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Abstract: Background: Reduction mammaplasty is a common, elective, and safe opera-
tion, usually executed in healthy patients. Nonetheless, postoperative complications like
bleeding and seroma formation can occur and significantly complicate the postoperative
course. Tranexamic acid (TXA), a commonly used antifibrinolytic drug, offers a novel
approach to reduce these complications. This study aims to evaluate its effect on the rate of
postoperative bleeding, drainage volume, length of hospital stay, and other postoperative
complications in patients undergoing reduction mammaplasty. Method: A retrospective
study on all patients undergoing reduction mammaplasty at the Department of Plastic, Re-
constructive, and Aesthetic Surgery EOC between 2015 and 2022 was conducted. Patients
were divided into the TXA group receiving systemic TXA for 48 h and the control group
not receiving any TXA. All data were analyzed using nonparametric formulas. Results: A
total of 209 breasts were included in the study, with 138 cases in the control group and 71 in
the TXA group. Three cases requiring revision surgery due to bleeding were observed in
the control group, whereas none were observed in the TXA group. Total drainage volume
was significantly reduced in the TXA group compared to the control group (TXA: 41.6 mL
vs. control: 53.8 mL; p = 0.012), resulting in a significant reduction in length of hospital stay
(TXA: 1.6 days vs. control: 2.2 days; p = 0.0001). Conclusions: TXA is a well-tolerated drug
that significantly reduces postoperative bleeding and drainage volume, resulting in earlier
drain removal and reduced length of hospital stay. TXA should, therefore, be widely used
in plastic surgery, especially as trends in healthcare systems necessitate more outpatient
procedures and quicker postoperative recovery.

Keywords: reduction mammaplasty; breast reduction; tranexamic acid; drainage; postoper-
ative complications
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1. Introduction

Reduction mammaplasty, a highly effective and safe surgery usually performed on
otherwise healthy patients, is the procedure of choice to treat macromastia, a condition
characterized by hypertrophy of the glandular tissue in the breast. Macromastia poses a
significant burden to the affected patients due to the constant physiological and psychoso-
cial distress it can cause [1-5]. Despite the development of numerous techniques designed
to reduce breast size while preserving the shape, sensation, and lactation function of the
breast, postoperative complications are still a frequent problem. They include, among
others, bleeding requiring revision surgery and seroma formation with an incidence of
approximately 1.0-9.3% and 1.0-3.0%, respectively [6-8].

While seroma formation and dehiscence not requiring surgical revision are considered
minor complications after reduction mammaplasty, they may evolve into major complica-
tions such as deep infections, bleeding, and necrosis of the nipple—areolar-complex (NAC)
requiring surgical revision [9], resulting in a longer postoperative recovery time and even-
tually impaired aesthetic result [10]. Given the elective nature of the procedure and the
potential risk of complications, it remains crucial to identify risk factors and develop new
pharmacological or surgical strategies to reduce these adverse events.

The current literature, however, offers only limited evidence for risk factors and
prevention of bleeding requiring revision surgery in reduction mammaplasty. While poor
control of postoperative hypertensive spikes is an established risk factor with a statistically
significant correlation to hematoma formation, the role of intraoperative hypotension has
recently become controversial [6,11]. Furthermore, Stanek et al. also challenged the long-
held belief on the role of ketorolac, a cyclooxygenase 1 and 2 (COX1 and COX2) blocker
known under the name of Toradol, demonstrating its role as an anti-aggregating drug when
administered perioperatively mainly to treat pain [11]. However, a consensus is yet to be
found on the association between age and hematoma rate due to different results published
over the years [6,11,12]. Other factors known to be associated with the most common
complications for reduction mammaplasty, like body mass index (BMI), diabetes, previous
radiotherapy, smoking, resection weight, and surgical technique, have not been shown to
be statistically related to the development of bleeding requiring revision surgery [11,12].
More specifically, the placement of postoperative drains was also analyzed as a risk factor
for bleeding but has not been shown to play a statistically significant role in predicting the
development of hematomas [6].

Additionally, regarding risk factors for seroma, the current literature is rather scarce.
Since there is no clear definition of seroma, results across different studies may vary and, at
times, contradict each other. However, current scientific evidence suggests BMI, age over
50 years, amount of tissue resected, secondary surgery, and type of reduction mammaplasty
as potential risk factors for increased drainage output and seroma formation [13-16].

Tranexamic acid (TXA), a common antifibrinolytic drug, poses a potential novel ap-
proach to reducing postoperative complications. Multiple studies have already established
the ability of TXA to significantly reduce blood loss in different clinical settings, from
major trauma to post-partum bleeding and menorrhagia, as well as orthopedic and cardiac
surgery [17-22]. However, its effect on drainage volume and seroma incidence has not
been investigated as extensively and is becoming increasingly important, especially given
the increasing use of TXA in plastic surgery.

TXA is a synthetic analog of the amino acid lysine and exhibits both antifibrinolytic and
anti-inflammatory properties. The antifibrinolytic effect relies on its ability to hinder the ac-
tivation of plasminogen into plasmin by blocking its lysine-binding site, thus inhibiting the
proteolytic degradation of fibrin clots [23]. Additionally, it is also a direct inhibitor of plas-
min [24]. The anti-inflammatory effect of TXA is believed to work through multiple mecha-
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nisms, among others, by inhibiting the proteolytic effect of plasmin, which degrades fibrin
and causes the generation of pro-inflammatory fibrin fragments [25]. Moreover, TXA has
been shown to reduce several pro-inflammatory cytokines including IL-10 [26], IL-6 [27-29],
and TNF« [27,28,30]. Thus, by suppressing these pathways and inhibiting their peripheral
effects, TXA is believed to reduce drainage and postoperative complications.

Although TXA is a commonly used drug, its administration in plastic surgery still
presents an off-label use. Thus, many surgeons face the concern of increasing throm-
boembolic risk. Previous studies have shown, however, that TXA does not increase the
risk of thromboembolic events if administered in dosages comparable to that used in this
study and respecting the given contraindications, i.e., preexisting allergy to TXA, previous
thromboembolic events, and active thromboembolic disease [31,32].

Since many benefits have been experienced using TXA for other indications in surgery,
a specific TXA regimen has been implemented in our department since July 2020 for
patients undergoing reduction mammaplasty consisting of a specific protocol lasting for
48 h aimed at reducing the incidence of postoperative bleeding requiring revision surgery
and seroma-formation.

As the initial observation in patients undergoing reduction mammaplasty and receiv-
ing TXA systemically was promising and the scientific evidence was scarce at that time, a
retrospective analysis was conducted to assess the exact effects of TXA in these patients.

The aim of this study is to evaluate the effects of TXA on the incidence of bleeding
requiring revision surgery in patients undergoing reduction mammaplasty. The secondary
outcomes were the total drainage volume, the time until drain removal, the rate of seroma
formation, and wound dehiscence.

2. Materials and Methods

A mono-centric retrospective study has been conducted in our department, including
157 patients undergoing unilateral or bilateral reduction mammaplasty between October
2015 and October 2021. This study was conducted according to the STROBE guidelines
and in accordance with the Declaration of Helsinki. All patients signed a written consent to
participate in the study.

This study was approved by the local ethics committee with the BASEC number
2021-01918.

Any consenting patient above the age of 16 undergoing primary uni- or bilateral
reduction mammaplasty in the mentioned time period was included in the study. No age
limit was set. The age range varied between 16 and 87 years old.

The exclusion criteria were pregnancy and known coagulopathies. Patients who
presented with contraindications for TXA, such as hypersensitivity reactions to TXA in the
past, positive medical history for seizures, or past thromboembolic events, were included
in the control group.

In oncologic patients undergoing bilateral surgery, only the unaffected side was in-
cluded to avoid the influence of potential lymph node surgery on the total drainage volume.

Patients were divided into TXA and control group. The case group included 71 breasts
that were operated on after July 2020 and received TXA as per the mentioned change in
regimen according to the following protocol: 1 gi.v./8 h for the first24 hand 1 g p.o./8 h
for the next 24 h. The first dose was administered intraoperatively by the anesthesiologist
at the beginning of the operation. After a total of 48 h, drug administration was suspended.
The control group included 138 breasts that were operated on mainly before July 2020 and
did not receive TXA.

The surgeries were consistently performed by the same four senior surgeons. The
NAC-carrying pedicles were sculpted according to different techniques depending on
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the preoperative conformation of the breast, including volume and ptosis. Hemostasis
was achieved after reaching a mean arterial pressure of at least 75 mmHg corresponding
to a normotensive range and checked bilaterally by the leading surgeon. In each breast,
a 10-French drainage tube was placed in active aspiration. No compressive dressing or
garments were positioned prior to hospital discharge. Postoperative pain was managed
with the administration of paracetamol, ibuprofen, metamizole sodium, and eventually
morphine. Ketorolac was not administered perioperatively.

During the postoperative phase, daily drainage volume and quality were collected
at 6:30 AM by the ward nurses and checked by a resident doctor before 7:30 AM, as per
standard postoperative protocol. Drains were removed when fluid production was less
than or equal to 20 mL/24 h. After discharge, the outpatient visits were programmed on
days 7-10 and a second visit between days 14 and 21. Data from further controls were not
included because the aim of this study did not include analysis of later complications.

Thirteen variables were collected and analyzed for all patients to ensure the compara-
bility between the two groups: age at time of surgery, BMI, history of type 2 diabetes melli-
tus (DM2), history of arterial hypertension, active smoking at time of surgery, hemoglobin,
platelet count, international normalized ratio (INR), activated partial thromboplastin time
(aPTT), use of antiaggregant and anticoagulant drugs prior to the surgery, as well as history
of prior chemo- and radiotherapy were collected from the past medical history (Table 1).

Table 1. Patient Characteristics.

Variables Control TXA p-Value
Age (years) ? 55.2(15.7) 523 (16.5) 0.210°¢
BMI (kg/m?) 2 26.5 (5.8) 27.5 (5.6) 0.201 ¢
History of DM2 P 6 (4.3) 2(2.8) 0.585 4
History of arterial hypertension b 27 (19.6) 12 (26.9) 0.640
Active smoking ® 35 (25.5) 24 (33.8) 0.2104
Haemoglobin (mg/dL) ? 134.0 (11.4) 133.2(15.2) 0.685°¢
Platelet count (mcL) @ 274.7 (69.3) 268.4 (60.9) 0.572°¢
INR® 0.9 (0.1) 1(0.1) 0.012 ¢
aPTT 2 30.7 (4.5) 29.7 (3.7) 0.198 ©
Anti-aggregant drugs (suspended preoperatively) P 10 (7.2) 5(7) 0.957 4
Anticoagulant drugs (suspended preoperatively) ® 4 (3) 0(0) 0.268 4
History of radiotherapy P 7(5.1) 1(1.4) 0.191 4
Prior neoadjuvant chemotherapy b 14 (10.1) 9 (12.7) 0.580

2 Mean (SD), ® N (%), © t-test, 4 Chi?-test.

The primary outcome of this study was the incidence of early bleeding requiring
revisional surgery. The secondary outcomes were total drainage volume, time until drain
removal, incidence of seroma formation, and wound dehiscence. Patient characteristics
were categorized as either numeric or continuous variables. Numeric data with normal
distributions were summarized using mean and standard deviation. Non-normally dis-
tributed numeric data or categorical data were described with frequencies and percentages.
Categorical data were compared using chi-squared tests for large samples or Fisher’s
exact test for small samples. For continuous data, parametric t-tests for normally dis-
tributed data and nonparametric Mann-Whitney U tests for non-normally distributed data
were used. Results for continuous variables are presented as mean with corresponding
95% confidence intervals.

All statistical tests were performed two-sided, and p-value < 0.05 was considered
statistically significant. Statistical analysis was performed using Stata version 17.0 software
(StataCorp LP, College Station, TX, USA).
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3. Results

A total of 157 patients underwent a total of 240 reduction mammaplasties. Of these,
31 breasts were excluded according to the previously defined criteria or due to incomplete
data or patient dropout, resulting in a total of 209 breasts enrolled in the study, with
138 cases in the control group and 71 cases in the TXA group. Of the 138 cases in the control
group, 88 were bilateral and 50 were unilateral cases. Of the 71 cases in the TXA group,
54 were bilateral and 17 were unilateral cases.

Descriptive and comparative statistical analysis of the two groups did not show statis-
tically significant differences, and the groups were thus defined as comparable (Table 1).

No cases of bleeding requiring surgery were recorded in the TXA group (TXA group:
0% vs. control group: 2.3%). Although clinically relevant, this reduction did not reach
statistical significance (p = 0.211).

Total drainage volume was significantly reduced by 22% in the TXA group compared
to the control group (TXA group: 41.6 mL vs. control group: 53.8 mL; p = 0.012). A major
reduction between 24 and 48 h after surgery was observed with a decrease of 23% (TXA
group: 15.6 mL vs. control group: 20.5 mL; p = 0.013). In the first 24 h following surgery,
a decrease of 17% in drainage volume was observed in the TXA group but did not reach
statistical significance (TXA group: 21.6 mL vs. control group: 26.2 mL; p = 0.069).

Reduction of total drainage volume resulted in a significantly earlier drain removal by
0.6 days in patients administered TXA compared to the control group (TXA group: 1.6 days
vs. control group: 2.2 days; p = 0.0001) (Table 2).

Table 2. Outcome data of primary and secondary endpoints.

Variables Control TXA p-Value
Bleeding requiring surgical revision (%) 2.3 0.0 0.2112
Total drainage volume (mL) 53.8 41.6 0.012°
Drainage volume after 24 h (mL) 26.2 21.6 0.069 P
Drainage volume between 24 and 48 h (mL) 20.5 15.6 0.013"
Length of hospital stay (days) 22 1.6 0.0001 ?
Seroma (%) 0.7 0.0 04722
Wound dehiscence (%) 3.6 5.6 0.498 @

a Chi?-test, P Mann-Whitney U-test.

The incidence of wound dehiscence in the TXA group was slightly increased compared
to the control group (5.6% vs. 3.6%) without reaching statistical significance. Seroma for-
mation was marginally reduced in the TXA group without reaching statistical significance
(0.00/0 VS. 0.70/0).

Besides the common side effects of TXA (headache and nausea), no clinically observ-
able thromboembolic events or other complications related to drug administration that
necessitated interruption of TXA were observed throughout the entire follow-up period.

4. Discussion

Tranexamic acid (TXA), a common antifibrinolytic drug, is a synthetic analog of the
amino acid lysine, which exhibits both antifibrinolytic and anti-inflammatory properties.
These become significant in the post-traumatic acute phase of inflammation, such as seen
after surgery, where different pathways contribute to fluid accumulation and edema in soft
tissues [33,34].

This study showed that the applied 48 h TXA protocol significantly reduced postop-
erative drainage volume and, eventually, length of hospital stay in patients undergoing
reduction mammaplasty. The most significant reduction in drainage volume occurred
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between 24 and 48 h following surgery, leading us to believe that the length of the protocol
might also play a crucial role in reducing drainage volume, potentially through a prolonged
inhibition of the inflammatory pathways reached by systemic administration of the drug.

This reduction in drainage volume translates into earlier removal of surgical drains
and, thus, a shorter hospital stay. Accordingly, a significant reduction in the length of
hospital stay by almost a day (0.6 days) was observed in the TXA group, with a mean
of approximately 1.5 days. This results in a major impact, both on patient comfort and
socioeconomic burden. Furthermore, earlier drain removal may reduce the elevated risk
for complications that are related to remaining drains, such as pain, infection, and infection-
related complications [35-37].

Regarding bleeding requiring revision surgery, no significant reduction was shown
in the TXA group. We assume that this is due to two things. Firstly, the untreated group
was associated with a rather low incidence of 2% of bleeding requiring surgical revision.
Accordingly, a much larger patient group would have been needed to show the potential
effect of TXA in postoperative bleeding prevention. Secondly, we believe that TXA is
particularly efficient in avoiding bleeding that results from diffuse oozing, such as in
patients in a hyperfibrinolytic state after trauma or cardiac surgery rather than from a single
bleeding vessel [38,39].

Although no thromboembolic events were observed throughout the entire follow-up
period, and previous studies have not shown an increase in the risk of thromboembolic
events if administered in dosages comparable to that used in this study and respecting the
given contraindications [31,32], further prospective trials are necessary to demonstrate the
safety of TXA for this specific purpose.

As previously stated, multiple randomized studies have already established the im-
portance of TXA administration to control excessive blood loss in the fields of traumatology,
cardiac surgery, orthopedics, and gynecology [17-22]. In recent years, however, the plastic
surgery community has shown an increasing interest in studying its administration in cases
of soft tissue surgery, leading to an important increase in scientific evidence. Unfortunately,
results were inconsistent regarding the reduction of postoperative bleeding and the forma-
tion of seromas. This may be due to the variability in the incidence of bleeding requiring
revision surgery and due to some limitations in the studies, including the comparison of
different administration protocols (i.e., dosage [40—45], systemic administration [40,42-46],
topical application [41,46—48], or both [46,49,50]) or comparison of its effectiveness in dif-
ferent surgical procedures (i.e., mastectomy [40,43—45,47], reduction mammaplasty [41,46],
lumpectomy [45], liposuction [49,50], and panniculectomy [48]).

In 2022, Calpin et al. published a meta-analysis, including a total of seven articles.
The authors could thereby demonstrate that the incidence of postoperative hematoma was
significantly lower in the groups that were administered TXA [31]. In 2023, Liechti et al.
published another meta-analysis including five studies. Here, the authors were able to
demonstrate a reduction in postoperative hematoma and seroma formation [32].

Although the results of both studies seem sound, we believe that the major limitation
of these meta-analyses is based on the fact that many different types of breast procedures
that yield different types of surgeries and eventually postoperative wounds have been
compared, including reduction mammaplasty, breast-conserving surgery, modified radical
mastectomy, and axillary lymph node dissection. Furthermore, it is striking to see a rather
high rate of postoperative hematoma in both control and TXA groups of the publications
discussed in the meta-analyses, compared to the one demonstrated by this study and those
reported in other publications [7].

Conversely, only some months later, Weissler et al. published their results on the
administration of TXA in reduction mammaplasty, concluding that TXA administration
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does not impact either postoperative bleeding or seroma formation but that it may reduce
tissue inflammation. However, Weissler et al. compared different protocols of TXA admin-
istration (i.v. (1 g at the start of closure of the surgical wounds), topical (3 g in 75 mL of
NaCl 0.9% directly onto the tissue and retrogradely through the drain following closure
of the surgical wounds), and a combination of both) which were not implemented in a
standardized manner but depended on the surgeons’ preference, thus making the study
rather vulnerable to selection bias [46].

To overcome some of these limitations and to best reduce the possibility of confounding
factors, only one protocol of combined i.v. and p.o. TXA administration was analyzed. This
included, firstly, the type of breast surgery to be considered, which was always performed
by the same surgeons (i.e., 4 senior surgeons), resulting in a similar type of postoperative
wound and applied dressings. Secondly, the 48-h protocol of combined intravenous and
per os administration of TXA was defined based on the literature available at that time [51],
knowing that no consensus existed regarding dosage and duration of administration.
TXA doses were respected to avoid possible neurological complications such as those
demonstrated in other papers [52-54]. Nevertheless, this study could demonstrate that
this 48-h protocol resulted in a significant reduction in postoperative drainage volume
and, thus, earlier discharge from the hospital. The positive results presented in this
study support the use of TXA in reduction mammaplasty and should prompt further
investigation into different modes of administration, including whether a single topical
administration leads to similar results or if a prolonged systemic protocol can reduce
postoperative drainage volume even further. The combination of both topical and systemic
application presents another promising regimen. Accordingly, one should also question
the use of drains in reduction mammaplasty altogether, particularly if performed as a
standalone procedure and not as an accompanying procedure to breast cancer surgery. In
doing so, one could more easily offer the surgery as an outpatient procedure, which could
facilitate the reimbursement policies in some countries like Switzerland or Germany for
patients with symptomatic breast hypertrophy.

A major strength of this study is the collection and identification of various patient-
related variables with the potential to influence the primary outcome of early postoperative
bleeding requiring revision surgery. Analysis of these variables showed that there were no
statistically significant differences between the two groups and demonstrated a relatively
equal distribution and variance across the patient cohort.

This study has several limitations inherent to its retrospective design, including the
potential for selection bias and confounding factors. To minimize these risks, all patients
were drawn from the same cohort according to the previously mentioned criteria and
received uniform treatment protocols. Furthermore, statistical adjustments were applied
to account for potential confounders, though residual confounding cannot be entirely
ruled out. Further prospective trials are needed for this specific purpose. In addition to
these inherent limitations, this study presented a certain limitation regarding the type of
drainage volume collection. Samples were evaluated every day with regard to volume
and quality of output and recorded daily, identifying the fluid as haematic, sero-haematic,
or serous for reference. However, no differentiation was made regarding the origin of
the fluid output recorded. This poses a certain limitation as drainage volume is not
purely haematic but also serous in nature, with the ratio of blood to serum differing each
postoperative day and most bleeding occurring in the early postoperative days. This
subjectivity leaves room for inaccurate blood loss quantification. However, this did not
affect the registration of the primary outcome (postoperative bleeding) since this is defined
as a major postoperative complication and necessitates further revision surgery. In a future
study, laboratory analysis of the drainage fluid may be considered to precisely determine
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exact blood loss and better understand the role of TXA with regards to its antifibrinolytic
or anti-inflammatory properties.

Furthermore, a subset of the patients was diagnosed with breast cancer and, therefore,
were operated on one side for oncoplastic purposes, with the contralateral breast under-
going a reduction mammaplasty to achieve symmetry. Breasts that underwent reduction
mammaplasties in these patients were still included and contributed to about 21% of both
the treatment and control groups. It is unclear to what extent the pro-coagulative state of
these patients may have affected their blood loss. However, it is important to note that
previous research demonstrates no significant difference in postoperative bleeding between
patients receiving TXA in the context of cancer surgery and those undergoing cosmetic
surgery [31].

Lastly, it needs to be mentioned that four senior consultants performed all the surgeries.
Accordingly, and despite the same surgical school, a certain bias may exist with regard to
postoperative bleeding and oozing due to intraoperative variability. However, this limita-
tion is mitigated by the strongly standardized techniques and postoperative procedures
used in our department regarding reduction mammaplasty, hemostasis, surgical technique,
and surgical time, thus rendering the different operations comparable nonetheless.

5. Conclusions

In conclusion, TXA is a well-tolerated drug with a good safety profile that significantly
reduces post-surgical drainage volumes following reduction mammaplasty. This results in
earlier drain removal and reduced length of hospital stay, and thus allows for a safer, faster,
and more efficient recovery process postoperatively.

As seen from the results of other studies in centers with a higher rate of postoperative
bleeding requiring revision surgery, the administration of TXA—be it topically, systemically,
or both—can help control postoperative bleeding but should always be a supportive
measure to the surgeon rather than presenting an alternative to well-executed surgery and
hemostatic technique.

Given its safety profile and the important benefits for the patient, TXA should be
widely used in plastic surgery, especially as trends in healthcare systems require physicians
to promote outpatient procedures and quick postoperative recovery.
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