
Abstract. Background/Aim: Using drains after breast
surgery is a preventive, but invasive measure to reduce
seroma formation. A polyurethane-based tissue adhesive
(TissuGlu®) might facilitate drainage-free wound healing
after mastectomy in a non-invasive manner. Patients and
Methods: Retrospectively, data from 84 patients (42
receiving TissuGlu®, 42 receiving a drainage) who
underwent mastectomy, were collected (90 days
postoperative follow-up). Study endpoints were defined as
the number of fluid-related postoperative clinical
interventions, cumulative volume of postoperative wound
fluid, duration of hospitalization and postoperative
complications. Results: In the entirety of postoperative
interventions, no significant difference could be
demonstrated (p=0.298). The drainage arm showed
significantly less seroma aspirations (p=0.024) and
complications (p=0.012). A significantly reduced length of
hospitalization (p<0.001) and less cumulative wound
secretion volume (p<0.001) appeared in the TissuGlu®
group. Conclusion: The polyurethane-based tissue adhesive
is a less invasive alternative to drain use in mastectomy.

With a reported incidence ranging from 3% to over 93%,
seromas are among the most frequent postoperative

complications after breast surgery (1-4). A universally
accepted definition of seroma does not exist in the current
literature nor is there a consensus on diagnosis or therapy
recommendations (4). Many hypotheses exist regarding the
pathophysiology of postoperatively formed seromas. They
appear to be the result of an inflammatory process induced
by surgery combined with leakage from intraoperatively
damaged lymphatics (5-8). The accumulation of fluids may
lead to a separation of the skin flap from the pectoral muscle
or its fascia (9, 10), filling the intraoperatively created dead
space. A large proportion of postoperatively formed seromas
resorb within one month without any intervention (2, 11).
However, approximately 15% of all seromas become a
clinically relevant problem due to pain, infections, necrosis
or dehiscence (4, 12). These complications often result in
recurrent aspirations, re-insertion of drains or surgical wound
revisions (4, 13). In addition, they may lead to a delay in the
healing of the wound, extend the duration of the postoperative
inpatient stay and may also delay the initiation of adjuvant
therapies (14-17). This leads, not only, to increased wound
care expenditure and reduced patient well-being but is also
unfavorable from a health-economic viewpoint (2, 7, 16).
Many patient characteristics (age, BMI, nicotine
consumption, comorbidities such as diabetes or arterial
hypertension), disease-specific (tumor grading or staging,
possible nodal involvement, type of tumor) or therapeutic
factors (surgical intervention - mastectomy vs. breast
conserving surgery or immediate reconstruction after
mastectomy, axillary dissection, neoadjuvant chemotherapy,
use of anticoagulant drugs such as heparin or antihormonal
therapy using tamoxifen) have been investigated regarding
their association with seroma formation in numerous studies
(10, 15, 17-20). However, only a few of these factors seem
to have a significant effect on seroma production (10).
Current therapeutic approaches to decrease postoperatively
formed seromas focus on the reduction of the dead space
between skin flaps and pectoral muscles resulting after
removal of the mammary gland. The methods evaluated for
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reduction of the dead space are numerous and range from the
application of various substrates such as tranexamic acid (21)
or fibrin sealants (22, 23) to the fixation of the skin flap to
the underlying muscle using special surgical suture
procedures (24). A more commonly used method, which has
been established for decades but is insufficiently supported
by evidence, is the application of various drainage systems
(10, 25, 26). The lack of clarity regarding the drainage
system, the removal criteria and the number of drains to be
used persists in spite of many studies (10). In addition, there
is no demonstrated superiority in the use of drains with
respect to postoperative seroma formation compared to other
methods used to minimize the dead space. Furthermore, the
use of drains is associated with pain and discomfort, longer
hospital stays and often results in postoperative complications
(9). In many studies the effect of use of various surgical
instruments (scalpel, electrocautery, ultrasound dissector) (27,
28) to open the wound cavity and remove the gland body, the
efficacy of postoperatively applied pressure bandages (29)
and postoperative immobilization (30) to reduce postoperative
seroma formation have been explored. A new possibility of
dead space reduction appears to be the use of a polyurethane-
based tissue adhesive (TissuGlu® Surgical Adhesive, Cohera
Medical, Inc., Pittsburgh, PA, USA). Promising results have
been reported in the application after abdominal wall plastic
surgery (31, 32). In addition, retrospective studies and case
reports show a potential of the adhesive for effective dead
space reduction and reduced seroma production after
mastectomy (33-35).

Patients and Methods
Eighty-four patients who were undergoing treatment in the period
from April 2008 to July 2014 due to breast carcinoma in the Breast
Center of the University Clinic of Greifswald were included in this
retrospective, single-center study. All patients included in the study
underwent mastectomy with or without axillary involvement
(Sentinel lymph node biopsy (SLNB) or Axillary lymph node
dissection (ALND)). Forty-two patients were provided with
drainage (control group) as part of the operational procedure (data
collection from April 2008 to March 2013). In 42 other women, the
intraoperative application of TissuGlu adhesive (test group) (data
collection from April 2013 to July 2014) took place instead of drain
placement. Patients did not have to meet any special inclusion
criteria like demographics or risk factors. Any patient receiving
mastectomy with or without axillary involvement was automatically
included in this retrospective trial. Perioperatively, all patients
received a single - shot prophylactic antibiotic using 1.5 g of unacid
(ampicillin/sulbactam). 

Operating procedure and postoperative follow-up. The surgical
procedure was carried out as per standard of care by experienced
surgeons of the breast center of the University Women’s Clinic. After
removal of the mammary gland, a redon suction drainage (10CH)
was used in the control group. To the extent that lymph nodes were
additionally resected within the framework of axillary lymph node

dissection (ALND), a further redon drain was placed in the axillary
cavity. The use of a second redon drain (axillary) due to extensive
resection was also deemed necessary in eight of the 21 patients who
received an SLNE in addition to mastectomy and in one of the 18
patients who received a mastectomy only. In the test group, the tissue
adhesive was applied with a specially developed applicator in linear
droplets. The application was carried out, according to the
manufacturer’s instructions, after mastectomy and careful hemostasis
on the fascia of the pectoralis major. When axillary procedures were
also indicated in patients of the test group, the tissue adhesive was
also inserted into the axillary wound cavity. Subsequent wound
closure was performed with subcutaneous (2-0 PCL, resorbable) and
continuous cutaneous (4-0 monocryl, resorbable) sutures or by
surgical staple. A compression dressing was applied and kept for 24
hours in both groups, as per the institution’s standard of care.
Postoperatively, wound monitoring and measurements of the drained
wound secretion volume were performed within the framework of
daily inpatient visits. When the 24 h drainage volume was ≤30 ml,
drains were removed. Patients were generally discharged after drain
removal. Post-discharge follow-up was performed either in the
University of Greifswald, Germany, or in practices of established
gynecologists. In addition to the local wound care and assessment of
the healing process, a sonographic assessment of the surgical area
was also performed. The frequency of outpatient follow-up was
determined by frequency and extent of complications such as
persistent hematomas or seromas. Indications for seroma aspirations
were clinically documented symptoms (pain, redness, swelling) as
well as a sonographically measurable distance between skin flap and
pectoral fascia of ≥1 cm, caused by the seroma, measured with the
patient in a prone position. A renewed inpatient stay as well as
surgical wound revisions with subsequent placement of drains were
necessary when hematomas or seroma formations were not able to
be resolved with conservative measures.

Outcome assessment. The aim of the study was to compare the
number and frequency of postoperative wound healing related
clinical interventions of both study groups. The most important
interventions included the removal or re-insertion of a drain, seroma
aspirations, wound revisions and hematoma clearance. Drain
removal was considered an “invasive procedure„ in that it was
deemed to represent the entire cycle of drain use, including
intraoperative insertion and attachment with cutaneous sutures,
permanence of the open drain wound and finally removal. In
addition, the study included the recording of the volume of
collected, drained and/or aspirated wound secretions. The duration
of hospitalization, the frequency and type of postoperative
complications (hematomas, seromas) and the correlation between
the incidence of seromas and patient-specific risk factors (age, BMI,
hyptertension, diabetes mellitus, nicotine use) were investigated for
both study populations. The retrospective analysis included a 90-
day postoperative follow-up. Statistical evaluation was performed
using SSPS. Significance measurements for continuous variables
were performed using the Mann-Whitney U-test. For discrete
variables, significance was evaluated using a chi-square test. 

Results
Eighty-four (84) patients were included in the study. Forty-
two (42) patients were treated with one or two (with SLNE
or ALND) drains (control group), and in 42 other women
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intraoperative reduction of dead space was performed by
application of the TissuGlu® adhesive (test group). The
average age of the participating patients for the control group
was 70 years (range=46-93 years) and the test group was 69
years (range=46-93 years). No statistically significant
difference in age distribution (p=0.385) was found.
Similarly, the study participants of both groups did not differ
in height (control group 161.2 cm, test group 162.5 cm,
p=0.158), weight (control group 69.7 kg, test group 71.1 kg,
p=0.724) or BMI (control group 26.9, test group 27.0,
p=0.932). In addition, 61.9% of the control group was
affected by arterial hypertension vs. 59.5% of the test group
(p=0.823). The proportion of diabetics (28.6% vs. 23.8%,
p=0.620) and smokers (14.3% vs. 9.5%, p=0.500) was
somewhat higher in the control group compared to the test
group, but without a significant difference. A simple
mastectomy without lymph node dissection was performed
in 42.9% (n=18) of women of the control group and 47.6%
(n=20) of the women in the test group. In 50% (n=21) of
patients in both study groups, a sentinel lymph node biopsy
(SLNE) was performed. In the control group, 7.1% (n=3) of
the subjects, in the test group 2.4% (n=1) of the women
received a complete axillary lymph node clearance (ALNE)
in addition to the mastectomy. Statistically significant
differences between groups were found neither for the
volume of resected tissue (control group 1,187.5 cm3, test
group 1,137.1 cm3, p=0.876) nor for its weight (control
group 551.1 g, test group 546.1 g, p=0.823). All the patient-
specific characteristics recorded are listed in Table I. The
number of clinical interventions for fluid management was
compared between groups. Fewer overall clinical

interventions related to fluid management per patient were
observed in the test group compared to the control group
(1.4±1.9 vs. 1.8±1.1, p=0.298). While in the control group
all patients required a clinical intervention (n=42, 100%) in
the test group about half of the patients needed an
intervention due to fluid accumulation (n=22, 52.4%). In the
control group 12 patients (28.6%) had a clinically relevant fluid
accumulation after drain removal, with 11 of these (26.2%)
requiring aspirations. In the test group where drains were not
used, 23 patients (54.8%) developed a seroma, with 22 of these
(52.4%) beeing clinically relevant and therefore receiving an
aspiration. The difference of seroma formation (p=0.026) and
fluid aspirations (p=0.025) in both groups was statistically
significant. Patients in the control group required an average
of 0.5 aspirations per patient after drain removal vs. 1.3 in the
test group (p=0.024). Further on, aspirated fluid volume was
lower in the control group (71.8 ml vs. 180.1 ml, p=0.066).
Although, in the test group, a significantly lower mean
cumulative wound fluid volume (drainage + aspiration volume)
was observed (180±331 ml vs. 600±465 ml, p<0.001). 

The study also investigated relationships between patient-
specific risk factors and therapeutic measures. No
statistically significant correlations were found between age
(p=0.429), body height (p=0.813) or BMI (p=0.056) with
regard to seroma formation. However, a significant
difference in seroma formation as a function of the body
weight could be shown for both groups (p=0.030). The
higher the body weight, the more likely the postoperative
seroma formation. There was no significant correlation with
regard to postoperative seroma formation in the other
investigated comorbidities (nicotine abuse (p=0.920),
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Table I. Patient and operation characteristics.

Characteristics                                                 Drainage (Control arm)         TissuGlu (Test arm)      Drainage + TissuGlu                   p-Value 
                                                                                        n=42                                     n=42                                 n=84                    (Drainage vs. TissuGlu)
                                                                                                                                                                                                                              
Age (y)                                                                           70.81                                    69.24                                70.02                                  0.385
Weight (kg)                                                                     69.79                                    71.19                                70.49                                  0.724
Height (cm)                                                                   161.29                                  162.50                              161.89                                 0.158
BMI                                                                                26.95                                    27.03                                26.99                                  0.932
                                                                                                                                                                                                                         

Hypertonus (%)                                                           26 (61.9)                              25 (59.5)                          51 (60.7)                               0.823
Diabetes mellitus (%)                                                 12 (28.6)                              10 (23.8)                          22 (26.2)                               0.620
Smoking (%)                                                                6 (14.3)                                 4 (9.5)                            10 (11.9)                               0.500
                                                                                                                                                                                                                         

Typ of operation (%)                                                                                                                                                                                        
Mastectomy                                                                 18 (42.9)                              20 (47.6)                          38 (45.2)                                    
Sentinel lymph node dissection (SLND)                    21 (50)                                 21 (50)                             42 (50)                                     
Axillary lymph node dissection (ALND)                    3 (7.1)                                  1 (2.4)                              4 (4.8)                                      
                                                                                                                                                                                                                         

Volume of resected tissue (cm3)                           1187.55±757.65                   1137.15±551.03               1162.35±658.93                          0.876
Weight of resected tissue (g)                                 551.13±332.88                     546.15±261.93                 546.15±297.29                          0.823



hypertonus (p=0.381) or diabetes mellitus (p=0.885)). The
resected tissue of patients who postoperatively developed a
seroma was in average significantly higher in weight
(651.21±324.12 g vs. 470.10±261.99 g, p=0.008) and in
volume (1370.24±703.85 cm3 vs. 1010.56±604.40 cm3,
p=0.017) than the tissue of patients without seroma
formation. The average weight of resected tissue in this
study was 546.15±297.29 g and the average volume was
1162.35±658.93 g. 

Other endpoints related to drainage management and
hospitalization. An average drainage volume of 541.3±393
ml was determined for the control group vs. 0 ml for the test
group. Axillary drains were removed on average after 5.7
days (range=3-12 days). Thoracic (breast) drains were
removed on average after 4.5 days (range=2-8 days). A
statistically significant reduction in the duration of
hospitalization was observed after application of the
TissuGlu® tissue adhesive. Patients of the test arm were
discharged from hospital after an average of 3.5±1.3 days
whereas the mean patient stay for the control group was
5.5±2.1 days, (p<0.001). A second inpatient stay related to
persistent hematoma, requiring surgical wound revision and
a subsequent drain placement, was necessary in one patient
of the test group. None of the patients participating in the
study showed signs of local wound infection in the
postoperative course. Recorded clinical endpoints are
summarized in Table II.

Discussion

The results of this retrospective study show the potential of
using TissuGlu® for flap adhesion. The implementation of
the adhesive does not only lead to an overall less invasive
procedure of wound fluid management for mastectomy
patients with improved patient comfort but also to earlier
discharge. Nevertheless, higher rates of postoperative fluid
accumulation with higher seroma volume and the
consecutive need for fluid aspiration could be seen in the
adhesive group compared to the drain group so that the
invasiveness of drain usage is partially compensated by an
increased frequency of fluid aspirations in the adhesive
group. These results are consistent with and build on
previous evidence indicating the potential of flap adhesion
with TissuGlu® (32, 36). Eichler et al. were the first to
publish a report on the use of the adhesive in mastectomy
to successfully resolve a recurring seroma in a high-risk
patient (34). They then compared a series of 32 mastectomy
patients with TissuGlu® use and drains performed in 2013
with a retrospective control group of 173 patients who had
standard wound closure. They did not find a significant
difference in seroma formation but were able to show a
significantly reduced time to drain removal (4.2 days control

group vs. 3.5 in the test group, p<0.05), a significantly
lower rate of superficial hematoma (17% of the control
group versus 3% in the test group, p<0.05) and lower rate
of major complications requiring rehospitalization and/or
revision (6.9% to 0%, ns), all suggesting that the adhesive
had a useful effect in closing the dead space (35). The same
group followed up with a small series report exploring the
possibility/feasibility of eliminating drain use in mastectomy
patients (33). Interest in drain-free plastic surgery
procedures has increased in recent years. Hunstad et al.
demonstrated that drain-free abdominoplasty is feasible in
select patients using TissuGlu® for flap adhesion (31), while
others have reported similar results with quilting sutures
(24). Use of the adhesive does require attention to
intraoperative as well as postoperative factors. Insufficient
immobilization of the operative area and inadvertently
renewed lifting of the skin flap, for example, during the
closure of the wound can result in disruption of the adhesive
droplets during the approximately 45 min curing time. In
order to ensure adequate effectiveness of the adhesive, light
pressure should be applied to the area after application and
any movement of the flap during the rest of the closure
should be avoided. The application of a compression
bandage is recommended before the patient is moved from
the operating table. A significantly reduced cumulative
volume of wound fluid formed in the test group shows the
potential of the adhesive in terms of reduction of dead
space. In addition, the increased cumulative volume
detected in the control group can be interpreted as a possible
consequence of a stimulus which promotes the secretion of
the wound by the drain itself. The fact that elimination of
drain use can cause up to 40% reduction in the seroma
volume formed during the postoperative course, is
demonstrated by a study carried out by Taylor et al. (37).
Stehbens also pointed out that suction drains may actually
suck air into the wound, potentially contributing to seroma
formation and delayed wound healing (38). In the present
study, an association between reduced postoperative
hematoma formation and the use of TissuGlu® was
suggested. Similar results were presented by Eichler et al.
in their previously cited study (35). While no hemostatic
properties for the adhesive are suggested, it could be
hypothesized that fixation of the flap and the resulting
reduced movement or friction between the tissue planes
could explain these observations. Our results indicate that
the length of the hospital stay can be significantly reduced
by using the tissue adhesive. While earlier return to daily
routine such as showering promotes the patient’s sense of
well-being, an important but difficult to quantify benefit, an
earlier hospital discharge is of measurable relevance to the
health economy, possibly leading to an overall reduction of
patient-related treatment costs. Regarding possible factors
influencing postoperative seroma production, we were able
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to identify an association between body weight and
increasing seroma rates. Other authors have made similar
observations (2, 15). We also showed that both volume and
mass of the removed tissue are predictive factors for
postoperative seroma formation. This seems to be due to the
direct causality between resected volume and dead space.
Similar findings were obtained by Zielinski et al. in a
prospective study (20). Baker et al. could not establish a
correlation between weight of the resected tissue and
seroma formation (9). In contrast to Sforza et al. (39) we
could not demonstrate any clear evidence for a correlation
between seroma formation and the BMI or the nicotine
consumption of the patients. Our results are in agreement
with those described by Baker et al. (9). Nor did we find
any indications for a correlation between age or height and
postoperative seroma formation. Similar conclusions were
drawn by Sforza et al. (39). Other studies have shown a
correlation (1, 20). According to our analyses, comorbidities
such as diabetes mellitus or arterial hypertension appear to

be unrelated to an increased rate of postoperative seroma
formation. Other studies have shown opposite results (20).
Like Say et al., we did not find that a pronounced nicotine
consumption increases the incidence of postoperative
seroma formation but we assume that this relationship was
not detectable in our study due to the low number of
smokers (40). In addition, we noted that patients with a
shorter duration of hospital stay were more likely to require
aspirations than is the case with longer hospital stays. This
association may be related to the fact that in the context of
this study, patients without drains were on average released
earlier and also required more aspirations. 

In conclusion, in this retrospective study, we were able to
show that the tissue adhesive without drain placement has a
potential for reducing the volume of the space with a
consequent reduction in postoperatively formed wound
secretion volume. Some patients without drains however will
require aspirations. Clear advantages from the use of the glue
result from the reduction of the length of hospital stay. An
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Table II. Primary and secondary endpoints.

Postoperative complications                                           Drainage (Control arm)    TissuGlu (Test arm)   Drainage + TissuGlu                 p-Value 
and Interventions                                                                          n=42                                n=42                            n=84                (Drainage vs. TissuGlu)

Mean interventions                                                                     1.8±1.1                            1.4±1.9                                                               0.298
                                                                                                                                                                                                                        

Mean minor complikations at all                                               1.2±2.4                           3.0± 3.8                                                                0.012
Hematoma (%)                                                                            4 (9.5)                             3 (7.1)                          7 (8.3)                              0.693
Seroma (%)                                                                                12 (28.6)                         23 (54.8)                     35 (41.7)                            0.026
Aspirated seroma (%)                                                               11 (26.2)                         22 (52.4)                     33 (39.3)                            0.025
Mean number of aspirations                                                     0.5±1.2                            1.3±1.9                                                                0.024
Aspirated volume (ml)                                                              71.8±181                        180.1±331                                                              0.066
Cumulated volume (ml)                                                           600.2±465                      180.6±331                                                             <0.001
                                                                                                                                                                                                                        

Drainage management and duration                               Drainage (Control arm)    TissuGlu (Test arm)   Drainage + TissuGlu           p(Drainage vs. 
of hospitalization                                                                          n=42                                n=42                            n=84                            TissuGlu)

Mean number of inserted drainages                                          1.2±0.4                                 0                                  52                                <0.001
Average drainage volume (ml)                                                541.3±393                              0                                                                    <0.001
Average time until reomoval thoracic drains (days)                    4.5                                                                                                              
Average time until reomoval axillary drains (days)                     5.7                                                                                                              
                                                                                                                                                                                                                        

Average hospitalization duration (days)                                    5.5±2.1                            3.5±1.3                        4.5±2.0                            <0.001
                                                                                                                                                                                                                        

Postoperative complications and                                    Drainage (Control arm)    TissuGlu (Test arm)   Drainage + TissuGlu           p(Drainage vs. 
patients characteristics                                                                 n=42                                n=42                            n=84                            TissuGlu)

Smoker with seroma                                                                       2                                        2                                   4                                 0.920
Non-smoker with seroma                                                             10                                      20                                 30                                      

                                                                                                                                                                                                                        
Hypertonus with seroma                                                                 8                                      12                                 20                                 0.885
No hypertonus with seroma                                                            4                                      10                                 14                                      

                                                                                                                                                                                                                        
Diabetes with seroma                                                                      8                                        3                                   7                                 0.381
No diabetes with seroma                                                                4                                      19                                 27                                      



early release not only promotes the accelerated recovery of
patients through more rapid integration into normal everyday
life but is also of economic importance. To further evaluate
the reduction of postoperative complications and
interventions as well as clinical benefit of the glue,
prospective studies are encouraged.
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