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The breast is a relatively clean organ comprised of skin, fatty tissue, and
mammary glandular elements that have no direct connection to any major
body cavity or visceral structures. In the absence of concurrent major recon-
struction, breast surgery generally is not accompanied by large-scale fluid
shifts, infectious complications, or hemorrhage. Thus, most breast opera-
tions are categorized as low-morbidity procedures. Because the breast is
the site of the most common cancer afflicting American women, however,
a variety of complications can occur in association with diagnostic and mul-
tidisciplinary management procedures. Some of these complications are
related to the breast itself, and others are associated with axillary staging
procedures. This article first addresses some general, nonspecific complica-
tions (wound infections, seroma formation, hematoma). It then discusses
complications that are specific to particular breast-related procedures: lump-
ectomy (including both diagnostic open biopsy and breast-conservation
therapy for cancer), mastectomy; axillary lymph node dissection (ALND),
lymphatic mapping/sentinel lymph node biopsy, and reconstruction. Com-
plications related to reconstruction are discussed in a separate article in
this issue.

General wound complications related to breast and axillary surgery

Because it is a peripheral soft tissue organ, many wound complications
related to breast procedures are relatively minor and frequently are man-
aged on an outpatient basis. It therefore is difficult to establish accurate in-
cidence rates for these events. As discussed later, however, reported studies
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document that surgical morbidity from breast and/or axillary wound infec-
tions, seromas, and hematomas occur in up to 30% of cases. Fewer than
half of these cases require a prolongation of hospital stay or a readmission
for inpatient care. A fourth complication, chronic incisional pain, also can
occur in conjunction with various surgical breast procedures.

Rare complications that also can occur in conjunction with various breast
procedures are not discussed in depth here. For example, pneumothorax can
be related to either inadvertent pleural puncture during wire localization or to
inadvertently deep dissection within an intercostal space. Also, patients can
develop brachial plexopathy related to stretch injury caused by malposition-
ing in the operating room [1]. The American Society of Anesthesiology recom-
mends upper extremity positioning such that maximal angle at the shoulder is
90°, with neutral forearm position, and use of padded armboards [2].

Mondor’s disease, or thrombosis of the thoracoepigastric vein, can occur
spontaneously, after any breast procedure such as lumpectomy, or even af-
ter percutaneous needle biopsy [3—7]. Although Mondor’s disease is not an
established risk factor in breast cancer, there are case reports of patients pre-
senting with this condition at the time of the breast cancer diagnosis [4]. This
condition typically presents as a palpable, sometimes tender cord running
vertically from the mid-lower hemisphere of the breast toward the abdomi-
nal wall. It usually is self-limited; resolution can be expedited by soft tissue
massage.

Wound infections

Rates of postoperative infections in breast and axillary incisions have
ranged from less than 1% of cases to nearly 20%, as shown in Table 1
[8-21]. A meta-analysis by Platt and colleagues [22] from 1993 analyzed
data from 2587 surgical breast procedures and found an overall wound in-
fection rate of 3.8% of cases. Staphylococcal organisms introduced by
means of skin flora usually are implicated in these infections [8,17]. Obesity,
older age, and diabetes mellitus have been some of the most consistently
identified risk factors for breast wound sepsis. Several investigators have
found that patients undergoing definitive surgery for cancer had a lower
risk for wound infection if the diagnosis had been established by prior nee-
dle biopsy rather than by an open surgical biopsy [11,14,21], but one inves-
tigator found the opposite effect [20]. Nicotine and other components of
cigarettes have well-known adverse effects on small vessels of the skin, re-
sulting in a nearly fourfold increase in the risk of wound infection after
breast surgery [19]. As demonstrated by the various studies summarized in
Table 1, there is no consistent correlation between the risk of wound infec-
tion and mastectomy versus lumpectomy as definitive breast cancer surgery.

Use of preoperative antibiotic coverage to minimize infection rates has
been evaluated in multiple retrospective as trials and in prospective, ran-
domized, controlled trials. These studies have yielded disparate results;
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many have shown that a single dose of a preoperative antibiotic (usually
a cephalosporin, administered approximately 30 minutes preoperatively) ef-
fectively reduces wound infection rates by 40% or more [8,13,21,22], and the
meta-analysis by Platt and colleagues [22] revealed that antibiotic prophy-
laxis reduced wound infection rates by 38%, despite the selection bias of an-
tibiotics being used predominantly in higher-risk cases. Furthermore, the
lowest reported rates of breast wound infections occurred in a phase 111
study [16] of a long-acting versus a short-acting cephalosporin, revealing
greater risk reduction with the former (0.45% versus 0.91%). In contrast,
Wagman and colleagues [10] found no effect of perioperative cephalosporin
in a placebo-controlled, phase III trial involving 118 patients who had breast
cancer (5% versus 8%), however, in the antibiotic arm the infections were
delayed in onset (17.7 days versus 9.6 days). Gupta and colleagues [17] re-
ported similar rates of wound infection in a phase III study of prophylactic
amoxicillin/clavulanic acid (17.7%) versus placebo (18.8%) and concluded
that perioperative antibiotics are unnecessary in elective breast surgery. Be-
cause of these disparate results, and in an attempt to minimize cost, many
clinicians limit antibiotic prophylaxis to high-risk patients and to cases in-
volving foreign bodies, such as wire localization biopsies. Despite this com-
mon practice, it should be noted that wire localization procedures have not
been identified specifically as a risk factor for wound infection [21].

Mild incisional cellulitis can be treated with oral antibiotics, but nonres-
ponding or extensive soft tissue infection requires intravenous therapy. A
minority of breast wound infections progress into a fully developed abscess.
The pointing, fluctuant, and exquisitely tender mass of a breast abscess usu-
ally becomes apparent 1 to 2 weeks postoperatively and occurs at a lumpec-
tomy, mastectomy, or axillary incision site. When there is uncertainty
regarding the diagnosis (as may be the case with deep-seated abscesses after
lumpectomy), ultrasound imaging is helpful occasionally, but the complex
mass that is visualized can appear identical to a consolidating seroma or he-
matoma. Aspiration also may confirm the diagnosis, but sampling error can
mislead the clinician. Definitive management of an abscess requires incision
and drainage; curative aspiration of purulent material is rarely successful,
and the abscess generally reaccumulates. Usually the incision and drainage
can be accomplished by reopening the original surgical wound; the resulting
cavity must be left open to heal by secondary intention. When recurrent
cancer is a concern, biopsy of the abscess cavity wall is prudent.

Chronic recurrent periareolar abscess formation (also known as ““Zuska’s
disease”) does not necessarily develop as a consequence of primary breast
surgical procedures, but this condition is notable for its high risk of compli-
cations after attempts at surgical treatment. This condition has been associ-
ated with cigarette smoking, and afflicted patients also should be checked
for tuberculosis as a factor in their recurrent superficial soft tissue infections.
Resection of the involved subareolar ductal system(s) frequently is offered in
an attempt to break the cycle of repeated abscesses, but these procedures



Table 1

Selected studies evaluating wound infection rates following breast surgery

Number Type of procedures Wound infection Study findings/risk factors
Study of cases analyzed Type of study rate (%) for infection
Platt et al [8] 1990 606 Lumpectomy, Phase I1I study of 9.4 Preoperative antibiotic coverage reduced
mastectomy, preoperative wound infection rate (6.6% versus
ALND, reduction antibiotics 12.2%)
mammoplasty
Hoefer et al [9] 1990 101 Mastectomy Retrospective 8.9 Risk factor: cautery
review
Wagman et al [10] 1990 118 Mastectomy Phase III study of 6.8 Preoperative antibiotics had no effect on
preoperative wound infection rates (5% versus 8%)
antibiotics
Chen et al [11] 1991 — Mastectomy, Retrospective 2.6-11.1 Risk factors: older age; surgery performed
lumpectomy review in 1970s versus 1980s; prior open
diagnostic biopsy versus ingle-stage
surgery
Vinton et al [12] 1991 560 Mastectomy, Retrospective 15 (mastectomy) Risk factors: older age; mastectomy
lumpectomy, review 13 (lumpectomy) versus lumpectomy; tobacco smoking;
ALND obesity
Platt et al [13] 1992 1981 Mastectomy, Retrospective 34 Preoperative antibiotic coverage reduced
lumpectomy, review wound infection rate (odds ratio 0.59;
ALND, reduction 95% confidence interval 0.35-0.99)
mammoplasty
Lipshy et al [14] 1996 289 Mastectomy Retrospective 5.3 Risk factor: prior open diagnostic biopsy
review versus diagnostic needle biopsy (6.9%

versus 1.6%)

1494
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Bertin et al [15] 1998

Thomas et al [16] 1999

Gupta et al [17] 2000

Nieto et al [18] 2002

Sorensen et al [19] 2002

Witt et al [20] 2003

Tran et al [21] 2003

18 cases

37 controls

1766

334

107

425

326

320

Mastectomy,
lumpectomy

Mastectomy,
lumpectomy,
ALND

Mastectomy,
lumpectomy,
ALND

Mastectomy,
lumpectomy,
ALND

Mastectomy,
lumpectomy,
ALND

Mastectomy,
lumpectomy,
ALND

Mastectomy,
lumpectomy

Case control

Phase III study of
preoperative
antibiotics

Phase III study of
preoperative
antibiotics

Prospective
observational
study

Retrospective
review

Prospective
observational
study

Retrospective
review

NA

0.6

18.3

7 (mastectomy)

17 (lumpectomy)

10.5

6.1

Preoperative antibiotic coverage reduced
wound infection rate

Risk factors: obesity; older age

Short-acting versus long-acting
preoperative cephalosporin (0.91%
versus 0.45%)

Preoperative antibiotics had no effect on
wound infection rates (17.7% versus
18.8%)

Risk factors: lumpectomy versus
mastectomy; older age; obesity

Risk factors: tobacco smoking; diabetes
mellitus; obesity; heavy ethanol
consumption

Risk factors: older age; obesity; diabetes
mellitus; prior diagnostic core needle
biopsy versus open diagnostic biopsy

Preoperative antibiotic coverage reduced
wound infection rate

Risk factors: prior open diagnostic biopsy
versus diagnostic needle biopsy (11.1%
versus 9.7%)

Abbreviations: ALND, axillary lymph node dissection; NA, not applicable.
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often are themselves complicated by wound infections and by chronically
draining sinus tracts. Some patients suffering from the most refractory cases
have resorted to complete resection of the entire nipple-areolar complex, but
this strategy certainly should be reserved as a last-ditch effort.

Seroma

The rich lymphatic drainage of the breast from intramammary lym-
phatics to the axillary, supraclavicular, and internal mammary nodal basins
establishes the tendency for seroma formation within any closed space that
results from breast surgery. It has been proposed that the low fibrinogen
levels and net fibrinolytic activity within lymphatic fluid collections account
for seroma formation [23,24]. The closed spaces of lumpectomy cavities, ax-
illary wounds, and the anterior chest wall cavity left under mastectomy skin
flaps can all harbor seroma. After a lumpectomy, this seroma is advanta-
geous to the patient, because it usually preserves the normal breast contour
even after a large-volume resection, eventually being replaced by scar forma-
tion as the cavity consolidates. Occasionally the lumpectomy seroma is
overly exuberant. If the patient experiences discomfort from a bulging fluid
collection, simple aspiration of the excess is adequate management.

Seroma formation under the skin flaps of axillary or mastectomy wounds
impairs the healing process; therefore drains are usually left in place to evac-
uate postoperative fluid collections. Most breast cancer surgery is performed
in the outpatient setting, and patients must be instructed about proper
drainage catheter care. After 1 to 3 weeks, the skin flaps heal and adhere
to the chest wall, as evidenced by diminished drain output. Seroma collec-
tions that develop after drain removal can be managed by percutaneous as-
piration. Aspiration usually is well tolerated because the mastectomy and
axillary incisions tend to be insensate; these procedures can be repeated as
frequently as necessary to ensure that the skin flaps are densely adherent
to the chest wall. Seroma aspiration is necessary in 10% to 80% of
ALND and mastectomy cases, according to reported series and as reviewed
in detail by Pogson and colleagues [23]. Axillary surgery limited to the sen-
tinel lymph node biopsy seems to confer a lower risk of seroma formation,
but this procedure usually is performed without drain insertion; therefore
occasional patients require subsequent seroma aspiration [25].

Several investigators have studied strategies that might minimize seroma
formation to decrease the time that drainage catheters are needed or to ob-
viate their need altogether. Talbot and Magarey [26] subjected 90 consecu-
tive patients who had breast cancer undergoing ALND to (1) conventional,
prolonged closed-suction drainage; (2) 2-day short-term drainage; or (3) no
drainage. There were no differences in the rates of infectious wound compli-
cations in the three groups, and at a minimum follow-up of 1 year there were
no differences in lymphedema risk. In group 1, the drain was removed at
a median of nearly 10 days, with 73% of cases requiring subsequent seroma
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aspiration. As expected, the short-term and no-drain groups required more
frequent seroma aspirations (86% and 97%, respectively). The mean dura-
tion of suction drainage and/or aspiration drainages was similar for all three
groups (25-27 days). In all groups fluid accumulation had mostly resolved
by 4 weeks, but in each group there were a few patients (approximately
16%) who had prolonged drainage lasting an additional 2 to 3 weeks. Sim-
ilar findings have been reported in older studies [27,28]. The number of
drains used and the use of low- versus high-vacuum suction do not seem
to affect the results achieved with drainage catheters.

Shoulder immobilization with slings or special wraps to decrease seroma
formation also has been proposed, but this approach carries the risk of pos-
sible long-term range-of-motion limitations and even may increase the risk
of lymphedema [29]. A reasonable alternative approach endorsed by most
breast surgeons is to recommend that patients simply limit motion at the
shoulder to abduction no greater than 90° and that active upper extremity
physiotherapy be delayed until drainage catheters have been removed.
This strategy seems to decrease seroma formation more effectively than
early physiotherapy programs and does not adversely affect long-term
range-of-motion results [30,31].

The tissue effects of electrocautery are a well-recognized risk factor for
increased seroma formation [23]. Two prospective clinical trials have ran-
domly assigned patients who have breast cancer to undergo surgery with
electrocautery or with scalpel only and have confirmed the lower incidence
of seroma formation with the latter technique [32,33]. Few surgeons, how-
ever, are willing to relinquish the convenience and improved hemostasis
associated with electrocautery dissection.

In a study from France, Classe and colleagues [34] reported successful use
of axillary padding in lieu of catheter drains in 207 patients who had breast
cancer undergoing ALND and found seroma formation in 22.2%. In con-
trast, the Memorial Sloan Kettering Cancer Center conducted a clinical trial
that randomly assigned 135 patients undergoing ALND to receive a com-
pression dressing for 4 days or standard wound coverage (all patients had
conventional catheter drainage as well). This study found no benefit from
compression dressings [35]. Both arms of this study had similar total drain-
age volumes and drainage catheter durations, and the compression arm fur-
thermore had increased need for seroma aspiration (mean number of
aspirations, 2.9 in the compression arm compared with 1.8 in the standard
dressing arm; P < .01).

Chemical maneuvers to decrease seroma formation also have been in-
vestigated. Application of tetracycline as a sclerosing agent has been inef-
fective [36]. Bovine thrombin similarly has been unsuccessful in this regard
[37]. Use of fibrin glues, patches, and/or sealants has seemed promising,
but clinical studies in humans have yielded inconsistent results, and it
therefore is unclear whether the added expense of these agents is justified
[23,38-40].



438 VITUG & NEWMAN

Hematoma

Widespread use of electrocautery has reduced the incidence of hematoma
formation in breast surgery dramatically, but this complication continues to
occur in 2% to 10% of cases. Some cases of low-volume hematoma carry
low morbidity, leaving the patient with a more extensive ecchymosis as
the adjacent soft tissues absorb the hematoma. At the other end of the spec-
trum, large hematomas can be quite painful because of rapid expansion
through the closed wound space and should be evacuated surgically, with
aggressive wound irrigation and reclosure to optimize cosmesis.

An ongoing debate in breast surgery has revolved around defining the op-
timal technique for closure of a lumpectomy cavity. Leaving the cavity open
to fill with seroma and closing the overlying skin with deep dermal sutures
and a final subcuticular layer has become a conventional wound-closure
strategy. This method allows prompt restoration of the breast contour
through rapid filling of the lumpectomy cavity by seroma, but it requires
meticulous attention to ensuring hemostasis along the lumpectomy cavity
walls before skin closure. Many others therefore advocate the use of absorb-
able sutures to reapproximate the deeper lumpectomy tissues, and this ma-
neuver has been reported to decrease the risk of hematoma complications
[41]. The disadvantage of using the deep cavity sutures is the potential for
compromising the final cosmetic result by altering the underlying breast
architecture and causing focal areas of retraction.

The use of a support brassiere in the postoperative period will bolster ef-
forts to sustain hemostasis and relieves tension on the skin closure imposed
by the weight of the breast. This precaution can be especially important with
large, pendulous breasts, in which blood vessels running alongside the cavity
can be avulsed mechanically if the heavy breast is allowed to suspend unsup-
ported. The patient should be encouraged to wear the support brassiere day
and night for several days.

The use of particular medications in the perioperative period also has been
implicated in the risk for bleeding complications. Aspirin-containing products
and nonsteroidal anti-inflammatory drugs such as ibuprofen have well-known
antiplatelet activity, and these medications should be avoided for 1 to 2 weeks
before surgery (the lifespan of the affected platelets). Ketorolac has become
a popular intravenous substitute for opiate analgesics during the postopera-
tive period, but this agent also is characterized as a nonsteroidal anti-inflam-
matory drug and should be used cautiously to minimize risk of hematoma [42].
In addition, several widely used over-the-counter medications and herbal sup-
plements have become recognized recently for contributing to a bleeding
diathesis; these include ginseng, ginkgo biloba, and garlic [43,44].

Chronic pain

A minority of breast cancer patients experience chronic incisional pain
that can be quite debilitating and refractory to standard analgesics, lasting
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for several months to years postoperatively. The exact etiology of this syn-
drome remains obscure, although it commonly is assumed to be neuropathic
in nature. Frequently described as a “‘burning,” “constricting,” or “lancing-
type” ache, it is reported among mastectomy as well as lumpectomy patients
and often is accompanied by ipsilateral upper extremity symptoms. The in-
cidence of this chronic pain syndrome is uncertain, but it has been reported
to afflict 20% to 30% of patients who are specifically queried [45-49]. Sur-
prisingly, it has been reported to occur more commonly after lumpectomy
than after mastectomy [45,49]. Risk factors identified with this syndrome in-
clude younger age, larger tumors, radiation therapy, chemotherapy, depres-
sion, and poor coping mechanisms [46,49,50]. The occasionally intractable
quality of this syndrome causes substantial frustration for both patients
and surgeons. Fortunately, recent successful management has been reported
with use of serotonin uptake inhibitors, such as the antidepressants amitrip-
tyline and venlafaxine [51].

Venous thromboembolism

Cancer is an established risk factor for hypercoagulable states [52,53] and
therefore is a risk factor for postoperative venous thromboembolic (VTE)
complications. Breast surgical procedures (in the absence of immediate
reconstruction) tend not to be prolonged cases, however, and many are
performed on an ambulatory, outpatient basis. Therefore the usefulness of
routinely prescribing systemic VTE prophylaxis for patients who have
breast cancer (as has been advocated for patients undergoing surgery for
other types of cancer) and who lack some other predisposition for VTE
has been questioned. Furthermore, the risk of wound hematoma after breast
and/or axillary surgery can be tripled by the practice of systemic anti-VTE
prophylaxis [54]. Andtbacka and colleagues [55] studied this issue in 3898
patients undergoing surgery for breast cancer at the University of Texas
M.D. Anderson Cancer Center (with anti-VTE management consisting of
early ambulation and compression stockings only) and reported a VTE
rate of 0.16%, detected at a median time of 2 weeks after surgery. The
authors concluded that the risk of VTE after breast surgery is sufficiently
low that systemic VTE prophylaxis is not indicated.

Complications specific to mastectomy procedures
Incisional dog-ears

Heavyset patients who have thick axillary fat pads are especially prone to
being left with triangular or cone-shaped flaps of redundant skin and fatty
tissue along the lateral aspect of the mastectomy incision, commonly known
as “‘dog-ears.” Frequently the incisional dog-ear is not readily apparent
while the patient is lying supine on the operating room table, but when
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she sits or stands upright postoperatively, these unsightly protrusions of ax-
illary fat become obvious. Because they are irritating to the ipsilateral upper
extremity, these flaps create significant discomfort for the patient. Similar to
the inframammary fold before mastectomy, these dog-ears sometimes can be
sites for recurrent candidal/yeast infections.

Numerous surgical approaches have been recommended to prevent or
eliminate the dog-ear problem. One option is to bring the redundant axillary
tissue forward and create a “T” or ““Y”” configuration at the lateral aspect of
the transverse mastectomy incision [56]. Alternatively, the redundant axil-
lary skin and fatty tissue can be resected either by elongating the standard
elliptical mastectomy wound or by using a broad tear-drop incision, with
the point of the tear-drop oriented medially [57,58].

Complications specific to lumpectomy procedures

Breast fibrosis, breast lymphedema, and chronic/recurrent breast
cellulitis

The presence of long-term adverse sequelae related to breast-conserva-
tion therapy for cancer is being acknowledged and reported increasingly
[59,60]. These complications are secondary to the combined tissue effects
of surgery and radiation therapy. The European Organization for Research
and Treatment and the Radiation Therapy Oncology Group have proposed
that late effects of breast-conservation therapy (including breast edema, fi-
brosis, and atrophy/retraction) be graded according to the Late Effects of
Normal Tissue-Subjective, Objective, Management, and Analytic (LENT-
SOMA) scales [61]. The LENT-SOMA system stratifies breast symptoms
on the basis of pain magnitude as reported by the patient, measurable
differences in breast appearance, need for intervention to control pain
and/or lymphedema, and presence of image-documented breast sequelae
(eg, photographs, mammography, CT/MRI, and other studies).

Using the LENT-SOMA four-point grading system, Fehlauer and col-
leagues [60] reported grade 3 to grade 4 toxicity in 4% to 18% of patients
who had breast cancer treated between 1983 and 1984 (radiation therapy
fractionation schedule, 2.5 Gy four times per week to 60 Gy; median fol-
low-up duration, 171 months), and these rates declined to 2% or less for pa-
tients treated in 1994 and 1995 (radiation therapy fractionation schedule,
2.0 Gy five times per week to 55 Gy; median follow-up duration, 75 months).
These findings suggest that extent of side effects is a function of both follow-
up duration and radiation delivery technique. Similarly, Meric and col-
leagues [59] reported chronic breast symptoms in 9.9% of patients who
had breast cancer treated by lumpectomy and radiation from 1990 to
1992 and followed for at least 1 year after treatment.

Recurrent episodes of breast cellulitis occurring several months to years
after lumpectomy and/or breast radiation therapy is reported to afflict fewer
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than 5% of patients, but this unusual and delayed complication causes sig-
nificant concern because of the need to rule out an inflammatory breast can-
cer recurrence [62—66]. This condition can present as a myriad of scenarios:
acutely inflamed seroma formation, localized mastitis, or diffuse breast pain
and swelling. Repeat breast imaging is indicated to look for parenchymal
features suggesting recurrence, such as an underlying spiculated mass or cal-
cifications; if such features are present, an image-guided biopsy should be
pursued. Otherwise benign-appearing cases that are refractory to a standard
course of antibiotics should undergo punch biopsy for further evaluation.
Occasionally patients ultimately request mastectomy because of intractable
pain and inflammation.

The cause of delayed breast edema and cellulitis is incompletely understood
butisassumed to be related to lymphatic obstruction affecting intramammary
drainage. Risk factors for this condition include a history of early postopera-
tive complications such as hematoma and seroma; upper extremity lym-
phedema; and large-volume lumpectomies [63]. Most cases have followed
resection of upper outer quadrant tumors. Rarely is a causative bacterial path-
ogen identified in these cases, but the conventional management nonetheless
includes antibiotic coverage for skin flora. The development of this complica-
tion does not seem to carry any cancer-related prognostic significance.

Complications related to lumpectomy and brachytherapy

Several breast cancer programs are currently exploring strategies of par-
tial breast irradiation that allow shortening of the conventional 5- to 6-week
external beam program. One such strategy involves insertion of a balloon-
type catheter (the MammoSite applicator; MammoSite Radiation Therapy
System, MammoSite RTS, CYTYC, Palo Alto, California) into the lumpec-
tomy cavity for delivery of brachytherapy. This device typically is inserted in
the operating room at the time of lumpectomy, with the expectation that
margin control will be achieved; if this is not the case, additional surgery
and a second implantation is required. While investigations of the long-
term efficacy of these accelerated breast-irradiation programs are being con-
ducted, experience with catheter-related risks is accumulating. CT imaging is
performed subsequently to ensure adequate balloon placement, as defined
by a minimum applicator—skin distance of 5 mm, and appropriate confor-
mance, with uniform contact between the balloon and lumpectomy walls.
Optimal positioning can be challenging but is essential for delivery of ther-
apy with minimal risk of local complications.

Results from a prospective, multicenter study of the MammoSite device
revealed that of 70 patients enrolled, 21 (30%) could not complete the
study because of lumpectomy-related issues (cavity size, skin spacing, or
conformance) [67]. Of the 54 patients who had a balloon inserted, 57% ex-
perienced overlying skin erythema, and 2 patients developed wound infec-
tions, including one abscess.
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Angiosarcoma related to breast-conservation therapy

Reviewed in detail by Monroe and colleagues [68], angiosarcomas of the
breast following lumpectomy and radiation therapy for breast cancer are
rare but are being reported with increasing infrequency. These secondary
angiosarcomas are to be distinguished from primary breast angiosarcomas,
which occur in relatively younger women and which have no well-defined
risk factors. Secondary angiosarcomas occur 4 to 10 years after primary
breast cancer treatment [68—70]. Lymphedema-related extremity angiosar-
coma (Stewart-Treves syndrome, discussed later) has a longer latency period
from time of breast cancer treatment. Furthermore, the occurrence of breast
angiosarcomas in the irradiated field coupled with the implications for ge-
netic predisposition to radiation-induced tumorigenesis (eg, ataxia-telangi-
ectasia) has prompted speculation that these lesions have an etiology
different from that of Stewart-Treves syndrome. Median survival, however,
is similarly poor, at 1 to 3 years [68].

Complications specific to diagnostic open biopsy procedures
Sampling error

The primary potential risk specifically associated with a diagnostic open
biopsy is related to missing a cancerous lesion and resecting adjacent fibro-
cystic tissue, thereby misdiagnosing the patient. This complication exists
with palpable masses as well as with screen-detected nonpalpable lesions.

The risk of misdiagnosis with palpable breast masses can be minimized by
complete preoperative breast imaging, including mammography and ultra-
sonography. Palpable lesions that have a suspicious-appearing imaging cor-
relate should have an initial attempt at percutaneous core needle biopsy to
establish a diagnosis. If malignancy is confirmed, cancer-directed manage-
ment options can be addressed promptly. In eligible patients who have mea-
surable disease, neoadjuvant chemotherapy is one option that offers the
potential benefits of tumor downstaging to improve the success of breast-
conservation therapy and of monitoring chemosensitivity [71]. If the percu-
taneous biopsy was performed frechand, and results are nondiagnostic, an
image-guided needle biopsy (by either ultrasound or stereotactic/mammo-
graphic) can be attempted. Alternatively, if resources are available, the per-
cutaneous biopsy may be performed with image guidance as the initial
maneuver to improve the diagnostic accuracy.

If the palpable lesion does not have an imaging correlate, or if needle
biopsy strategies are unavailable, a diagnostic open biopsy must be
performed. Sampling errors with these procedures are uncommon, but
sampling in patients who have extensive fibrocystic changes can be challeng-
ing, especially when the lesion is a self-detected mass that is less apparent on
clinical examination. In these cases the breast should be assessed and
marked just before surgery by the surgeon and patient together, but



COMPLICATIONS IN BREAST SURGERY 443

intraoperative surgical judgment remains critical, and any suspicious masses
identified within the open breast wound should be biopsied and oriented
appropriately.

The risk of sampling error with nonpalpable breast lesions is greater. Es-
tablishing a diagnosis for clinically occult lesions that are identified by mam-
mogram or ultrasound necessarily depends on image guidance. As noted
previously, there are advantages to proceeding with an image-guided percu-
taneous needle biopsy as the initial diagnostic strategy. Patients whose diag-
nosis pf cancer has been made by needle biopsy are more likely to have
successful breast-conservation therapy and to require fewer re-excisions
for margin control than patients who undergo an initial open biopsy for
diagnostic purposes [72]. A core-needle biopsy is preferable to a fine-needle
aspiration biopsy because he larger tissue yield can distinguish in situ from
invasive architecture and also because the sampling error with a fine-needle
aspiration biopsy can be as high as 30%, compared with only 5% to 10%
with a core needle. If the targeted lesion is small and can be resected com-
pletely within the core specimens, a radiopaque clip should be left in place
to facilitate subsequent localization in case surgery is required.

When high-risk lesions such as atypical hyperplasia, radial scar, or lobu-
lar carcinoma in situ are identified on core-needle biopsy, a follow-up open
surgical biopsy should be performed. The sampling error rates associated
with these findings are substantial, and 10% to 40% will be upstaged to
cancer on subsequent open biopsy [73].

Open surgical biopsies of nonpalpable, image-detected breast lesions
require image-guided wire localization. The localizing wire can be inserted
under either ultrasound or mammographic guidance, depending on which
modality best images the abnormal lesion. MRI-guided wire localization
technology is available in some centers as well. Past strategies for localiza-
tion have included external skin markings and preoperative injection of
dye into the vicinity of the lesion, but these techniques have been largely
abandoned because of higher sampling error rates. Insertion of a hooked
wire, with two-view confirmatory mammography of the wire position in re-
lation to the abnormal lesion, followed by mammographic (and/or ultraso-
nographic) imaging of the biopsy specimen to document inclusion of the
suspicious target, is the most widely used technique in contemporary breast
programs. With this algorithm, the target is likely to be missed in fewer than
5% of cases. Risk factors for a sampling error complication despite these
precautions include suboptimal wire localization, migration of the localizing
wire between the time of insertion and the time of surgical resection, and mi-
gration of a previously inserted clip that was intended to mark the site of
a prior core-needle biopsy. When a sampling error is recognized intraoper-
atively, based on specimen imaging, it is quite difficult to reorient the breast
anatomy intraoperatively without the localizing wire. In this circumstance it
is prudent to resist multiple attempts at blind biopsies, because the likeli-
hood of success is low, and the additional tissue resections will compromise
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cosmesis. The patient should be informed of the failed procedure, and repeat
imaging should be repeated 2 to 4 weeks postoperatively, with plans for
another wire localization made accordingly.

Complications related to axillary staging procedures

The axillary nodal status remains the most powerful prognostic feature in
staging patients who have invasive breast cancer. Surgical staging of the ax-
illa is necessary for most newly diagnosed patients, because currently avail-
able imaging modalities can easily miss small nodal metastases. The
conventional level I/Il ALND is the standard means of evaluating the axilla,
but lymphatic mapping and sentinel lymph node biopsy has emerged re-
cently as a viable alternative strategy for accurately determining the nodal
status. Each of these staging procedures is associated with risks for various
complications and is discussed separately.

Complications associated with auxiliary lymph node dissection

The level I/II ALND is the conventionally accepted staging procedure.
Random axillary sampling procedures and ALND Ilimited to level I can
miss metastases in 20% to 25% of cases. On the other hand, a level III dis-
section generally is considered unnecessary (unless grossly apparent disease
is present in the axillary apex), because skip metastases to level I1I only oc-
cur in 2% to 3% of cases. The presence of an axillary arch has been pro-
posed as an anatomic variant that can increase the risk of sampling error
when a standard level I and II ALND is performed [74]. The axillary arch
is formed by an aberrant segment of latissimus dorsi muscle that extends to-
ward the pectoralis. If the axillary dissection does not encompass the lym-
phatic tissue lateral to these fibers, significant nodal tissue can be missed.
Failure to appreciate this anatomic variant has been implicated as a cause
for subsequent axillary recurrence [75].

Upper extremity lymphedema is the complication that has generated the
most concern after ALND, because it is a lifelong risk following the proce-
dure and, when it occurs, is quite refractory to treatment. Lymphedema has
been reported to develop in 13% to 27% of patients who have breast cancer
[25,76-79], but detection rates vary based on how closely patients are fol-
lowed and duration of follow-up. The risk of lymphedema is greater after
a higher-level axillary dissection than after less extensive surgery but has
been reported to occur even after axillary surgery limited to the sentinel
lymph nodes [25]. Other risk factors include obesity and regional radiation
therapy. Patients can minimize the risk of lymphedema by participating in
an aggressive and regulated physical therapy program, and onset of this
problem is aggravated by upper extremity trauma or infection.

One of the most feared long-term sequelae of chronic lymphedema is the
development of upper extremity angiosarcoma [80,81]. This condition is also
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known as ““Stewart-Treves syndrome” [82], named for the investigators who
first reported a series of cases demonstrating the association between post-
mastectomy lymphedema and the onset of this malignancy. Stewart-Treves
syndrome typically appears as bluish-reddish macular lesions or nodules on
the skin of the ipsilateral upper extremity. This disease generally develops
approximately 10 years after treatment for breast cancer, and it is usually
(but not always) seen in patients whose risk of lymphedema has been ampli-
fied by regional irradiation in addition to ALND. Treatment strategies have
included wide local excision, amputation, chemotherapy, and/or radiation,
with disappointing results. Most patients succumb to hematogenously dis-
seminated metastases to lung and visceral organs, with a median survival
of approximately 2 years.

The axillary dissection surgical bed exposes the axillary vein, thoracodor-
sal, long thoracic (“nerve of Bell”’), and intercostobrachial nerves, as well as
the neurovascular bundle to the pectoralis musculature. The intercostobra-
chial nerves are sacrificed routinely during a conventional ALND because
they course directly through the nodal tissue en route to the skin of the axilla
and upper inner arm, leaving patients with sensory deficits in this distribu-
tion. Attempts to preserve these nerves can result in damage that leaves the
patient with chronic neuropathic pain of the involved skin. The axillary vein
is at risk for hemorrhagic complications as a consequence of direct injury or
thrombosis secondary to traction and/or compression. The axillary artery
and brachial plexus are relatively protected from intraoperative damage be-
cause of their deeper and more superior location. The thoracodorsal neuro-
vascular bundle, which courses along the inner aspect of the latissimus dorsi
muscle, should be exposed completely and preserved intact, unless there is
gross encasement by nodal metastases. Sacrifice of these structures dener-
vates the latissimus (leaving the patient with weakness of internal rotation
and shoulder abduction) and renders the thoracodorsal vessels unavailable
for possible future use in conjunction with microvascular anastomoses for
free flap reconstructions. Disruption of the long thoracic nerve results in
loss of serratus anterior function and a winged scapula deformity with an
unsightly posterior shoulder bony protrusion. When the medial and lateral
pectoral nerves are transected, denervation atrophy of the pectoral muscles
eventually becomes apparent and can compromise the cosmetic result
substantially.

Axillary webs are bands of scar tissue that develop after ALND in fewer
than 10% of cases. They are readily apparent as cordlike structures coursing
from the surgical bed toward the forearm and occasionally reaching the
thumb [83]. They cause significant tightness and limitation of motion but
in most cases resolve within a few months. Physical therapy and massage
are frequently helpful in alleviating symptoms.

One final rare complication of the ALND is chyle leak, sometimes
reputed to be secondary to thoracic duct injury [84]. Recently, octreotide
has been recommended to control extensive lymphorrhea [85].
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Complications associated with lymphatic mapping and sentinel lymph
node biopsy

In 1993 and 1994 the initial reports of lymphatic mapping and sentinel
lymph node biopsy for patients who had breast cancer appeared in the lit-
erature, by Krag and colleagues [86] using radiolabeled isotope, and by Giu-
liano and colleagues [87] using blue dye. The accuracy of the sentinel lymph
node biopsy procedure is discussed elsewhere in this issue, but the procedure
now is widely accepted for axillary staging in breast cancer.

Complications that have been reported after a sentinel lymph node bi-
opsy are the same as those associated with ALND, including seroma, lym-
phedema, axillary web formation, and neurosensory disturbances, but the
magnitude of risk is lower. Data on long-term follow-up of patients who
have undergone sentinel lymph node biopsy alone are revealing adverse se-
quelae in fewer than 10% of cases [25,78,88,89]. Wilke and colleagues [89]
reported on the outcomes of 5327 patients who had early-stage breast cancer
participating in the American College of Surgeons Oncology Group pro-
spective lymphatic mapping protocol and found axillary wound infections
in 1%, axillary seroma in 7.1%, and axillary hematoma in 1.4%. Lymphe-
dema was reported in 6.9% of cases.

Allergic reactions to the blue dye used for mapping procedures can occur
with the use of isosulfan blue as well as patent blue dye. Within a few min-
utes to an hour after blue dye injection, up to 2% of patients may experience
sudden hemodynamic instability and other sequelae of intraoperative ana-
phylaxis. Despite the dramatic presentation, these episodes usually respond
readily to supportive care, which includes discontinuation of the gaseous an-
esthetics, 100% oxygen, aggressive fluid resuscitation, and pressor support.
In most cases the anesthesia and surgical procedure have been resumed and
completed uneventfully after the patient has been stabilized. Some surgeons,
however, have elected to abort the surgical procedure and to reschedule the
mapping without blue dye [90]. In one reported case, a planned lumpectomy
was converted to a mastectomy so that the allergen focus would be resected
completely [91]. Many other patients have proceeded to undergo successful
lumpectomies, but they should be monitored closely for 24 hours because
continued uptake of the blue dye from skin and soft tissue can result in
protracted or delayed secondary (biphasic) reactions.

Blue urticaria, a less severe form of blue dye allergy characterized by blue-
tinged hives, is another pattern that has been reported [92,93]. There is no cor-
relation with past allergy history, and preoperative skin testing is unreliable in
identifying highest-risk patients. One hypothesis is that many individuals have
prior sensitization from exposure to industrial dyes in cosmetics, textiles, de-
tergents, and other products. Routine premedication of all patients undergo-
ing mapping with steroids, antihistamines, and/or histamine receptor
blockade has been proposed, but the added expense and risks of this approach
for a low-incidence allergic reaction have not been documented. Known
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allergy to triphenylmethane is a contraindication to blue dye use. Thus far,
methylene blue seems to be less allergenic [94], but caution must be exercised
to avoid skin necrosis from dermal injections of this agent.

Blue dyes also can cause a spurious decline in pulse oximetry measure-
ments, related to intravascular uptake and interference with spectroscopy;
in these circumstances arterial blood gases reveal normal oxygenation.
Blue dyes are contraindicated during pregnancy, because the risk of terato-
genicity is unknown.
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