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Background: This study evaluates the association between the type of topical haemostatic agents used during surgery—categorized
as active, passive, or a combination of both—and their relationship with intraoperative blood loss and bleeding-related postoperative
outcomes.

Methods: A retrospective analysis was conducted at Cooper Health System, Camden, New Jersey, US, using patient records to
compare the clinical performance of three haemostatic strategies: active agents, passive agents, and a combined approach.

Results: A total of 149 patients were included in the analysis: 51 treated with passive agents, 51 with active agents, and 47 with both.
The mean age at admission was 55.9 years (SD +16.3). General surgery was the most frequently represented specialty (24.8%),
followed by spine (22.1%), neurosurgery (16.8%), and solid organ procedures (16.1%). The combination group showed the highest
estimated blood loss (EBL) at 521.3 mL (SD £1456.83; 95% CI: 93.5-949.0), compared to 390.7 mL (SD +1004.81; CI: 108.1-673.3)
in the active group and 301.5 mL (SD #295.78; CI: 218.3-384.7) in the passive group. However, ANCOVA results showed no
statistically significant difference in adjusted mean EBL between groups (p = 0.309). Notably, patients in the combination group
experienced longer operative times, extended ICU stays, and higher mortality.

Conclusion: Numerical trends suggest greater bleeding and more complex postoperative courses in patients treated with the
combination of active and passive haemostats. The use of standardized, validated measures of intraoperative bleeding, paired with
a strategic approach that anticipates and manages bleeding complications, may support improved clinical outcomes.
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Introduction
Maintaining a fine balance between bleeding and clotting during surgery is imperative to surgical success and patient
outcomes. This is achieved by ensuring adequate perfusion of tissue at the surgical site and avoiding excessive blood
loss. Excessive intraoperative bleeding prompts several complications, such as prolonged operating time, obscured
surgical field, and increased risk of hemodynamic instability. Intraoperative blood loss may also necessitate transfusion
with blood products a limited resource with associated costs and risks.'

A wide range of hemostatic products have been developed and are available for use in surgical procedures. Two main
product categories exist based on their mechanism of action: passive and active hemostatic products.

Passive hemostatic products like oxidized regenerated cellulose (ORC),** gelatin-based passive hemostatic products?
and collagen-based passive hemostatic products™ are generally considered effective for small amounts of bleeding, such
as those classified as grade I on the VIBe Scale,® and act by forming a physical structure around which platelets can

aggregate to rapidly form a clot. Their mode of action is dependent on an intact or functioning coagulation cascade.
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Table | Brand Names of Haemostatic Products/Sealants Recorded

Active Passive

Evarrest (Ethicon) Arista (Becton, Dickinson and Company)
Recothrom (Baxter) Avitene (Davol-Bard Medical Division)
Evicel (Ethicon) Endoavitene (Davol-Bard Medical Division)
Surgiflo w/thrombin (Ethicon) Floseal NT w/o thrombin (Baxter)

Floseal (Baxter) Gel-Flow™ NT (Pfizer)

TachoSil (Baxter) Gelfoam Sponge (Pfizer)

Floseal NT w/thrombin (Baxter) | Gelfoam Powder (Pfizer)

Thrombin JMI (Pfizer) ORC Orriginal Surgicel (Ethicon)
Gel-Flow Kit (Pfizer) ORC — NuKnit (Ethicon)
Tisseel (Baxter) ORC - Snow (Ethicon)

Hemoblast Bellows (Biom’up) ORC - Fibrillar (Ethicon)

Vistaseal (Ethicon) ORC - Surgicel Powder (Ethicon)

QuikClot Control+ (TeleFlex)

SurgiFlo w/o Thrombin (Ethicon)

Surgifoam Sponge (Ethicon)

Surgifoam Powder (Ethicon)

Ultrafoam (Becton, Dickinson and Co)

Therefore, the efficacy of passive products is reduced in patients treated with anticoagulant or antiplatelet medications, or
in those with other coagulation disorders.

Active hemostatic products, such as thrombin, fibrin sealants and advanced patches act biologically at the end of the
coagulation cascade, accelerating the natural clotting process.” Active hemostatic products are effective regardless of
whether patients have received anticoagulant/antiplatelet therapies or not, and function in the setting of both inherited and
acquired coagulopathies. This is due to their mode of action which is effective independently of the state of the upstream
coagulation cascade. Active products are also effective over a broader spectrum of bleeding, possibly ranging from VIBe
grade I to VIBe grade III bleeds. Further, active hemostatic products can be a cost-effective option in some patients by
lowering the risk of hemostatic failure and shortening operative and recovery times.®

The objective of this retrospective study was to describe the relationship and possible trends of hemostatic class
choice on intraoperative bleeding, and its impact on postoperative bleeding-related outcomes.

The list of active and passive hemostatic/sealant products recorded from patient charts selected for this study is
provided in Table 1.

Methods

This was a single-center retrospective study in Cooper Health System, Camden, New Jersey, US. Retrospective data on
intraoperative adjunctive topical hemostatic product usage from 149 consecutive patients across 3 cohorts (51 patients for
whom passive hemostatic products were used, 51 patients for whom active hemostatic products were used, and 47
patients for whom combinations of active and passive hemostatic products were used) were sought. Data were collected

from medical charts of adult patients who underwent a single inpatient surgery of interest (ie, cardiac, vascular, non
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cardiac thoracic, solid organ, general, reproductive organ, spine, or neurosurgery), between 01 September 2017 and
30 September 2020.

The primary endpoint was the intraoperative EBL in each cohort. Secondary endpoints included postoperative
bleeding up to 48 hours, transfusion amount of blood products during intra- and postoperative period, incidence of re-
intervention (surgical or radiological) for bleeding, preoperative and postoperative use of anticoagulant/antiplatelet
agents, length-of-stay (including intensive care unit [ICU] days), OR time, number of hemostatic products used, all-
cause mortality, and death due to uncontrollable bleeding.

This study was conducted in compliance with the requirements of the Code of Federal Regulations (21 CFR), the
International Conference on Harmonization (ICH), Guideline for Good Clinical Practice (GCP) E6, ISO 14155:2020 and
the ethical principles within the Declaration of Helsinki. The protocol was approved by the Cooper Health System
Institutional Review Board, which granted a waiver of consent for the retrospective review of medical records.

Variables were analysed descriptively and presented using summary statistics. Differences in EBL between active,
passive and a combination of these adjunctive topical hemostatic products were further assessed using ANCOVA,
controlling for age, gender, antiplatelet/anticoagulant use prior to admission, and surgical procedure. Data on certain
potential confounders (eg, surgeon experience) were unavailable; thus, residual confounding cannot be excluded. Given
that this study was not formally powered, all p-values from the ANCOVA were used for descriptive purposes only.

Results
A total of 158 patients were identified for inclusion in the study, but 9 patients (5.7%) underwent more than one surgical
procedure and therefore were not included in the analysis, as outlined in Figure 1. The patient population was evenly

Patients included in chart

review
N =158
\ 4 \ 4 A 4
Active Hemostatic Products Passive Hemostatic Combination of Hemostatic
Cohort (Cohort A) Products Cohort (Cohort P) Products Cohort (Cohort AP)
N =54 N =53 N = 51

N 7

Patients who did not meet incluson/exclusion
criteria
N=9
Cohort A: 3 patients
Cohort P: 2 patients
Cohort AP: 4 patients

\ 4
Patients included in the
analyses*

N =149

\ 4 A 4 \ 4

Cohort A Cohort P Cohort AP
N =51 N = 51 N =47

*Patients were included in the Full Analysis Set (FAS) and the Per Protocol
Set (PPS)

Figure | Patient Disposition Flowchart.
Note: Figure prepared using Visio. *Patients were included in the Full Analysis Set (FAS) and per Protocol Set (PPS). Nine patients underwent more than one surgical
procedure and were therefore excluded from the analysis.
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Table 2 Population Characteristics

Passive (n = 51)

Active (n =51)

Combination (n = 47)

Sex, male 28 25 23
Age (years) * SD 56.3 + 16.1 544 + 14.6 572+ 18.2
CCIP £ SD 3835 29+24 39+3.0

Abbreviation: CCl, Charleston Comorbidity Index.

split, 76 (51.0%) patients were male while 73 (49%) were female. Table 2 shows a mean patient age (SD) of 55.9 (=
16.3) years. Surgical procedures by frequency were as follows: general surgery (24.8%), followed by spine surgery
(22.2%), neurosurgery (16.8%), and solid organ surgery (16.1%), reproductive organ surgery (11.4%), vascular surgery
(6.7%), cardiac surgery (1,3%) and non-cardiac thoracic surgery (0.7%). In terms of surgical approach, 119 (79.9%)
patients underwent an open surgery while the remaining 30 (20.1%) underwent a minimally invasive/robotic procedure.
The percentage of patients in whom anticoagulants/antiplatelets were used preoperatively was higher in the combination
cohort (11 [23.4%]) than in the passive (5 [9.8%]) and active (9 [17.6%]) cohort.

Table 3 shows that the mean intraoperative EBL was highest in the combination cohort (mean [SD; 95% CI]:
521.3 mL [£1456.8 mL; 93.5-949.0 mL]), followed by the active cohort (390.7 mL [+1004.8 mL; 108.1673.3 mL]) and
passive cohort (301.5 mL [£295.8 mL; 218.3-384.7 mL]). ANCOVA results showed no differences in adjusted mean
(SE) EBL among the groups (p = 0.309). The percentage of patients receiving intraoperative transfusion was 11.8% in
the passive group, 9.8% in the active group, and 38.3% in the combination group, with comparable percentages
postoperatively (11.8% in the passive group, 7.8% in the active group and 21.3% in the combination group). The
combination group had the highest rate of postoperative bleeding within 48 hours of the procedure (10.6%), of which
60% required intervention for hemostasis compared to the passive group and active group (both 2.9%). Operating room
time was longest for patients in the combination cohort (mean [SD]: 222.7 [+ 98.13] minutes), followed by patients in the
active cohort (212.5 [+ 116.54] minutes) and patients in the passive cohort (195.1 [+ 93.82] minutes). Similarly, the mean
ICU stay was longer for the combination group (2.9 days), and shorter for the passive group (1.1 days) and active group

Table 3 Primary and Secondary Endpoints

Passive Active Combination P-value
(n=51) (n=51) (n=47)

Unadjusted EBL (mL) + SD 301.5 £2958 | 390.7 + 1004.8 521.3 £ 1456.8

Adjusted EBL mean (mL) + SE 236.5 £ 19555 | 256.9 + 241.83 540.8 + 224.67 0.309*

OR time (min) + SD 195.1 +93.8 2125 £ 1165 222.7 + 98.1

Number requiring intraoperative transfusion 6 5 18

Number requiring postoperative transfusion 6 4 10

Number experiencing postoperative bleeding (up to 2 2 5

48 hr)

Number requiring intervention for postoperative | 2 3

bleeding

ICU LOS (days) + SD Il +42 0714 29+54

Number of mortalities | 3 5

Number of mortalities due to hemorrhage 0 | 3

Notes: *P-value from ANCOVA using age, sex, antiplatelet/anticoagulant use prior to admission and type of procedure as covariates.
Abbreviations: EBL, estimated blood loss; OR, operating room; ICU, intensive care unit; LOS, length of stay.
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(0.7 days). Differences were noted in the percentage of mortality between the 3 groups, with the highest mortality rate
(10.6%) and mortality due to hemorrhage (6.4%) featuring in the combination group.

Discussion
This study compared the individual use with combined use of passive and active agents.

During the intraoperative period, patients in the combination cohort lost more blood than those in the passive and
active cohorts, although the significance of this difference is unknown due to the study’s descriptive nature. Training,
product knowledge, and type of procedure are factors that affect hemostatic product selection which may, in turn, explain
this trend. The most common surgery types assessed were general, spinal, or neurosurgical; all of which are procedures in
highly vascularized areas and are associated with high bleeding rates. Operating room time was longest for the
combination cohort. While procedure length is dependent among other factors, on surgical site and complexity, OR
time for the combination cohort may have been further increased by the surgeon failing to choose the correct hemostatic
product to begin with. For significant bleeding (VIBe grade II and III) as well as lower grade bleeding in patients with
acquired or inherited coagulopathy, primary use of active products is recommended. Use of passive products in this
setting will not control bleeding, and as such, the use of a situationally ineffective product only wastes time and increases
OR costs. Further, the presence of passive agents in the surgical field can reduce the effectiveness of secondarily applied
active agents. For example, passive products containing oxidated regenerated cellulose have a low pH, and when
combined with active products, the acidic environment may result in denaturation of thrombin, the active ingredient,
and renders the active hemostatic ineffective. As a result, an active product, such as Floseal, applied into a surgical field
contaminated with a passive product, such as Surgicel, may be rendered useless.

We cannot retrospectively judge surgical decision making or determine the chain of intraoperative events which led to
the combined use of passive and active products in 30.5% of our study population. As such, it is impossible to rule out
scenarios where a passive agent was used appropriately for a VIBe grade I bleed, which subsequently worsened to
a grade II or III bleed, requiring an active product. We can, however, with certainty assert that use of a passive product in
a patient with known coagulopathy, either inherited or acquired, is ineffective and inappropriate. The percentage of
patients with known preoperative anticoagulant/antiplatelet use and in whom a passive agent was utilized alone was 9.8%
and 23.4% in the combination cohort, corroborating this hypothesis. This identifies an important and actionable short-
coming in surgical education. If knowledge of the ineffectiveness of passive hemostatic use is made commonplace
among clinicians, then patients could be spared the repercussions of delayed bleeding control due to inappropriate
product selection. Delayed bleeding control contributes to increased blood loss, transfusion requirement, and operative
time — all of which exacerbate the metabolic derangement experienced by patients, which worsens with every minute on
a cold OR table under anesthesia.

Blood transfusion is critical in maintaining hemostasis, correcting abnormal coagulation, and ensuring adequate tissue
perfusion and oxygenation. However, blood transfusion comes with associated costs and risks. Primarily, banked blood is
a limited and costly resource. Second, blood transfusion comes with associated risks of transfusion reaction, infection,
and development of antibodies.

While there were no substantial increases in intraoperative blood loss when a combination of hemostatic agents was
used, there were significantly more cases requiring transfusions. Of the minority of patients who required administration
of blood, more patients received transfusions intraoperatively than postoperatively, with the combination cohort showing
the highest requirement during both periods. According to clinical practice guidelines regarding the indications for
intraoperative blood transfusions, most of the cases in this study did not meet the criteria for requiring a transfusion based
on their EBL alone.”'? This suggests that additional factors, such as pre-admission blood loss in trauma patients, the type
and acuity of the procedure, the rate of blood loss, repeated hemoglobin and hematocrit monitoring, and signs of
hemodynamic instability or end-organ damage were all taken into consideration. It is also important to note that
anticoagulant/antiplatelet use increases the risk of bleeding, thus their higher percentage of use in the combination
cohort may have contributed to the higher incidence of intraoperative and postoperative bleeding within the same cohort.
Considering this, intraoperative bleeding was controlled with both active and passive agents before EBL became
significant, but intraoperative blood transfusion was still indicated for reasons other than the volume of blood lost.
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We also observed a rise in ICU length of stay and overall mortality in patients who received a combination of
hemostatic agents. Prior literature has shown that increased ICU lengths of stay have been associated with higher

mortality rates'''?

and therefore, it is reasonable to observe that these two share a direct relationship. Several major
factors influence a patient’s ICU length of stay, such as undergoing emergent surgery versus an elective procedure, low
scores on the Glasgow Coma Scale (GCS), high preoperative surgical risk, and hemodynamic instability.'*'* This
suggests that the relationship between combination use of hemostatic agents and ICU length of stay is confounded by
additional factors, primarily with respect to the acuity of the surgery, and the stability of the patient. Several hypotheses
can be proposed from this, but the most likely is that combination agents are more frequently utilized in settings where
blood loss is not controlled by the primary agent and hemodynamic stability is compromised, hypothetically forcing the
surgeon to choose a more adequate (potent) hemostatic adjuvant. A validated bleeding severity assessment tool, such as
the VIBe Scale, can help to gauge the severity of a bleed in open surgical procedures across surgical specialties and
ultimately guide the surgeon to select an appropriate hemostatic product.'*'> The use of such a scale in combination with
a treatment approach that considers bleeding-related complications may overall help improve patient outcomes.

Although the evidence supports the efficacy of these adjunctive topical agents in helping to achieve hemostasis, there
are several limitations that can be identified. The evidence put forth by this study is inherently limited by the study
design. Prospective and multicenter exploration is warranted to provide further validity for the use of these agents. The
increased requirement for intraoperative blood transfusion is not based on EBL alone. Signs of hemodynamic instability
and longer ICU lengths-of-stay can be impacted by the type of procedure and indication for it, both of which were
variables unexamined in this study. Lastly, the trend observed in overall mortalities can simply reflect the direct
relationship it has with ICU length of stay. Further investigations should be controlled for these confounders to
strengthen the current evidence supporting the efficacy of these hemostatic agents.

Conclusions

Numerical trends suggest greater bleeding and more complex postoperative courses in patients treated with the
combination of active and passive haemostats when compared to patients who received either active or passive
hemostatic products. While this investigation shows promising insight into the use of these agents and alludes the
importance of selecting the right hemostatic product when considering the risks and benefits to the individual patient,
further research is warranted. These hypothesis-generating findings support prospective, adequately powered studies that
should incorporate standardized, validated measures of intraoperative bleeding severity to guide severity-based selection
of hemostatic agents.
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