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Réduction de l’infection des expanseurs
mammaires : Nouveau protocole de drainage

BACKGROUND: Risk factors for expander reconstruction infection are
well known. However, drain use as a risk factor for the development of
infection is unclear.
OBJECTIVE: To review a simple method for drain use to help reduce
rates of infection in expander breast reconstruction.
METHODS: Two hundred consecutive single-surgeon (JDM) immediate
first-stage expander breast reconstructions were retrospectively reviewed.
The records were reviewed for history and physical examination, intraoperative technique, perioperative management, adjuvant therapy, and
outcome with respect to expander infection necessitating premature
explantation within the first eight weeks. Infection was defined on clinical
basis, with or without culture positivity. All expanders (Mentor, USA)
were the same model (textured, port-integrated and biodimensional). Two
consecutive series of reconstructions were then created. The first series
included 177 reconstructions while the second series included 23 reconstructions. Unlike the first series, the second series introduced a protocol in
which all reconstructions received mupirocin 2% cream to the drain sites
and all drains were removed at the end of the first week. Additionally, in
the second series, all expanders were secluded from direct in vivo contact
with the closed suction drain either by the use of an intervening Alloderm
sling (LifeCell Corporation, USA, 15 of 23 breasts) or by subdermally tunnelling the drain superficial to an adequate fatty subcutaneous layer (eight
of 23 breasts).
RESULTS: Patients who developed infection in the first series and all
patients in the second series shared statistically the same level of aggregate
risk factors (P=0.531). The infection rate (5.65%, 10 infections in
177 breasts) in the first series was statistically greater than in the second
series (0%, 0 in 23 breasts, P=0.001).
CONCLUSIONS: The present study found that percutaneous closed suction drains do serve as an increased risk for expander infection. However,
early results indicate that in vivo protection of the expander with Alloderm
or subdermal tunnelling, topical antibiotic ointment use and early drain
removal may significantly reduce expander infection.

HISTORIQUE : On connaît bien les facteurs de risque associés à
l’infection des expanseurs lors de reconstructions mammaires. Toutefois, on
ignore si l’utilisation de drains pose un risque à cet égard.
OBJECTIF : Passer en revue une méthode simple de pose de drain afin de
réduire les taux d’infection lors de reconstructions mammaires avec
expanseurs.
MÉTHODE : Les auteurs ont analysé de manière rétrospective la première
étape de deux cents reconstructions mammaires consécutives avec
expanseurs, réalisées par un seul et même chirurgien (JDM). Les auteurs
ont tenu compte des antécédents, du résultat de l’examen physique, de la
technique opératoire, de la prise en charge périopératoire, du traitement
adjuvant et de l’issue de la chirurgie en ce qui a trait aux infections des
expanseurs ayant pu forcer leur retrait prématuré au cours des huit
premières semaines. L’infection a été définie sur une base clinique,
indépendamment des résultats des cultures. Tous les expanseurs (Mentor,
USA) étaient du même modèle (texturé, à valve auto-obturante et
biodimensionnel). Deux séries de reconstructions consécutives ont ensuite
été créées. La première série incluait 177 reconstructions, tandis que la
seconde en comptait 23. Contrairement à la première série, la seconde
prévoyait l’utilisation d’un protocole en vertu duquel de la mupirocine en
crème à 2 % était appliquée au niveau du point d’insertion des drains pour
toutes les reconstructions et tous les drains étaient retirés à la fin de la
première semaine. De plus, dans la seconde série, tous les expanseurs ont
été protégés d’un contact direct in vivo avec le système de drainage, soit par
l’utilisation d’un dispositif Alloderm (LifeCell Corporation, USA, 15 seins
sur 23), soit par l’insertion sous-dermique du drain, à la surface d’une
couche sous-cutanée adipeuse adéquate (8 seins sur 23).
RÉSULTATS : Les patientes qui ont développé une infection dans la
première série et toutes les patientes de la seconde série présentaient le même
degré statistique de facteurs de risque regroupés (p = 0,531). Le taux d’infection
a été statistiquement plus levé dans la première série (5,65 %, 10 infections sur
177 seins) que dans la seconde (0 %, 0 sur 23 seins, p = 0,001).
CONCLUSION : La présente étude a permis de conclure que les drains
d’aspiration percutanés contribuent à l’accroissement du risque d’infection
de l’expanseur. Toutefois, selon des résultats préliminaires, la protection in
vivo de l’expanseur au moyen d’Alloderm ou du positionnement sousdermique du drain, en plus de l’application topique d’un onguent
antibiotique et du retrait précoce du drain, peut réduire significativement
l’infection des expanseurs.
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T

wo-stage expander breast reconstruction remains one of
the most widely used techniques for postmastectomy
reconstruction. Infection of the expander most frequently
requires explantation for timely infection clearance. Premature
expander explantation delays not only reconstructive efforts,
but may also delay the commencement or continuance of

adjuvant postmastectomy chemotherapy and/or radiation therapy. Premature expander explantation may create psychological
deflation, potentially leading to avoidance of any further reconstructive efforts. Additionally, the economic cost of the clearance
of the expander-related infection as well as occupational loss of
wages dramatically increases the cost of the reconstruction.
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Figure 1) Subdermal tunnelling of drain (cross section)

While risk factors of surgical site infection, including diabetes, obesity and smoking, are well known, the risk related to
the use of a closed suction drain in expander breast reconstruction is not well known. Over the past 40 years, many different
case reports and studies have examined the use of closed suction drains and their relationship to infection across many
surgical specialties. However, infection as related to prosthetic
breast reconstruction, with or without mention of drain use, is
varied in the literature. The present paper reviews our experience with infection related to expander breast reconstruction
and the benefits afforded by expander seclusion from the drain,
early drain removal and use topical antibiotic ointment.

METHODS
Patient population
One hundred thirty-nine women presented for breast reconstruction between July 1, 2003, and March 1, 2008. Seventynine women underwent a unilateral therapeutic mastectomy
while 60 women underwent a unilateral therapeutic mastectomy as well as a contralateral prophylactic mastectomy. A
thorough history and physical examination was completed on
each woman, with noted risk factors of obesity (body mass
index [BMI] 30 kg/m2 or higher), current smoking, diabetes,
and the use of preoperative or postoperative chemotherapy
being recorded. All patients wished to undergo two-stage
breast reconstruction with the initial placement of a breast
expander, which would then be intervally exchanged for a
saline implant by the senior author (JDM). Although all
patients were followed for at least six months, ‘early infection’
was defined as expander infection occurring within eight weeks
following expander placement. No patients developed expander
breast infection beyond this eight-week period. Patients were
dropped from further data inclusion if an expander was
removed due to infection. Additionally, while all patients were
followed for the first six months, not all patients had undergone second-stage reconstruction at the time of study submission.
Operative technique for all 200 reconstructions
The mastectomy and immediate expander reconstruction used
basic strict sterile techniques. All patients washed their chest
and breasts with chlorhexidine gluconate 4% solution at home
before presenting to the hospital. All patients received preoperative antibiotics within 60 min of the start time and antibiotics were redosed intraoperatively according to schedule,
with all patients receiving prophylactic oral antibiotics until
the drains were removed and the drain sites healed.
Intraoperatively, the mastectomy flaps and chest wall were
liberally irrigated with saline combined with bacitracin and
18

Figure 2) Drain draped over Alloderm (LifeCell Corporation,

USA) and pectoralis major muscle.
kanamycin. After the surgeon’s gloves were washed of debris, a
Mentor (USA) style 6200 textured expander was placed in the
subpectoral position without the expander touching the
patient’s skin or surgical towels. In all cases, the pectoralis
major muscle did not cover the inferior portion of the expander,
thus leaving partial muscular coverage. Injectable saline was
infused to each expander to the tolerance of skin tension. A
single 15 Fr, percutaneous, fully fluted hubless closed suction
drain with an antireflux valve (Ethicon, USA) was placed just
before incision closure through the lateral inframammary fold.
Additional operative technique for the last 23 reconstructions
The last 23 reconstructions specifically secluded the drain from
direct in vivo contact with the expander. In this second series,
the expander was secluded from direct in vivo contact from the
percutaneous drain by either tunnelling the percutaneous drain
in the subdermal space, superficial to an adequate subcutaneous
fatty layer, or by draping the drain over the intervening inferior
Alloderm (LifeCell Corporation, USA) sling. If adequate subcutaneous fat was present on the inferior mastectomy flap, the
percutaneous drain was tunnelled from the level of the lateral
inframammary fold superiorly in the subdermal space, over the
expander and then over the pectoralis major muscle (Figure 1).
Doing so protected the expander from the drain with adequate
intervening subcutaneous fat (eight of the last 23 reconstructions). However, in the remaining 15 of these last 23 reconstructions, Alloderm was sutured from the pectoralis down to
the inframammary fold and over the expander with the use of a
running polydiaxanone suture (Ethicon, USA) (Figure 2). The
closed suction drain was positioned from its percutaneous
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TABLE 1
Summary of both series for first stage breast
reconstruction

TABLE 2
Patient-related risk factors for infection in each series

Series 1

Series 1 (for those women who developed infection)

121 women, 177 breast reconstructions

1

Technique

2

Patient

Percutaneous subcutaneous drain in contact with expander

3

Drain removal until output less than 25 mL for 2 days

4

Obesity

Smoking

Diabetes

Yes
Yes

Yes
Yes
Yes

Follow-up 8 weeks

5

Yes

Yes

Series 2

6

Yes

Yes

18 women, 23 breast reconstructions

7

Yes

Technique

8

Expander separated from in vivo drain contact
Subdermal tunnelling of the drain
Alloderm* sling interface between drain and expander
Mupirocin cream to drain site until drain removed and site healed
Drain removal after 1 week
Common operative techniques for both series
Chlorhexidine chest bath preoperatively
Standard sterile technique and preoperative antibiotics

9 none
10

Yes

Series 2 (all women)
1
3

Yes

5
6 none

No skin touch of expander

7

Partial submuscular expander placement

8

Oral postoperative prophylactic antibiotics until drain out and drain site
healed

9 none

Expander port access in clinic using strict sterile technique

11

*LifeCell Corporation, USA

12 none

RESULTS

In 139 consecutive women, 200 first-stage expander breast
reconstructions were completed. The same surgeon (JDM)
completed all first-stage expander breast reconstructions with a
follow-up of eight weeks. Risk factors for infection identified in
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Yes

Yes

Yes

Yes

Yes

10

Yes
Yes

13

Postoperative evaluation
All patients were instructed to keep drain sites dry from water
and continue prophylactic oral antibiotics until the drains were
removed. All patients were followed closely over the first eight
postoperative weeks. ‘Expander breast infection’ was defined as
typical clinical evidence of infection of the breast with or without positive cultures from the periprosthetic fluid or the
expander itself. In the event of breast infection, the expander
was removed after a failed one to two week course of broadspectrum oral antibiotics. Statistical analysis involved the proportionate comparison of risk factors for infection between
those women that developed infection in the first series compared with all women in the second series. Additionally, proportionate comparison statistics analyzed the incidence of
infection between the first and second series.

Yes
Yes

4 none

Bacitracin and kanamycin containing irrigating saline

entrance at the lateral inframammary fold and then draped
over the inferior Alloderm and the more superior pectoralis
major muscle, both providing complete coverage of the
expander. Doing so avoided any drain contact with the
expander. In contrast to the first series, all 23 reconstructions
in this second series received mupirocin 2% cream to the drain
site three times per day. Additionally, in the second series, all
drains were removed at the end of the first postoperative week,
regardless of drain output volume, whereas in the first series,
drains were removed when output was less than 25 mL for two
days (Table 1).

Yes
Yes

2

Follow-up 8 weeks

Chemotherapy

Yes
Yes

Yes

Yes

Yes

14
15

Yes
Yes

Yes

16

Yes

17
18

Yes
Yes

this study included obesity, current history of smoking, diabetes, and the use of neoadjuvant or adjuvant chemotherapy.
The patients in the first series of reconstructions that developed
infection (10 women) and all patients in the second reconstructive series (18 women) shared the statistically same level
of aggregate risk factors (P=0.531) for the development of
infection (Table 2). The patients in the first series who did not
develop infection shared a lower level of aggregate risk factors
than those patients in series 2. However, the patients in the
second series, the series that included the addition of in vivo
seclusion of the percutaneous drain from the expander, the use
of mupirocin cream to the drain site and removal of the drain
at one week, displayed a statistically decreased rate of infection
when compared with those patients in first series, which did
not incorporate these measures (P=0.001, Table 3). On average, drains were removed 20 days postoperatively for the first
series and 7.5 days postoperatively for the second series.
Further analysis of infection patterns were elucidated
through the first series. All infections, which only occurred in
the first series in 10 of 177 breasts, required expander explantation for infection clearance. Additionally, four women in the
first series who had undergone bilateral expander reconstruction developed infection, although in each case only one breast
became infected. Through internal review, radiation therapy was
not a statistically significant risk factor for the development of
infection although chemotherapy was positively correlated as
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TABLE 3
Infection incidence for both series
Series 1

Series 2

177 reconstructions

23 reconstructions

10 infections

0 infections

5.65%

0%

60% of women (six of 10) developing infection had begun
chemotherapy when the infection was diagnosed. On average,
infection was clinically diagnosed 38 days after expander placement while the drain had already been removed 18 days before
the diagnosis of infection. All breasts had the drain removed
before the diagnosis of infection. At the time of explantation of
the 10 infected expanders, the expanders and periprosthetic
fluid were sent for culture. All cultures of the infected expanders were positive while all cultures of all periprosthetic fluids
were negative. Organisms isolated included methicillin-resistant Staphylococcus aureus (five infections of 10), methicillinsusceptible S aureus (three of 10), Acinetobacter species (one of
10) and Enterobacter cloacae (one of 10).

DISCUSSION

Two-stage expander breast reconstruction remains a popular
reconstructive option, especially in cases of planned adjuvant
radiation therapy or when autologous techniques are not
adequate or possible. However, when compared with solely
autologous breast reconstruction, eradication of infection in
expander breast reconstruction proves more difficult, leading
to the most frequent reason for premature expander removal, as
supported in large studies (1-3). Doing so then challenges secondary reconstructive efforts and may add further cause for
patient depression and disappointment (4), and offers further
health care financial burden (5). While the principle cause for
expander breast infection is difficult to define in each case,
non-surgeon-related leading risk factors for surgical site infection and breast infection have been well elucidated and include
age, BMI, radiation therapy, chronic obstructive pulmonary
disease, axillary lymph node dissection, tumour stage, diabetes,
tobacco use, previous breast scars, mastectomy flap necrosis,
hematoma and seroma (6,7). Because single-surgeon-related
factors were controlled throughout the present study, patientrelated risk factors, many of which are uncontrollable given the
relatively short interval between cancer diagnosis and mastectomy, were defined as obesity (BMI greater than 30 kg/m2),
current smoking, diabetes, and the use of preoperative or postoperative chemotherapy. Controllable patient variables, such
as supplemental oxygen, maintenance of core body temperature and strict management of blood sugar, have been shown
to be effective in reducing surgical site infection and were likewise controlled in the present study (8).
Because the fate for infection of the undrained surgical
wound may be sealed at the time of incision closure, we examined the drain as a risk factor for surgical site infection. In the
presemt study, in women who had undergone bilateral expander
reconstruction and developed infection (four women), only
one breast in each case developed infection. Although this
subseries is small, if intraoperative contamination were to significantly occur, both surgical sites should reliably be exposed to
the same contamination risk, more reliably leading to bilateral
20

infection (not to just one breast). The drain could impose differential risk for infection between each breast. The literature
is replete from across many surgical specialties regarding infection and its relationship to the use of closed suction drains; the
majority of the referenced studies identified an increased risk of
related infection, while the balance of these studies showed a
lower risk of infection, or no statistical difference in infection
with or without drains (DE Fry, personal communication;
6,7,9-17). Understandably, multivariate risk factors make it difficult to support the strength of a unique risk factor. However,
it has been shown that a percutaneous closed suction drain
becomes bacterially colonized, often within 24 h postoperatively (DE Fry, personal communication). It has also been
shown that bacteria migrate retrograde within the closed suction drain tubing above the antireflux valve (14), as well as
along the drain tract at the skin level with high frequency (18).
Additionally, the rate of migration of organisms seems to be
proportional to the extent of contamination (14). However, in
one orthopedic study, drain bulb cultures did not always predict
infection risk. Culture positivity at the level of the internal
drain tip predicted wound infection in 50% of cases while a
negative tip culture virtually excluded deep infection (19).
Hence, it would stand to reason that ascending bacteria could,
potentially, colonize a relatively large prosthetic device, such as
a breast expander, to such a degree to eventually overwhelm
local in vivo defenses, leading to clinical infection (20).
Compared with mastectomy alone, women undergoing mastectomy with immediate expander placement share additional risk
factors for infection, such as longer operative time (21,22) with
more extensive tissue dissection and devitalization. In one series (23), the incidence of surgical site infection for expander
reconstruction has been shown to be nearly three times that of
mastectomy alone (12.4% versus 4.4%), although the infection
risk of expander and implant breast reconstruction may range
from 1% to 24% (24). Although not found to be statistically
significant in our study, radiation therapy has been shown to
increase the incidence of breast implant infection (24) while
yet other studies do not show this increased incidence (25).
With leading risk factors otherwise controlled, we then examined the potential benefit of in vivo separation of the drain in
first-stage expander breast reconstruction.
Based on germ theory principles of infection, the addition of
a drain advances a ‘clean’ operative case to a ‘clean-contaminated’ postoperative case. The drain protocol used in the last
23 reconstructions introduced technically and financially feasible techniques to decrease postoperative exposure of bacteria
to the expander. The topical use of antibiotic ointment (26,27)
and preoperative chlorhexidine bathing have been shown to
effectively reduce S aureus colonization, with low rates of
resistance formation (Dr Robert Rapp, personal communication; 21,26,28,29). Additionally, effective hand washing by
patients and care takers in the hospital and at home greatly
decreases cross-infection and infection risk (30,31). The early
removal of the drain eliminates further retrograde bacterial
migration while continued use of prophylactic antibiotics until
the drain is removed and the skin healed, as was continued in
the present study, has historically shown to be of benefit even
in very large series (32).
Though further research is needed, the benefits of drain and
expander separation by the use of drain subdermal tunnelling
Can J Plast Surg Vol 17 No 1 Spring 2009
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or by the use of an intervening acellular dermal matrix may
prove to be the strongest risk reduction factor for the development of expander infection. Circumferential exposure of the
subdermal colonized drain to healthy subcutaneous tissue may
help eradicate bacteria outside the in vivo drain. The rapid
revascularization of acellular dermal matrix may perform a
similar function. As has been shown in large infected operative
fields, human regenerative acellular dermal matrix revascularizes quickly while maintaining strength and integrity (33). In
our study, Alloderm was used in patients in whom the subcutaneous fatty tissues were not thick enough to reliably separate
the drain from the expander.
Clearance of infection with an expander in place can prove
difficult or, as seen in the present study, impossible. In the
present study, oral antibiotics seemed to control the infection,
but did not cure it completely. While percutaneous aspirates of
the periprosthetic fluid proved to be sterile in all infected cases,
the expanders were culture-positive in each case. The clinical
diagnosis of infection led to early explantation. However, the
diagnosis was clearly delayed by an average 18 days, possibly
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