi que la présence de foyers hémorragiques
récents et anciens (dépdts d’hémosidérine) dans la poche des capsules, ce
qui laisse supposer la présence de nombreux épisodes de saignement.
Lexamen histopathologique a également 1évélé le caractere évolutif des
hématomes. Au bout de quatre semaines, il n’y avait que des hématomes
liquides, tandis que, au bout de quatre mois, il y avait présence de sang lig-
uide et de sang coagulé. Chématome, a la surface de la capsule, com-
mengait a s’organiser a la périphérie, mais pas au centre. Au bout de douze
mois, I'hématome commencgait a étre trés bien organisé par rapport a I'hé-
matome observé au bout de quatre mois. Dans un des deux autres cas, une
infection tardive a été a l'origine de I’hypertrophie mammaire. Cexamen
histopathologique de la capsule touchée a montré que celle-ci était six fois
plus épaisse que I'autre; en plus d’étre cedématiée, elle présentait de I'in-
filtration par des cellules mononuclées, des granulocytes et des noyaux
irréguliers, crénelés, en voie de dégénérescence, disséminés. Dans le tout
dernier cas, une inflammation chronique a semblé étre la cause de I'hy-
pertrophie mammaire. Pexamen histopathologique de la capsule a révélé
un aspect singulier : la surface interne présentait des signes de réépithéli-
sation et de métaplasie de I'épithélium canalaire, qui ont donné lieu a la
formation d’un épithélium pavimenteux stratifié, accompagnée d’une
kératinisation superficielle précoce. 1l s'agit la d’éléments évocateurs
d’une métaplasie synoviale. Plusieurs zones de la partie fibreuse de la cap-
sule ont montré une coloration cellulaire lacunaire, avec perte de noyaux
— indice révélateur de nécrose — ce qui a donné une coloration d’ap-
parence « délavée ». Le tissu était paucivasculaire et fibreux et montrait
des zones de nécrose fibrinoide, aspect évocateur d’'une abrasion
mécanique et d’'une augmentation de la pression.
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ate breast enlargement after the insertion of silicone gel

breast implants has been reported very infrequently in the
literature (1-8). The most common etiology of this finding
appears to be late hematoma. No data exist on the incidence
of hematoma in the late postoperative period. Most studies
are in the form of individual case reports. Other causes of late
breast enlargement are also uncommon, and include late
infection (9-16), chronic inflammation (17,18) and breast
lymphoma (19).

The present study reports on five patients who presented
with late unilateral breast enlargement after receiving silicone
gel breast implants. The senior author has performed breast
augmentation on over 3500 women. He has also explanted
over 1000 silicone gel implants, mainly from 1992 to 1996,
after the United States Food and Drug Administration- and
Health Canada-imposed moratorium (20). The five patients in
the present study are the only patients in his practice at the
Wellesley Hospital, Toronto, Ontario in the past 20 years who
have presented with late unilateral breast enlargement after
the insertion of silicone gel breast implants.

CASE PRESENTATIONS
Patient 1
A 37-year-old woman presented nine years after her original
breast augmentation; one month previously, she had experi-
enced a sudden doubling of the size of her right breast with a
very painful class IV capsular contracture (Figure 1).

She had originally undergone a bilateral submuscular breast
augmentation using 220 mL Surgitek silicone gel breast implants
(Medical Engineering Corporation, USA) nine years previously.
Approximately one year postoperatively, she developed a class
III contracture on the right side. At that time, she underwent a
right unilateral open capsulectomy with insertion of a new
220 mL Surgitek silicone gel implant. Subsequently, her breasts
remained soft (class I to II) for seven years. Approximately nine
years after her original breast augmentation, she suddenly devel-
oped a painful class IV contracture of the right breast, with a
doubling of its size (Figure 1).

At surgery, when the right capsule was opened, there was a
sudden gush of a watery, brown fluid. This had the appearance
of a liquefied hematoma. The implant was clinically intact.
Clinical examination of the inner surface of the capsule
showed what appeared to be ‘granulation tissue’. A capsulectomy
was performed.

Histopathology, using World Health Organization
(WHO) stain (hematoxylin, phloxin, saffron and alcian
green), showed that the capsule was lined by organizing
hematoma (Figure 2). The cavity was lined by layered throm-
bus, which became progressively organized into fibrovascular
granulation tissue toward the periphery of the capsule (Figure 2).
Within the wall of the capsule, there was evidence of more
recent bleeding (Figure 3). This suggested the presence of
recurrent and continuing capsular bleeding. Figure 2 shows
prominent engorged arteries. These are at risk of injury from
any sharp edge of the intact implant, particularly when asso-
ciated with a class IV contracture. Aerobic and anaerobic
bacterial cultures and fungal cultures were negative. The
patient made an uneventful postoperative recovery. Nine
months later, she elected to have her left implant removed.
She was subsequently free from any breast symptoms over a
three-year follow-up period.
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Figure 1) Patient 1: Appearance of patient nine years after breast aug-
mentation with silicone gel implants. One month previously, she had
experienced a sudden doubling of the size of her right breast and a very
painful class IV capsular contracture

Figure 2) Patient 1: World Health Organization stain of the capsule
surrounding the intact right implant. There was an extensive blood clot
on the surface of the capsule. Bright red areas represent recent
hematoma, and paler areas represent organizing hematoma. Within the
capsule, there were several large, engorged vessels. One of these may
have undergone erosion and bleeding, causing the development of
hematoma (original magnification x12.5)

Figure 3) Patient 1: World Health Organization stain showing that,
within the structure of the capsule, there were numerous areas of hem-
orrhage, indicating episodes of recurrent bleeding (original magnifica-
tion x50)
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Figure 4) Patient 2: Appearance of patient 14 years after augmenta-
tion with silicone gel implants. She had developed a hematoma in the left
breast four months earlier. The left breast had doubled in size compared
with the right side. The left breast had a class IV contracture; the right
had a class 11 contracture
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Figure 5) Patient 2: On opening the capsule, there was approximately
200 mL of a watery, brown fluid, as well as this blood clot

Patient 2

A 51-year-old woman presented 14 years after her original
breast augmentation with a four-month history of significant
enlargement of her left breast and a very painful class IV con-
tracture (Figure 4).

She had originally undergone a bilateral submuscular breast
augmentation 14 years previously. Surgitek silicone gel
implants had been inserted, with a total volume 180 mL.
Approximately four years after her augmentation, she presented
with a class III contracture on the left side. She underwent an
open capsulectomy at that time, with insertion of a new 180 mL
Surgitek implant. She remained symptom-free for the next
10 years. Then, 14 years after her original surgery, she presented
with her current major unilateral enlargement and capsular
contracture (Figure 4). Preoperatively, the patient requested
that both of her implants be removed and that they not be
replaced.

During exploration of the left breast, four months after her
breast enlargement, approximately 200 mL of a watery, brown
fluid was present. There was also a blood clot (Figure 5).
Histopathology showed numerous areas of recent and organiz-
ing hematoma in the capsule (Figure 6). At the margins of the
hematoma, there was organization into fibrovascular granula-
tion tissue. On the external aspect of this, there were clusters
of lymphocytes but no evidence of active inflammation (Figure 6).
Sections of the blood clot showed early organization with fib-
rin networks, indicative of recent hemorrhage superimposed
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Figure 6) Patient 2: World Health Organization stain showing a layer
of organizing hematoma on the inner surface of the capsule. This was
superimposed on organizing fibrovascular granulation tissue. The outer
capsule was composed of collagen with random orientation. On the other
aspect of the capsule, there were small aggregates of lymphocytes and
evidence of recent bleeding. Note the degree of organization of this
hematoma capsule. At four months, it was much more advanced than
the hematoma in patient 1 at one month (Figure 2) (original magnifi-
cation x12.5)

Figure 7) Patient 2: Hematoxylin and eosin staining of the capsule
showing organizing hematoma from the solid blood clot shown in
Figure 5. The fibrin lines that produced the darker areas indicate that
this is early organization, indicative of recent bleeding (original mag-
nification x12.5)

on the organizing wall of the hematoma (Figure 7). Aerobic
and anaerobic cultures showed coagulase-negative
Staphylococcus species in broth cultures only. This was not
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Figure 8) Patient 3: Appearance of a patient 12 years after breast aug-
mentation with silicone gel breast implants. She presented with a one-
year history of progressive doubling of the breast size and development
of a class IV capsular contracture. She had a class I result on the right
side

Figure 9) Patient 3: On opening the capsule, one year after the onset
of the hematoma, there was a large volume of turbid, brown fluid as
well as this blood clot

treated with antibiotics, because it likely represented an
insignificant colonizing organism. Fungal cultures were nega-
tive. She had an uneventful postoperative recovery and
remained symptom free over a three-year follow-up period.

Patient 3

A 51-year-old woman presented 12 years after her initial breast
augmentation with a one-year history of progressive doubling
of her left breast size and a painful class IV capsular contracture
on that side (Figure 8).

She had received Surgitek silicone gel breast implants
12 years previously. She had a bilateral class II result for
12 years before her current symptoms developed. She requested
bilateral removal of her implants.

During exploration of the pocket, a large volume of turbid,
brown fluid was identified, together with a solid blood clot
(Figure 9). Hematoxylin and eosin stain of the blood clot at
one year (Figure 10) showed much greater organization than
at four months (patient 2, Figure 7). The right implant was
ruptured; the left implant had a small pinhole. The capsule
on the right side was very thin. The capsule on the left side
was thickened, with an outer fibrous layer and an inner layer
of organizing fibrovascular hematoma (Figure 11).
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Figure 10) Patient 3: Hematoxylin and eosin stain of the hematoma
on the surface of the capsule. After one year, the hematoma was
becoming actively organized (compared with Figures 6 and 7). Very lit-
tle collagenous tissue had formed in this organizing thrombus (original
magnification x100)
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Figure 11) Patient 3: Hematoxylin and eosin stain of the capsule one
year after the onset of the hematoma, showing extensive areas of
chronic inflammation surrounding the areas of organizing hematoma
(original magnification x12.5)

Microscopically, the capsule showed evidence of an old hem-
orrhage (hemosiderin pigment) and a more recent organizing
blood clot (Figure 11). The degree of organization of the
hematoma at one year was much greater than that at four
months (patient 2, Figure 6). On the outer aspect of the cap-
sule in patient 3, there were areas of chronic inflammation that
were independent of the organization of the hemorrhage on
the inner aspect of the capsule (Figure 11). Aerobic and anaer-
obic bacterial and fungal cultures were negative. After explan-
tation, the patient remained symptom free over a three-year
follow-up period.

Patient 4

A 29-year-old woman presented nine years after her initial
breast augmentation with sudden, painful enlargement and
distortion of her right breast.

Nine years previously, she had received bilateral, submuscu-
lar 250 mL Surgitek silicone gel breast implants. Following her
surgery, she was lost to follow-up for six years. At six years, she
had an excellent outcome with good symmetry and a bilateral
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Figure 12) Patient 4: Appearance of patient six years after submuscu-
lar breast augmentation with silicone gel implants. The breasts are sym-
metrical with a bilateral class I result

Figure 13) Patient 4: Appearance of the same patient, nine years after
augmentation. The right breast had enlarged and become firmer and
tender (class I1I contracture)

class I result (Figure 12). At that point, she wanted to obtain
larger implants. However, she had other commitments that
prevented surgery at that time.

She was next seen three years later, nine years after her ini-
tial breast augmentation. The right breast had suddenly
enlarged significantly, and had become painful and tender
(Figure 13). A booking was made for the right breast to be
explored. However, she cancelled this booking because of other
commitments. She presented six months later with further
enlargement of her right breast and also with major distortion
of the breast (Figure 14). Her right breast implant had shifted
medially across the midline area. The breast had become more
tender and painful with a class IV contracture.

During exploration of her right breast, it was found that the
implant had ruptured. Clinically, there were extensive areas of
granulation tissue on the surface of the capsule. A capsulectomy
was performed. The left implant had also ruptured and was
removed. The left breast had a smaller area of granulation
material in the inferior aspect of the anterior capsule. This area
was excised and sent for biopsy and cultures. Both pockets were
thoroughly irrigated with bacitracin-saline solution. She was
then started on intravenous clindamycin.
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Figure 14) Patient 4: Appearance of the same patient 9.5 years after
augmentation. The right side has developed a class IV capsular con-
tracture, with shifting of the right implant across the midline

Figure 15) Patient 4: World Health Organization stain of the right
breast capsule (top), showing that it was approximately six times the
thickness of the left side (bottom) (original magnification x25)

Histopathology (WHO stain) showed that the right breast
capsule was six times as thick as the left side (Figure 15). The
right capsule showed a mixed sprinkling of mononuclear cells
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Figure 16) Patient 4: World Health Organization stain of the right
capsule showing edema and infiltration by scattered mononuclear cells,
polymorphonuclear cells, and irregular crenated and degenerating
nuclei. This inflammatory infiltrate is consistent with a low-grade infection
inwvolving the capsule and implant pocket (original magnification x250)

and polymorphonuclear cells, as well as cells with hyperchro-
matic crenated nuclei (Figure 16). This degree of cellular infil-
tration was highly suggestive of an infection in the breast
pocket. Aerobic cultures from the capsule of the right breast
demonstrated two strains of coagulase-negative Staphylococcus
species. Anaerobic cultures showed a light growth of Bacillus
species, which was resistant to penicillin, oxacillin, cefazolin
and trimethoprim sulfa. Fungal cultures were negative.

On further questioning, she admitted that she had been an
intravenous drug abuser for “a few years”. In retrospect, she may
have seeded her capsules from her intravenous drugs, either from
contaminated injection fluid or from the skin surface.

Patient 5

A 37-year-old Russian physician presented with a one-year his-
tory of progressive enlargement, firmness and tenderness of her
left breast, seven years after her initial breast augmentation
(Figure 17). The left breast had increased in size by approxi-
mately 30%. It had a class IV contracture.

She had originally undergone a bilateral subglandular breast
augmentation in Moscow, Russia, using an unknown type of
silicone gel implant. She had postoperative hematoma on the
left side, which was ultimately drained. She rapidly developed
bilateral class IV contractures. Four years after her original sur-
gery, she underwent an open capsulotomy and removal of her
implants in Berlin, Germany. No further information was
available concerning treatment of the capsules. Bilateral
Biocell gel implants (McGhan Medical Corporation, USA)
were inserted in the subglandular plane. Two years later, she
noticed progressive enlargement, firmness and tenderness of
the left breast. The right breast had a class II result, and its size
had not changed.

The left breast was explored. On opening the capsule,
approximately 100 mL of a straw-colored fluid was expelled
from the pocket under pressure. The capsular contracture had
resulted in very tenacious adherence of the Biocell implant to
her posterior capsule. When the Biocell implant was removed,
a large portion of the posterior capsule was avulsed with and
remained attached to the implant. A total capsulectomy was
then performed, and samples were sent for histopathology and
microbiology. Aerobic, anaerobic and fungal cultures showed
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Figure 17) Patient 5: Appearance of patient seven years after breast
augmentation with silicone gel implants and three years after replace-
ment with Biocell (McGhan Medical Corporation, USA) implants.
The left breast (class 1V) is approximately 30% larger than the right
side (class II)

no evidence of growth. A new, smooth-walled Mentor silicone
gel implant (Mentor Medical Systems Canada Inc) was inserted.
She made an uneventful recovery. The right breast remained
very soft and symmetrical with a class [ result over a subse-
quent three-year follow-up.

Histopathological analysis (hematoxylin and eosin stain)
showed that the capsule was a dense hyaline fibrous layer. The
inner surface was covered by stratified squamous epithelium,
showing early keratinization (Figure 18). This picture is consis-
tent with synovial metaplasia. There were areas of transition
from columnar epithelium to the stratified squamous epithelium,
suggesting re-epithelialization from breast ductal epithelium
(Figures 18 and 19). The squamous epithelium likely represented
metaplasia of the ductal columnar epithelium, probably from
the tissue reaction to interface activity between the capsule
and the implant. In addition to the chronic inflammation
within the capsule, there was evidence of hemosiderin pigment
consistent with old hemorrhage (Figure 20). Some areas of the
fibrous component of the capsule showed loss of nuclear defi-
nition in the collagen in a pattern that suggested necrosis
(Figure 19). The eosinophilia of the collagen was indicative of
fibrinoid necrosis. It seems possible that the pressure within
the pocket may have contributed to the compaction of the
capsular tissue and to the progression of the squamous meta-
plasia of the re-epithelialized inner surface of the capsule.

DISCUSSION

Late hematoma
In 1979, Georgiade et al (3) first reported late hematoma
around a breast implant. It developed 2.5 years after breast aug-
mentation with a saline-filled prosthesis containing 40 mg of
triamcinolone acetonide. At exploration, a medium-sized
(1.0 mm external diameter) capsular artery was found to be
eroded and actively bleeding. The authors suggested that the
large dose of corticosteroid was responsible for this erosion.

Over the years, other authors have sporadically reported
on late hematomas that had developed around various types
of breast implants. In 1992, Marques et al (4) reported a case
of a hematoma that developed three years after submuscular
augmentation with smooth silicone gel implants. In 1996,
Daw et al (5) reported on three patients who developed chronic
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Figure 18) Patient 5: Hematoxylin and eosin stain of the surface of
the left capsule showing a thickened layer of squamous epithelium with
early keratinization along the surface. This represents synovial meta-
plasia. Deep to this epithelial layer, there was a well-developed area of
hyalinizing fibrosis that had a paucity of cells (original magnification
x250)

Figure 19) Patient 5: Hematoxylin and eosin stain of the left capsule
showing patchy loss of cellular staining with loss of nuclei, indicative of
necrosis. This produced a ‘washed out’ staining appearance. This tissue
was paucivascular and fibrotic and the presence of fibrinoid necrosis of
the collagen was suggestive of mechanical abrasion and increased pres-
sure applied to the capsule from the pocket. This led to compression of
vasculature and an anoxic state (original magnification x100)

expanding hematomas six, seven and eight years, respectively,
after receiving smooth silicone gel implants (5). In all of the
patients, no specific evidence of erosion of a capsular artery
was found. However, erosion of a capsular artery was thought
to be the most likely cause of the hematomas.

In 1998, Wang et al (6) described two cases of late
hematoma, which appeared six months and three years after
breast reconstruction with polyurethane-covered silicone gel
implants. These investigators believed that these hematomas
were caused by the intense, highly vascular inflammatory
response that was induced by the polyurethane coating. Both
patients had undergone multiple capsulotomies and capsulec-
tomies before receiving their polyurethane implants.

In 2005, Mauro et al (7) reported on a patient who devel-
oped late bilateral hematomas six months and 11 months after
capsulectomy and secondary augmentation with textured sili-
cone gel implants. Breakdown of an eroded capsular artery was
also suspected; in this particular case, the authors suspected that
the erosion was caused by friction between the rough surface of
the textured prosthesis and the fibrous capsules. New capillary
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Figure 20) Patient 5: Hematoxylin and eosin stain of the left capsule,
showing small aggregates of chronic inflammatory cells with evidence of
hemosiderin-laden macrophages (original magnification x100)

TABLE 1
Data for three patients with late hematomas

Time of onset of
hematoma after breast

Duration of

Patient augmentation, years hematoma, months*
1 9

2 14

3 12 12

*The duration of the hematomas allowed an analysis of the progression of the
hematomas over time

ingrowth on the inner surface of the capsule supported the the-
ory that mechanical friction between the rough surface of the
implant and the highly vascular capsule may have resulted in
the hematomas. In 2005, Veiga et al (8) described a late
hematoma that developed one year after insertion of subglan-
dular, textured silicone gel implants. In this case, trauma was
implicated. The patient was an obstetrics and gynecology resi-
dent who developed sudden breast pain and swelling after
intense physical effort when assisting with a caesarean section
in an obese woman. The trauma may have increased the
mechanical friction between the rough, textured surface of the
prosthesis and the highly vascular capsule, which may have led
to the erosion and breakdown of a capsular artery.

After a review of the literature, the authors conclude that
late hematoma can result from actual erosion of small- to
medium-sized arteries in the breast capsule. This could develop
from various causes, including normal wear and tear from fric-
tion of the implant against the capsule. Capsular contracture
may be a factor in the development of such friction. Other pos-
sible causes include the force of capsular contracture against a
‘knuckle’ of an otherwise intact implant; friction between the
capsule and the rough surface of a textured implant; an
intense, highly vascular inflammatory response, particularly
with polyurethane-coated implants; or trauma, which would
increase existing friction between the implant and the capsule.

The histopathology of the present study provides an analy-
sis of the pathophysiology and progression of the findings in
the patients who developed late hematomas. Patients 1, 2 and 3
developed unilateral hematomas nine, 14 and 12 years, respec-
tively, after receiving silicone gel breast implants (Table 1).
These patients presented for treatment one month, four
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months and one year after their breast enlargements initially
appeared. There was no known trauma.

In the three patients with hematomas, the etiology of the
hematomas would be consistent with erosion of a capsular
artery. In each case, numerous large vessels were seen within
the wall of the capsules (Figures 2, 6 and 11). The friction of
the implants against the capsules could have eroded one of
these vessels. This friction would be increased if there was sig-
nificant capsular contracture. In addition, capsular contracture
could cause a ‘knuckle’ in the wall of an implant, producing a
‘sharp edge’, which in itself could lead to vessel erosion. In
these three patients, the implants were essentially intact, and
there was class IV capsular contracture.

In each of the three cases of hematomas, histopathological
examinations demonstrated the presence of both old (hemo-
siderin deposits) and new bleeding into the pockets from the
capsules (Figures 2, 6 and 11). This finding supports the con-
cept that numerous episodes of bleeding had occurred in each
of these three cases.

In patient 1, the hematoma had been present for only one
month. The pocket was filled with brown fluid, representing
liquefied hematoma. There was evidence of fresh bleeding
with early organization on the inner aspect of the capsule
(Figure 2). There was bright red blood and tan-coloured dis-
colouration, indicative of hemosiderin within the capsule.

In patient 2, the hematoma had been present for four
months. The pocket was filled with approximately 200 mL of a
watery, brown solution. However, clinically, there was also a
large, well-organized, solid blood clot (Figure 5). Examination
of the areas of hematoma on the surface of the capsule showed
that it was becoming organized peripherally but not centrally
(Figure 7). The organization of this hematoma at four months
was much more advanced than the hematoma in patient 1 at
one month (Figure 2).

In patient 3, the hematoma had been present for one year.
There were several areas of clinically well-organized hematoma
(Figure 10). An hematoxylin and eosin stain of the hematoma
on the surface of the capsule showed that it had become very
well organized (compared with that of patient 2 at four months
[Figure 6]). However, the collagen of the capsule was not
organized into the compacted circumferential layers in the wall
of the capsule (Figure 11).

In patients 2 and 3 of the current study, the increase in
breast size was out of proportion to the size of the hematoma
that was recovered. These two patients had their hematomas
for four months and 12 months, respectively. The hematoma
in these cases is regarded as a chronic expanding process. This
progression of hematoma is well known, and has been exten-
sively studied, particularly in the neurosurgical literature. The
pathophysiology of this process has been described as a
increase in osmotic pressure gradient, created by the break-
down of the hematoma and the resulting breakdown products
(21). Labadie and Glover (22) proposed the currently accepted
theory for the pathogenesis of expanding hematoma. They
regarded the expansion to be related to the progressive inflam-
matory reaction stimulated by breakdown of the extravasated
blood and to increased capillary permeability (23).

Labadie and Glover demonstrated that blood injected into
the subcutaneous tissue of rats formed an expanding mass if a
volume larger than 12 mL was used. The larger the amount of
blood injected, the greater was the likelihood of subsequent
progressive enlargement. The breakdown products of the
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hematoma induce a local inflammatory reaction, which
increases the osmotic pressure gradient. The breakdown
products also activate vasoactive substances that induce the
formation of a delineating capsule surrounding the hematoma.
Together, these features of local inflammatory reaction con-
tribute to the progressive growth of the hematoma. In addi-
tion, they may stimulate neoangiogenesis within the capsule,
increasing the risk of injury to blood vessels and the extravasa-
tion of blood into the pocket. Continued and new bleeding,
and consequent inflammation, may also make capsular blood
vessels more susceptible to injury. This creates a cycle of tissue
damage, bleeding and inflammatory response that leads to
chronic progressive enlargement. Histopathologically, there is
a peripheral wall that progresses to become dense collagenous
tissue (Figures 3 and 19).

Late infection

Infection after breast augmentation is uncommon. It is usually
classified as early (within four weeks of augmentation) or late
(from the second month onwards). The incidence of early
infection after breast augmentation is thought to be 0.5% to
2% (9). Late infection is very rare and cases are largely anec-
dotal. Based on one long-term evaluation of over 50,000
implantations, the incidence of late implant infections was
estimated to be approximately one in 10,000 (9).

Early infections are usually caused by endogenous bacteria,
either from the skin or from the milk ducts. The responsible
organisms include Staphylococcus aureus, Propionibacterium
acnes, Staphylococcus epidermidis, Pseudomonas aeruginosa, beta-
hemolytic Streptococcus species, Escherichia coli, other enteric
bacteria and atypical mycobacteria. By contrast, the pathogen-
esis of late infections usually involves a bacteremia. This can
be from a distant antecedent infection, or from an invasive
medical or dental procedure, with seeding of the implant cap-
sule or periprosthetic space. Late infections with S aureus and
Clostridium perfringens have been reported, manifesting a few
days after extensive dental treatment (9,10). A late implant
infection with Enterococcus avium (previously known as group
Q streptococcus), has been described in a healthy woman
16 years after breast augmentation (11). It was speculated that
this infection may have spread along milk ducts, or via
hematogenous spread from an asymptomatic infection focus
elsewhere, or from sexual intercourse. A late infection has also
been reported with Klebsiella pneumoniae, developing after
eight months (12). Fungal colonization with Candida albicans
and Aspergillus niger has been documented in several late
periprosthetic infections (13).

Late capsular contracture, presumably secondary to bac-
teremia with implant seeding, has also been postulated to
occur in association with dental procedures (14), upper respi-
ratory tract infections and urinary tract infections (15).
Infection from other sources is also possible. The incidence of
a transient bacteremia ranges from 5% for colonoscopy to 88%
for periodontal surgery (16). This bacteremia could potentially
result in a periprosthetic infection.

Capsular colonization is not necessarily related to the
development of a periprosthetic infection. Netscher et al
(24) identified a positive culture rate of 23.5% from capsules
of 389 silicone gel implants, which were explanted from
patients from 1992 to 1994, after the moratorium. In this
study, there was a statistically significant correlation between
positive capsule cultures and symptomatic capsular contrac-
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tures. During the same time period (1992 to 1995), Peters et al
(25) analyzed capsular colonization in 100 consecutive patients
who requested explantation. Forty-two per cent of the capsules
demonstrated colonization by bacteria. The most common
organisms cultured from colonization capsules were S epidermidis
(28%), other staphylococci (7%), diphtheroids (6%), strepto-
cocci (3%), proprionobacter (3%) and Enterococcus species
(1%). In this study, capsular contracture (class III and IV) was
not related to capsular colonization (P>0.05). Other studies
have shown that patients with systemic symptoms and capsular
colonization can undergo a resolution of their symptoms after
implant removal without capsulectomy (26).

In the current study, a 29-year-old woman (patient 4) pre-
sented nine years after a breast augmentation with a peripros-
thetic infection in her right breast, which rapidly progressed to
a class IV capsular contracture with displacement of the
implant across the midline (Figures 13 and 14, Table 2).
Aerobic capsule cultures demonstrated two strains of coagulase-
negative Staphylococcus species. Anaerobic cultures showed a
light growth of Bacillus species, which was resistant to many
antibiotics. That this patient had exposed herself to potential
bacteremias through intravenous drug abuse strongly suggests
that she may well have seeded her capsule from the hematoge-
nous route. Bacteremia could have resulted from contaminated
injected material or from endogenous staphylococci from the
skin surface at the injection site.

Chronic inflammation

Patient 5 presented with a one-year history of progressive
enlargement, firmness and tenderness of the left breast, seven
years after her initial breast augmentation (Figure 17, Table 2).
She had originally undergone a bilateral subglandular breast
augmentation with smooth silicone gel breast implants, seven
years earlier in Moscow. She developed a hematoma on the
left side, which was drained. She subsequently developed a
left unilateral class IV capsular contracture. Four years after
her original surgery, she underwent a bilateral open cap-
sulectomy and insertion of bilateral subglandular Biocell sil-
icone gel implants. Two years later, she noticed progressive
enlargement, firmness and tenderness of the left breast
(Figure 17).

During exploration of the left breast, approximately 100 mL
of a straw-coloured fluid was expelled from the pocket under
pressure. Intracapsular fluid, which is frequently seen on radio-
logical assessment, has been shown to be more common with
textured surface implants, such as the current Biocell implants
(27). This fluid may result from friction of the textured
implant surface against the capsule.

The McGhan Medical Corporation developed Biocell tex-
tured implants in the late 1980s. The Biocell surface is an
aggressive, open-pore, textured surface, created with a lost-salt
technique (28). The elastomeric shell is placed on a bed of
finely graded salt, and light pressure is applied to increase the
depth of the depressions. A mirror image of the salt surface is
impregnated onto the elastomeric surface.

Usually, tissue ingrowth into the surface of a Biocell
implant is minimal. However, if there is significant capsular
contracture (as in patient 5), then tissue ingrowth is increased.
In patient 5, the posterior breast capsule was very tenaciously
adherent to the implant surface. This resulted in avulsion of
much of the posterior capsule when the implant was removed.
The aggressive class IV capsular contracture in patient 5 may
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TABLE 2

Data for the two patients with late infection and chronic
inflammation

Time of onset of breast
enlargement after breast

Patient augmentation, years Etiology
4 9 Infection
5 7 Chronic inflammation

have resulted if her original capsule was not removed before
the Biocell implants were inserted.

Patient 5 is of particular interest because of the re-epithe-
lialization on the inner aspect of the capsule. This is well
demonstrated in the hematoxylin and eosin-stained sections
(Figures 18 and 19). The presence of early surface kera-
tinization (Figure 18) is regarded as a metaplastic response to
re-epithelialization. The re-epithelialization is regarded as
ingrowth of ductal epithelium along the inner surface of the
capsule, undergoing metaplasia to squamous epithelium. This
may be a function of the length of duration of the implant in
situ, the class IV contracture of the capsule, the history of pre-
viously recognized and drained hematoma, her history of pre-
vious capsulotomy and removal of original implants, and
subsequent reimplantation of new implants. Re-epithelialization
along the inner surface of the capsule has been recognized in
both textured and smooth-walled gel and saline implants (17).
Ko et al (18) have suggested that the development of squa-
mous metaplasia is a dynamic process, and is an ongoing transi-
tional histological finding in the development and progression
of the implant-capsule interface. It has also been suggested that
in the early development of the capsule, there is a ‘worn away’
form that occurs over time as a result of friction and shearing
forces caused by implant movement relative to the enveloping
capsule.

The current study sheds further light onto the etiology and
pathogenesis of late unilateral breast enlargement after inser-
tion of silicone gel breast implants. The extensive histopatho-
logical findings in these five patients demonstrate significant
and unique findings concerning the etiology and pathogenesis
of enlargement caused by late hematoma, infection and
inflammation.
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