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Abstract

Objective: To evaluate whether the application of polysaccharide hemostatic agent during breast conservative surgery affects

the perioperative period. Design: Randomized, masked, single-center study Setting: Breast-care unit, at the Medical University

of Vienna Population: Pre- and postmenopausal women affected by intraductal or invasive breast cancer, undergoing breast

conservative surgery. Methods: Women were randomly assigned polysaccharide hemostatic agent or not, intraoperatively. Main

outcome measures: Primary outcome was the total volume of postoperative drained fluid from the surgical site. Secondary

outcomes were number of days until drain removal, rate of immediate postoperative surgical site infection, and total volume of

postoperative drained fluid from the surgical site. Results: Patients in the intervention group had significantly higher drainage

output volumes compared to the control group 85ml (IQR 46.25-110) vs. 50ml (IQR 30-75), respectively; (p=0.003). A

univariable linear regression analyses, showed a significant association between the surgical specimen and the primary outcome

(p<0.001). After multivariable analysis, the use of absorbable polysaccharide hemostatic product was no longer significantly

associated with a higher drainage output and only the size of the surgical specimen remained a significant predictor. The number

of days until drainage removal and the postoperative seroma formation were higher in the intervention group, (p=0.004) and

(p=0.003), respectively. Conclusion:In our study, intraoperative application of polysaccharide hemostatic agent during breast-

conserving surgery did not decrease postoperative fluid production.Only the size of the surgical specimen was significantly

associated with postoperative drainage volume. Tweetable abstract:Intraoperative polysaccharide hemostatic does not reduce

the volume of postoperative fluid drained after breast conservative surgery

Introduction

Quadrantectomy followed by radiotherapy represents the standard treatment for the vast majority of early
breast cancer cases, with comparable survival rates as mastectomy, but with shorter operating time, re-
duced blood loss, a more appropriate cosmetic outcome and thus higher quality of life 1,2. Postoperative
complications like bleeding, wound site infection or seroma formation are however still sources for morbidity
and are associated with hospital readmission and high health care costs 3–5. During surgery, a delicate
balance between bleeding and clotting has to be reached, in order to maintain tissue perfusion and to avoid
postoperative bleeding, infections or tissues necrosis6. Studies conducted on the murine model have shown
neoangiogenesis and fibrosis in the wound site after the application of local hemostatic agents, with no signifi-
cant increase of tissue inflammation or necrosis 7. However, adverse events such as allergic skin reactions and
seroma formation have also been described 8. To minimize postoperative complications, surgeons frequently
insert hemostatic agents into the wound site during breast-conserving surgery. Within axillary lymphadenec-
tomy, the application of local hemostatic agents has been associated with shorter time to drainage removal
or hospital stay, but did not influence the rate of seroma 9,10. However, results seem controversial. While
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. Benevento et al. have shown lower drainage serum outputs within patients treated with low-thrombin fibrin
glue into the axillary fossa 11, no significant reduction in seroma formation 11,12 or magnitude 13 has been
described. On the other hand, a significant reduction in seroma formation was described in patients treated
with Sapylin in the axillary fossa 14. Fewer data exists on the effect of hemostatic agent application into
the wound site during breast-conserving surgery. Available data from a study based on retrospective chart
reviews however also suggests a benefit regarding reduction of postoperative bleeding complications and time
until drain removal 15.

HaemoCerTM is a plant-based medical device, which initiates a rapid dehydration of blood and enhanc-
ing the concentration of coagulation particles (e.g. platelets, clotting proteins and red blood cells) into
the bleeding site. (7 Entwicklungs-GmbH B. HaemoCerTM [cited 2016 12.12.2016]. Available from:
(http://www.biocergmbh.de/en/produkte/blutstillung/haemocertm-plus/) There is no adequate data avail-
able on the efficacy of HaemoCerTM regarding seroma formation or drainage output. Hence, the aim of
our randomized controlled trial was to compare the postoperative outcome between patients who received
HaemoCerTM during breast-conserving surgery and those who did not receive any hemostatic agent.

Patients and methods:

Study design:

The prospective randomized controlled, single blinded clinical trial was performed at the Medical University
of Vienna, Department of Obstetrics and Gynecology, between March 2018 and September 2020. Institu-
tional Review Board approval was obtained from the Ethics Committee of the Medical University of Vienna
(1178/2017). All participants gave their written informed consent. During their participation, patients
were insured as defined by legal requirements (Zurich Versicherungs Aktiengesellschaft, Insurance number:
07229622-2). This manuscript was structured according to the CONSORT guideline for reporting of ran-
domized controlled trials.

Participants:

All patients with breast cancer undergoing breast-conserving surgery at the Department of Obstetrics and
Gynecology of the Medical University of Vienna were considered eligible for inclusion. Patients with previous
breast-conserving surgery at the same site were excluded.

Recruitment:

Patients were recruited on the day of admission (one day before scheduled surgery) and were informed
about the study design, randomization to intraoperative application of HaemoCerTM or no application of
HaemoCerTM and the length of study participation.

Interventions:

Randomized application of 3g hemostatic powder (HaemoCerTM), into the wound site during breast-
conserving surgery.

Outcomes:

Primary outcome of this study was the total volume of postoperative drained fluid from the surgical site.
Secondary outcomes were number of days until drain removal, rate of immediate postoperative surgical site
infection and total volume of postoperative drained fluid from the axillary fossa in case of axilla surgery.
When simultaneous breast-conserving surgery was conducted on both breasts, the side with higher total
volume of drained fluid was used for analysis. Further exploratory outcomes were number of hospitalization
days, postoperative complications such as fever, bleeding, need of antibiotics and wound infection, surgical
hematoma evacuation, hospital readmission and seroma formation.

Sample size:
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. Based on previous studies concerning the volume of postoperative drainage output (ml), we assumed an
effect size of 0.51 (Cohen’s d). At a two-sided level of significance of 5% a total sample size of 122 patients
(61 per group) would result in a power of 80% for a t-test to detect the difference between groups. To
account for a possible drop-out rate of 10% we planned to recruit 68 patients per group (total 136). In order
to evaluate the number of postoperative days until drain removal, we assumed an effect size of 0.53 (Cohen’s
d). A total sample size of 114 patients (57 per group) would result in a power of 80% for a two-sided t-test
at 5% level of significance.

Randomization:

Sequence generation: Sequence generation was provided by the Department of Statistics, Medical University
of Vienna. Single-blinded (principal investigators) blocked simple randomization with a 1:1 allocation ratio
and randomly varying block size was performed.

Allocation:

Sealed envelopes containing information on one of the two treatment options (application of HaemoCerTM

into the wound site versus no application of HaemoCerTM in the wound site) were prepared according to
the generated randomization sequence. All study envelopes were securely stored at the coordination center.
A sealed envelope according to the randomization sequence was added to each patient chart at the time of
admittance to the ward (one day before surgery).

Implementation:

Participants were allocated at the time of pre-surgical sign-in procedure (preoperative checklist), immediately
before the start of the operation. Sealed envelopes were opened by the responsible surgeon. Surgery staff was
informed about the allocated procedure by the responsible surgeon. Patients in the intervention arm received
3g haemostatic powder (HaemoCerTM) into the wound site during breast conservative surgery. Patients in
the control arm did not receive any hemostatic product into the wound site. A drainage was inserted into the
wound site in both arms. Volume of the resected sample and drainage output were carefully documented.
After surgery, all patients received parenteral analgesia and anticoagulant therapy with low-molecular weight
heparine.

Blinding:

Patients and surgeons were not blinded to the type of intervention. Principal investigators, who did not
participate in the surgical procedures, were blinded to the type of intervention. Outcome parameters (post-
operative drainage output, duration of hospitalization) were independently documented by nursing staff
(routine documentation). Final data collection was performed by VF.

Statistical methods

Quantitative variables are presented as median (IQR) and mean (SD), while categorical variables are shown as
counts and percentages. Associations between the use of HaemoCerTM and continuous outcomes were tested
with Mann–Whitney U test. Chi-squared test was used to compare binary outcomes between treatment
groups. All tests were conducted two-sided and p -values <0.05 were considered statistically significant.
To correct for possible confounders, at first univariable linear regressions were performed to investigate the
association between the drainage output volume and the following variables with potential influence on this
outcome: BMI, age, tumor size, educational status of the surgeon (resident or consultant) and the size of the
surgical specimen. Out of the possible confounders, only the size of the surgical specimen was significantly
associated with the primary outcome. Subsequently, a multivariable linear model for the primary outcome
was computed, including HaemoCerTM and the size of the surgical specimen as independent variables.
Statistical analysis was performed using R (4.1.3).

Results

Participant flow
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. Recruitment

A total of 152 patients with breast cancer were recruited on the day before surgery between April 2019 and
September 2020. Sixteen of them did not give their consent to the study and were therefore not randomized,
leaving 136 patients who were randomized to the intervention or control group. Three patients withdrew
their consent shortly before surgery and were therefore excluded from the final analysis. Moreover, 2 patients
did not receive HaemoCerTM, although they have been allocated to the study group and 4 patients received
a hemostatic powder, although they were randomized for “no hemostatic treatment”. We performed our
study with fidelity to the protocol.

Hence, data of 127 patients were analyzed (Figure 1).

Patient characteristics

The baseline characteristics of our study population are shown in Table 1. Out of the 127 patients, 66 were
assigned to the intervention group, while 61 were assigned to the control group. Tumor characteristics, as
well as lymph node status at diagnosis and before surgery were similar in both groups. Surgical specimens’
sizes were comparable between the study and the control groups.

Outcomes and estimation

Primary and secondary outcomes

The use of HaemoCer was significantly associated with the postoperative drainage output volume (p=0.003),
as well as with the number of days until drainage removal (p=0.004) in the univariable analysis. Our data
shows tendency to increased values of both, postoperative drainage output and number of days until drainage
removal in the intervention group (Table 2). However, no major adverse events (defined as any adverse event
that leads to death, life-threatening injury, or illness, or to permanent impairment of a body structure or
function) occurred within the study group.

To correct for possible confounders, at first univariable linear regressions were performed to investigate the
association between drainage output and the following variables with potential influence on this outcome:
BMI, age, tumor size, surgeons ‘educational status (resident vs consultant) and the size of the surgical
specimen. Only the size of the surgical specimen was significantly associated with the outcome (p<0.001).
(Table 3)

Subsequently, a multivariable linear model for the primary outcome was computed, including HaemoCer and
the surgical specimens’ size as independent variables. In this model, the association between the primary
outcome and HaemoCer was no longer significant (Table 4).

Other exploratory outcomes

Results for further exploratory outcomes are presented in Table 5. There were no statistically significant
between-group differences in hospitalization days, postoperative fever, bleeding, need of antibiotics, wound
infection, surgical hematoma evacuation and hospital readmission. The incidence of clinically relevant seroma
formation was significantly higher in the intervention group [11 (16.67%) vs 0 (0%) (p=0.003)].

Discussion

It is well established that short hospitalization length and early discharge after surgery is associated with
improved patient satisfaction and health-care cost reduction 16,17. However, postoperative complications such
as wound site infection or bleeding can often lead to discharge delays. While intraoperative control of bleeding
remains pivotal for the reduction of postoperative complications, the application of topical hemostatic agents
has become very common in the last two decades 18. Specifically the effect of fibrin sealant containing
human thrombin or combined hemostatic powder containing collagen, thrombin and chondroitin sulfate has
been evaluated in the past, resulting in early drainage removal and increased day-case surgery 15,17,19 .
Furthermore, natural polysaccharide hemostatic agents have as well shown high biocompatibility and good
hemostatic characteristics 20, but there is a paucity of data regarding the application during breast-conserving
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. surgery and its effect. Hence, we aimed to evaluate the hemostatic performance of polysaccharide agents in
breast-conserving surgery with a prospective randomized-controlled study.

In this randomized controlled trial, the administration of an absorbable polysaccharide hemostatic agent was
not associated with a reduction of postoperative drainage output, time until drainage removal or number of
hospitalization days. In a multivariable analysis, the size of resected tissue was the only factor significantly
associated with the primary outcome. We analyzed whether the educational status of the surgeon (consultant
vs. resident) would significantly influence the size of resected tissue and thus the immediate postoperative
outcome, but our data showed that educational status was irrelevant regarding the primary outcome. One
could draw the assumption that a larger tumor size would result in a larger resected tissue sample and thus a
higher drainage output. However, the tumor size was not significantly associated with drainage output. We
can therefore discuss that breast surgeons need to be aware of this fine balance during surgery to guarantee
tumor-free resection borders, but also to avoid too large tissue resection sizes.

We have to acknowledge that our primary and secondary outcomes (postoperative drainage volume and
number of days until drainage removal) are only surrogate parameters for intermediate-term postoperative
complications, such as clinically relevant seroma formation and surgical wound site infection. Overall, the
rate of immediate postoperative complications was low. Postoperative bleeding and subsequent secondary
surgery occurred in only 3 patients (intervention group: 1; control group: 2), and 10 patients developed
postoperative fever (intervention group: 5; control group: 5) Immediate postoperative seroma formation,
that required an intervention (e.g. seroma puncture-aspiration) was documented in 17% of patients in the
intervention group (n=11) compared to none in the control group, but this difference is as well attributed
to the size of resected tissue rather than the application of polysaccharide hemostatic agent.

Largely due to the SARS Cov-2 pandemic, a majority of included participants were lost to follow-up after
discharge from hospital. Our results are therefore limited to the immediate post-operative period and do not
allow conclusions beyond that period. However, according to our results, the application of polysaccharide
hemostatic agent did not shorten the number of days until drainage removal and thus the length of hospital
stay. It seems therefore unlikely that the application of polysaccharide hemostatic during breast-conserving
surgery would lead to a reduction of immediate postoperative health-care costs or higher patient satisfaction.

Conclusion

The intraoperative application of an absorbable polysaccharide hemostatic agent into the surgical wound
site during breast-conserving surgery was not associated with reduced postoperative drainage volume or
number of days until drainage removal, nor with the occurrence of immediate postoperative bleeding or
surgical wound site infection. However, results from this randomized controlled trial suggest that the size
of resected tissue during breast-conserving surgery is the most determinant factor regarding postoperative
drainage output, irrespective of polysaccharide hemostatic agent application.
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Details of ethics approval:

This trial was approved by the Ethics Committee of the Medical University of Vienna with the IRB
1178/2017. ClinicalTrials.gov Identifier: HaemoCerTM Application in Breast Cancer Surgery NCT04811378

Funding: BioCer Entwicklungs-GmbH provided financial resources in the amount of 8.100 Euro and pro-
vided the product, which is investigated in this study (HaemoCer). The funding company was not involved
in the planning of this study and had no rights or saying regarding the conduction of this study. The funding
company furthermore had no rights or saying in the interpretation or publication of the results. A Research
funding agreement between BioCer Entwicklungs-GmbH and the Medical University of Vienna has been
signed.

This manuscript was structured according to the CONSORT 2010 checklist for the reporting of randomized
controlled trials.

Haemocer

Substance of content and effects of HaemoCerTM:

100% plant-based polysaccharide. ,,HaemoCer PLUS Absorbable Polysaccharide Haemostat (APH) is a
proprietary patent pending technology created via BioCers’ Polysacchidaride Ultra-hydrophilic Resorbable
Engineering (PURE) process. HaemoCer PLUS APH incorporates a sophisticated, plantbased polymer
crosslinking that creates ultra-hydrophilic, biocompatible particles. Upon contact with blood HaemoCer
PLUS enhances the natural clotting cascade by rapidly dehydrating the blood and accelerating the concen-
tration of platelets, red blood cells and coagulation proteins at the bleeding site. HaemoCer PLUS also on
blood interaction rapidly produces a gelled matrix that adheres to and forms a mechanical barrier with the
bleeding tissue. “

http://www.biocer-gmbh.de/en/produkte/blutstillung/haemocertm-plus/
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Figure 1: Flow-chart of the study participants 
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