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Bacterial profile of suction drains and the
relationship thereof to surgical-site infections in
prosthetic breast reconstruction
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aimed to determine whether bacteria isolated from drainage fluid were associated with the University College of Medicine,
development of SSls, and whether the bacterial profile of drainage fluid could be a clinically 73 Inchon-ro, Seongbuk-gu, Seoul
useful predictor of SSls 02841, Korea

P : ] ] ] Tel: +82-2-920-5368
Methods We performed a retrospective chart review of 61 women who underwent tissue Fax: +82-2-922-7437
expander/implant or direct-to-implant reconstructions. Patient demographics and culture E-mail: yesanam2@korea.ac.kr
studies of drainage fluid from suction drains collected on postoperative day 7 were evaluated.
Results Sixteen patients (26.23%) were culture-positive, and 45 patients (73.77%) were cul-
ture-negative. The most frequently isolated bacteria were coagulase-negative staphylococci,
followed by Staphylococcus aureus. SSls were diagnosed in seven patients and were mostly
resolved by systemic antibiotics; however, the tissue expander or implant was explanted in
two patients. Positive culture of drainage fluid from closed-suction drains was significantly
associated with the development of SSls (P <0.05). The positive predictive value was 37.50%,
and the negative predictive value was 97.78%.
Conclusions To our knowledge, this study is the first to demonstrate a significant association
between the microbiological profile of drainage fluid from closed-suction drains and the de-
velopment of SSIs in patients with prosthetic breast reconstructions. The high negative pre-
dictive value suggests that microbial testing of drainage fluid from closed-suction drains may
have clinical utility. Further prospective studies with larger sample sizes are required to con-
firm our findings.
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INTRODUCTION constructions were the most frequently performed procedures,

accounting for 81.10% of operations [1]. Despite the increasing
In 2016, over 109,000 women underwent breast reconstruc- number of procedures performed yearly, the overall complica-
tions in the United States. Tissue expander or implant-based re- tion rate of postmastectomy breast reconstruction remains as
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high as 60% [2,3]. Among all potential complications, surgical-
site infections (SSIs) in cases of prosthesis-based reconstruction
are the problem of greatest concern; the average rate of SSI after
prosthetic breast reconstruction ranges from 1% to 35.4% [4-8].
SSIs after prosthetic breast reconstruction are often devastating,
resulting in prolonged hospitalization and implant loss in the
majority of cases.

To reduce hematoma formation and fluid collection, one or
more closed-suction drains are usually inserted deep to the mas-
tectomy flaps and in the axilla [9]. Such drains are kept in place
during the postoperative period for a period of time that varies
considerably based on the surgeon’s experience [10]. Surgical
drains provide an entry for bacteria into the clean wound envi-
ronment. Recently, Felippe et al. [11] investigated the rate of
bacterial colonization in closed-suction drains after mastectomy
in patients with breast cancer and found that bacteria were iso-
lated in 33% of drainage fluid samples at 1 week after mastecto-
my and in 81% at 2 weeks. In 85% of the patients who devel-
oped an SSI, the bacteria identified were the same as those iden-
tified in the suction drain cultures; furthermore, bacterial colo-
nization of the drain was found to be an independent predictor
of SSL

In various surgical fields, whether cultures from closed-suction
drains are associated with the development of SSI is controver-
sial, and the diagnostic value of routine cultures is not firmly es-
tablished. While Takada et al. [12] reported that positive drain
culture results were related to the development of SSIs in pa-
tients who underwent hip arthroplasty, Ahn et al. [13] reported
that drain culture was a poor predictor of SSI in patients who
underwent primary spinal surgery. In breast reconstruction, no
study has investigated whether positive culture results for
closed-suction drains are associated with SSI. Therefore, this
study assessed the microbiological profile of cultures from
closed-suction drains in patients who underwent prosthetic
breast reconstruction after mastectomy and investigated wheth-
er the culture results were predictive of SSI. The main purpose
of this study was to investigate whether a positive culture result
was related to the development of SSIs and to evaluate the prog-
nostic value of culturing drainage fluid for predicting SSIs in

prosthetic breast reconstruction patients.

METHODS

Study population

We retrospectively investigated patients who had undergone
prosthetic breast reconstruction after breast cancer surgery from
March 2015 to December 2016 at Korea University Anam Hos-
pital. The breast procedures in this study included immediate or
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delayed tissue expander/implant and direct-to-implant recon-
struction after breast cancer surgery. The exclusion criteria were
as follows: exchange of the tissue expander for a permanent im-
plant and implant placement beneath a latissimus dorsi flap. Ap-
proval from the Korea University Anam Hospital Institutional
Review Board was obtained for conducting this study (2018-
ANO0214). The patients provided written informed consent for
the publication and the use of their images.

SSI definition

Superficial and deep SSIs were defined according to the criteria
of the Centers for Disease Control and Prevention [14]. Under
these criteria, infection occurs within 30 days or within 1 year if
an implant is in place, and the patients must present either puru-
lent drainage from the incision or infectious symptoms such as
localized pain, fever, and tenderness. For patients diagnosed
with SSIs, we aseptically cultured tissue that was biopsied from
infected wounds whenever possible.

Surgical technique and protocol

At our center, all patients received prophylactic antibiotic ad-
ministration within 30 minutes before surgery, consisting of a
single intravenous dose of 1 g of cefazedone. After surgery, pa-
tients were given an intravenous dose of 1 g of cefazedone twice
daily until postoperative day (POD) 7, after which S00 mg of
cephalexin was administered orally 3 times a day for a week.

We performed tissue expander/implant reconstruction or di-
rect-to-implant reconstruction based on perfusion and the avail-
ability of a skin flap. During surgery, acellular dermal matrix was
used in all cases; it was sutured inferiorly to the inferior border
of the pectoralis major muscle and laterally to the inframamma-
ry fold crease. For patients who underwent tissue expander/im-
plant reconstruction, a tissue expander was placed beneath the
pectoralis major muscle flap, which would be exchanged for a
permanent implant after an appropriate interval. Then, two
closed-suction drains were placed under the mastectomy flap at
the end of the procedure: one in the subcutaneous plane and
the other in the submuscular plane. For patients who under-
went direct-to-implant reconstruction, an implant was placed in
the submuscular plane, and only a single closed-suction drain
was inserted subcutaneously.

A 2-mL specimen of drainage fluid was routinely collected on
POD 7 and was sent to the microbiology laboratory of the hos-
pital for culture analysis. Before aspirating the drainage fluid, the
suction drains were sterilized with 10% aqueous povidone-io-
dine solution. For patients who underwent tissue expander/im-
plant reconstruction, the suction drain placed in the submuscu-

lar plane was first removed on POD 7, and the other was re-
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moved between POD 8 and 14 when the daily discharge vol-
ume decreased to below 30 mL or on POD 14, whichever came
first. For patients who underwent direct-to-implant reconstruc-
tion, the suction drain was removed after aspirating drainage
fluid on POD 7. Patients were discharged after the removal of at
least one closed-suction drain and were followed up twice a
week until the wounds had healed completely. After that, they
routinely visited the outpatient clinic at 2-week intervals unless
any signs of infections such as fever, erythema, swelling, or pain
developed.

Data collection

Data collected through retrospective chart review included age,
body mass index, preoperative diagnosis of diabetes mellitus or
arterial hypertension, smoking status, history of chemotherapy
and/or irradiation, time of breast reconstruction (delayed or
immediate reconstruction), type of breast cancer surgery (skin-
sparing mastectomy, nipple-sparing mastectomy, or breast-con-
serving surgery), concurrent axillary lymph node dissection,
microbiological data from cultures of drainage fluid from closed-
suction drains, and the development of SSIs.

Statistical analysis

Statistical analysis was conducted using SPSS version 22.0 (IBM
Corp.,, Armonk, NY, USA). Continuous variables are shown as
means with standard deviations, and categorical variables as
counts and percentages. The studied variables were analyzed
with the chi-square test or the Fisher exact test for categorical
variables and the Student t-test for numerical variables. P-values
< 0.05 were considered to indicate statistical significance.

Fig. 1. Overview of the patients
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RESULTS

During the study period, 61 women underwent immediate or
delayed tissue expander and direct-to-implant breast recon-
structions (Table 1). Among them, 16 patients (26.23%) had

Table 1. Patients' demographic and clinical characteristics

Groups with  Groups with
Characteristic positive negative  P-value
cultures cultures
No. of patients 16 (26.23) 45 (73.77)
Age (yr) 50.25+10.89 4542+752 0116
Body mass index (kg/m?) 23.71+390 2341+£362 0784
Type of reconstruction 1.000
Tissue expander/implant 15 (93.75) 43 (95.56)
Direct-to-implant 1(6.25) 2 (4.44)
Time of reconstruction 1.000
Immediate 15(93.75) 43 (95.56)
Delayed 1(6.25) 2 (4.44)
Operative details 0.07
Bilateral 4 (25) 3(6.67)
Unilateral 12 (75) 42 (93.33)
Type of mastectomy
Nipple-sparing mastectomy 4 (25) 27 (60) 0.016
Skin-sparing mastectomy 12 (75) 17 (37.78) 0.010
Breast-conserving surgery 0 1222 1.000
Axillary lymph node dissection 7 (43.75) 21 (46.67) 1.000
Comorbidity
Diabetes 1 (6.25) 1(2.22) 0.459
Hypertension 3(18.75) 6(13.33) 0.686
Smoking 2 (12.50) 0 0.066
Previous irradiation 0 2 (4.44) 1.000
Previous chemotherapy 2 (12.50) 13 (28.89) 0.312
Values are presented as number (%) or mean + standard deviation. Data
comparison was performed using the chi-square test or Fisher exact test for
categorical variables and the Student t-test for numerical variables.

SSl, surgical-site infection.
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Table 2. Microbiological profile of drainage fluid samples
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Table 3. Results for drain cultures and SSls

Isolate Prevalence
Gram-positive bacteria
Coagulase-negative Staphylococcus 7(33.33)
Staphylococcus aureus 3(14.29)
Bacillus spp.
Enterococcus faecalis 2(9.52)
Others 1(4.76)
Corynebacterium spp. 1(4.76)
Total 14 (66.66)
Gram-negative bacteria
Acinetobacter baumannii 3(14.29
Pseudomonas spp.
Pseudomonas aeruginosa 2(9.52)
Pseudomonas oryzihabitans 1(4.76)
Stenotrophomonas maltophilia 1(4.76)
Total 7 (33.33)
Values are presented as number (%).

; SSI
Drain culture Total " -
Positive Negative
Positive 16 6 10
Negative 45 1 44

SSl, surgical-site infection.
P=0.0009; data comparison was performed using Fisher exact test.

Table 4. Predictive power of positive drain cultures for SSls

Prediction of SSls Percentile
Sensitivity 85.71
Specificity 81.48
PPV 37.50
NPV 97.78

SSI, surgical-site infection; PPV, positive predictive value; NPV, negative predictive
value.

positive cultures, and 45 (73.77%) had negative cultures (Fig.
1). The majority of patients underwent tissue expander/im-
plant reconstruction: the positive and negative drain culture
groups consisted of 15 (93.75%) and 43 (95.56%) tissue ex-
pander/implant reconstructions, respectively. Of the three pa-
tients who underwent delayed breast reconstructions, one pa-
tient underwent a tissue expander/implant operation, and two
patients underwent a direct-to-implant procedure.

The bacterial species present in the positive cultures of drain-
age fluid are listed in Table 2. Fluid from four patients was posi-
tive for multiple bacteria species. One patient who underwent
bilateral tissue expander/implant reconstruction had three dif-
ferent bacterial species in her drainage fluid. Two patients who
underwent unilateral tissue expander/implant reconstruction
and one patient who underwent unilateral direct-to-implant re-
construction had two different bacterial species. A total of 21
bacterial isolates identified in 16 patients were included in this
analysis. Two-thirds of the isolates cultured from drainage fluid
were Gram-positive, and seven contained coagulase-negative
staphylococci. Staphylococcus aureus was detected in three cases
(14.29%), and all were methicillin-sensitive. With regard to
Gram-negative bacteria, Acinetobacter baumannii was detected
in three cases (14.29%) and Pseudomonas spp. in three cases
(14.29%).

SSIs developed in six of the 16 women in whom the closed-
suction drain cultures were positive (Table 3). Only one of the
4S patients who were culture-negative developed an SSI. Suc-
tion drain cultures had a sensitivity of 835.71%, a specificity of
81.48%, a positive predictive value (PPV) of 37.50%, and a neg-
ative predictive value (NPV) of 97.78% (Table 4). A positive

suction drain culture was significantly associated with the devel-
opment of SSIs (P = 0.0009).

Details of the patients who developed SSIs are presented in
Table S. The type and timing of the breast reconstructions were
as follows: five immediate tissue expander/implant reconstruc-
tions, one immediate direct-to-implant reconstruction, and one
delayed direct-to-implant reconstruction. Coagulase-negative
staphylococci were found in cultures of drainage fluid from
three patients. In patients 1 and 2, methicillin-sensitive S. aureus
was isolated from closed-suction drains on POD 7. After these
patients developed SSIs, tissue biopsies were taken aseptically
from the infected postoperative wound site whenever possible,
and methicillin-sensitive S. aureus, previously isolated from the
drainage fluid on POD 7, was detected. All patients who devel-
oped SSIs received systemic antibiotics, and the symptoms of
five of these patients resolved completely. Patients 1 and 2 were
not healed by the continuous use of antibiotics and were admit-
ted for surgical removal of the tissue expander and implant (Fig.
2). Their SSIs resolved completely after surgical debridement of

the infected wound and prosthesis removal.

DISCUSSION

Despite the increase in the number of prosthetic breast recon-
structions performed annually, the infection rate still ranges
from 1% to 35.4% [4-8]. Furthermore, for 3% of patients, post-
operative infection leads to additional surgery and explantation
of the implants, imposing both medical and financial burdens
[15,16]. During breast reconstruction after breast cancer sur-

gery, one or more closed-suction drains are routinely inserted to
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Table 5. Epidemiological and microbiological characteristics of SSls

. . Days between . .
Patient AT Type Of. Type of mastectomy Erainiinidiculius surgery and R ST Treatment
(yr) reconstruction on POD 7 SSls culture

1 61 Immediate tissue Skin-sparing mastectomy ~ MSSA 19 MSSA Implant removal
expander/implant

2 45 Delayed direct-to-implant Nipple-sparing mastectomy MSSA, Pseudomonas aeruginosa 3 MSSA Implant removal

3 55 Immediate tissue Skin-sparing mastectomy ~ MRSE 22 Not performed Antibiotics
expander/implant

4 53 Immediate tissue Skin-sparing mastectomy ~ MRSH, Corynebacterium spp. 33 Enterobacter cloacae Antibiotics
expander/implant

5 51 Immediate tissue Skin-sparing mastectomy ~ MRSE 10 Not performed Antibiotics
expander/implant

6 32 Immediate tissue Skin-sparing mastectomy  Bacillus spp. 14 MRSE Antibiotics
expander/implant

7 47 Immediate direct-to- BCS No growth 25 No growth Antibiotics
implant

SSl, surgical-site infection; POD, postoperative day; MSSA, methicillin-sensitive Staphylococcus aureus; MRSE, methicillin-resistant Staphylococcus epidermidis; MRSH,

methicillin-resistant Staphylococcus haemolyticus; BCS, breast-conserving surgery.

Fig. 2. Case: patient 1

A 61-year-old woman who underwent skin-sparing mastectomy and immediate breast reconstruction with a tissue expander. (A) Preoperative
photograph. (B) Nineteen days after breast reconstruction, a surgical-site infection developed. Erythema was observed around the incision site. (C)
The tissue expander was finally removed to relieve the symptoms of infection.

T

prevent hematoma and seroma formation, and the duration of

placement is usually determined based on the surgeon’s experi-
ence.

Suction drains are kept in close proximity to the implant or tis-
sue expander and may be ideal for the early detection of bacteri-
al growth that can contribute to SSIs. Several studies in other
surgical fields have investigated the relationship between SSIs
and suction drain cultures, but controversy remains. According
to Kobayashi et al. [17], even though insufficient data support-
ed the conclusion that suction tip culture could indicate the
presence or absence of SSIs in patients who underwent spinal
surgery, it might be useful for early detection of methicillin-re-
sistant bacteria. Although several breast surgery studies have in-
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vestigated the relationship between suction drain cultures and
SSIs, it is not clear from these studies whether the two are signif-
icantly related. Felippe et al. [11] investigated risk factors for
SSIs in 354 women who underwent breast-conserving surgery
or mastectomy. Closed suction drains were inserted in the axilla
or under both the skin flap and axilla, and drainage fluid was
collected at POD 7 and when the drain was removed. Bacterial
colonization was significantly associated with SSIs, with a rela-
tive risk of 2.50 (95% confidence interval, 1.15-5.44).

We classified the bacteria grown from drainage fluid cultures
and explored the relationship between suction drain cultures
and SSIs after breast reconstruction procedures. The profile of
bacteria we found in cultures was similar, but not identical, to
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those reported in previous studies [15,18]. Gram-positive bac-
teria were more common in our study (66.66%) than Gram-
negative bacteria. While Cohen et al. [15] also reported more
frequent isolation of Gram-positive bacteria (75%) than Gram-
negative bacteria (20%), Weichman et al. [18] reported an
equal distribution of Gram-positive and Gram-negative bacte-
ria. These differences in bacterial profiles can be explained by
the use of different prophylactic antibiotics at different medical
centers and the unique microbiomes of the patients. Further-
more, we routinely collected drainage fluid from closed-suction
drains and performed microbial analyses, while Weichman et al.
[18] and Cohen et al. [15] obtained tissue samples from pa-
tients who had already developed SSIs. Because the cultures of
drainage fluid were routinely performed, the microbial profile of
patients was analyzed regardless of the presence of SSIs.

Among the patients with positive cultures, a greater propor-
tion had undergone skin-sparing mastectomy than among those
with negative cultures (75% vs. 37.78%), and this difference was
statistically significant (P=0.010) (Table 1). After the place-
ment of a tissue expander or implant, the mastectomy skin flap
can be closed under more tension in skin-sparing mastectomy
than in nipple-sparing mastectomy, resulting in skin flap necro-
sis. The presence of devitalized tissues in the wound may favor
bacterial growth, affecting the bacterial colonization of drainage
fluid. Except for the mastectomy type, the two groups did not
show statistically significant differences for any demographic or
clinical parameters.

In our analysis, the most common bacteria from suction drain
cultures were coagulase-negative staphylococci, followed by S.
aureus and A. baumannii. The majority of coagulase-negative
staphylococci were Staphylococcus epidermidis. The breast is not
sterile, and endogenous skin flora has been noted as a principal
cause of implant-related infections after prosthetic breast recon-
struction [19,20]. The usual causative organisms of SSIs are S.
aureus, coagulase-negative staphylococci, streptococci, and Pro-
pionibacterium spp., and Ahn et al. [21] demonstrated that S.
epidermidis and Propionibacterium spp. were present in 47% of
silicone implant patients with symptomatic infections [20].
Seven patients in our study eventually developed SSIs 10 to 35
days after tissue expander or direct-to-implant reconstruction.
In the patient who underwent direct-to-implant reconstruction
after breast-conserving surgery, we failed to isolate any bacteria
from the drainage fluid at POD 7 and in a tissue biopsy at the
outpatient clinic. Although the symptoms of five patients sub-
sided in response to systematic antibiotic treatment with cefaze-
done and ciprofloxacin, the implant and tissue expanders in two
patients were explanted due to the severity of symptoms and
their unresponsiveness to conservative treatment. S. aureus was
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isolated from the routine collection of drainage fluid from
closed-suction drains at POD 7, and an identical species was
found in isolates from pus after SSIs developed. In a previous
study of acute postoperative breast implant infections, S. aureus
was responsible for periprosthetic infections in 68% of patients
who developed infections [22]. In addition, 66.66% of the S. au-
reus isolates in that study were resistant to methicillin. In our
analysis, however, all S. aureus isolates were sensitive to methicil-
lin. This discrepancy may have been due to our relatively small
sample size, because another study reported that the majority of
S. aureus isolates were sensitive to methicillin [ 15].

Our data suggest that bacterial colonization of drainage fluid is
significantly associated with the development of SSIs. A rela-
tionship between bacterial colonization of drains and SSIs was
previously reported for patients who underwent a total mastec-
tomy. Degnim et al. [23] demonstrated that SSIs more frequent-
ly occurred in patients with greater levels of bacterial coloniza-
tion than in patients with less or no bacterial colonization (22%
vs. 4% ). Moreover, our analysis further revealed that the NPV of
drain culture for SSIs was 97.78%, suggesting that drain culture
might be able to accurately predict true negative cases. However,
the PPV, sensitivity, and specificity were 37.50%, 85.71%, and
81.48%, respectively. Further studies with larger sample sizes are
required to more accurately determine the prognostic value of
closed-suction drain cultures.

Our study, however, has several limitations. As we used a retro-
spective review design, a prospective trial is required for further
validation and to increase the power of the study design. In ad-
dition, well-known risk factors for SSI in breast surgery include
obesity, smoking, old age, and other medical comorbidities such
as diabetes mellitus [11,24]; however, the sample size used in
this study was not large enough to control for all these variables,
meaning that there was insufficient statistical power to address
whether suction drain cultures were an independent predictor
of SSIs. Despite these limitations, the strength of this study is
that it is the first study to evaluate the association between
drainage fluid culture and SSIs in patients who underwent pros-
thesis-based breast reconstructions.

In our analysis, Gram-positive bacteria, especially coagulase-
negative staphylococci and S. aureus, were most frequently iso-
lated from drainage fluid of closed-suction drains in patients
who underwent prosthetic breast reconstruction. We also dem-
onstrated a significant association between positive culture re-
sults and the development of SSIs, and the drain cultures had a
high NPV, suggesting that culturing of drainage fluid could be
useful for the early detection of SSIs and selection of antibiotics
when SSIs develop. To obtain stronger evidence for this associa-

tion and the clinical value of drainage fluid cultures, further pro-
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spective clinical studies in a larger population should be per-

formed.
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