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Abstract Oxidized regenerated cellulose (ORC) has

been used as an absorbable hemostat since World War

II. In the present study, hemostasis time was deter-

mined in a spleen incision model in swine. The effect

of mass on absorbable hemostat efficacy and hemos-

tasis time was evaluated by standardizing the ORC

materials on a mass basis. The median hemostasis time

for a single layer of the new nonwoven ORC was as

much as 51 % shorter than woven ORC (P \ 0.001).

The mean hemostasis time for nonwoven ORC was

not affected by the mass of hemostat applied to the

wound. The hemostatic efficacy of woven ORC

increased with the mass (layers) of hemostat applied

to the wound. Nonwoven ORC is significantly faster in

achieving hemostasis than woven ORC, and its

hemostatic efficacy is not influenced by the mass of

material applied. Tissue reaction was minimal and the

material was fully absorbed by 14 days.

Keywords Absorbable Hemostat � Absorption �
Bleeding time � Hemostatic efficacy � Oxidized
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Introduction

Oxidized regenerated cellulose (ORC) is used to

manufacture a family of absorbable hemostatic agents

that have been in clinical use for more than 5 decades.

(Cronkite et al. 1944; Franz et al. 1944; Putnam 1943;

Gabay 2006) ORC hemostats are indicated for use in

surgical procedures when conventional methods of

hemostasis, such as pressure and ligature, are ineffec-

tive or impractical. ORC may be used for endoscopic

procedures, and it may be cut to size to conform to the

bleeding site. (Gabay 2006) ORC formulations have

been used to control bleeding in a wide variety of open

and endoscopic procedures, including laparoscopic

partial nephrectomy, (Breda et al. 2007) laparoscopic

cholecystectomy, (Rastogi and Dy 2002) liver and

spleen trauma, (Theuer and Imagawa 1999; Trooskin

et al. 1989) and sternotomy (Mair et al. 2005); and ear/

nose/throat, (Bhatnagar and Berry 2004; Shinkwin

et al. 1996) obstetrics/gynecology, (Awonuga et al.

2006; Sharma et al. 2003; Sharma and Malhotra 2006)

orthopedic, (Sabel and Stummer 2004) urologic,

(Abou-Elela et al. 2009; Bollens et al. 2007) and

plastic surgery. (Bassetto et al. 2008)

The mechanism of action for ORC hemostats is

believed to start with the material absorbing water

and then swelling slightly to provide tamponade at

the bleeding site. The ORC fibers initially entrap

fluid, blood proteins, platelets and cells forming a

gel-like ‘‘pseudo-clot’’ which acts as a barrier to

blood flow, and subsequently as a matrix for solid
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fibrin clot formation. Fiber density and fabric weave

or knit patterns are important features in hemostatic

efficacy.

The synthesis and production of commercial ORC

hemostats involve many steps that include dissolving

cellulosic material in a solvent, extrusion and coag-

ulation of the solution as continuous fibers, and

oxidation by dinitrogen tetroxide under closely regu-

lated conditions. The regenerated cellulose is obtained

through the viscose process, which affords very pure

cellulosic fibers as the end products. Compared with

cotton cellulose, regenerated cellulose is of lower

molecular weight and lower crystallinity. In addition,

cotton cellulosic fibers have tapered shapes, and

therefore have different diameters along the fibers.

In contrast, regenerated cellulose fibers are continuous

and have uniform diameters throughout the fiber

length. These properties of regenerated cellulose fibers

are critical to achieving subsequent uniform and

consistent oxidation. The regenerated cellulose fibers

are twisted into yarns that can be knitted into fabrics

with different basis weights. Oxidation is then carried

out on the fabrics to render them bioabsorbable when

implanted into human body. (Stillwell et al. 1997)

Regenerated cellulose can be oxidized by nitrogen

dioxide (NO2) or dinitrogen tetroxide (N2O4), nitric

acid, periodic acid, and hypochlorite with different

final products. Oxidation reaction of cellulose with

NO2 transforms the primary hydroxyl groups on

carbon 6 (C6) into carboxyl groups as the result of

main reaction, and the end product is a copolymer of

anhydroglucuronic acid and anhydroglucose. Due to

the presence of carboxyl groups, ORC becomes acidic

after contacting body fluids. (Stillwell et al. 1997)

The secondary reactions at C2 and C3 lead to the

ketone group formation at these positions, and the

ketone groups are believed to be responsible for the

degradation of ORC. The combination of cellulose

regeneration and uniform NO2 oxidation results in

consistent absorbability and tissue reaction to the

commercially available products. Implanted, ORC is

fully absorbed in 7–14 days with minimal tissue

reaction, and it has in vitro and in vivo antimicrobial

activity against a wide range of gram-positive and

gram-negative organisms, including methicillin-resis-

tant Staphylococcus aureus (MRSA). (Johnson and

Johnson 2007; Dineen 1976, 1977a, b; Kuchta and

Dineen 1983; Spangler et al. 2003).

The proposed mechanism for absorption of ORC is

via phagocytosis by macrophage cells. Hydrolytic

enzymes in macrophage such as ß-D-glucosidase

and,ß-D- glucuronidase degrade oligomers. In bench

top and animal studies, the size distribution and the

quantity of the oligomers decreases over time. Ulti-

mately glucose and glucuronic acid are generated.

Degradation products do not accumulate in blood or

urine which is consistent with a cellular elimination

mechanism (Dimitrijevich et al. 1990a, b; Stillwell

et al. 1997).

Materials and methods

All test animals were handled and maintained in

accordance with the current standards promulgated in

the Guide for the Care and Use of Laboratory Animals.

(National Academy Press 1996) This study was

conducted following IACUC review and approval.

Commercially available material was provided in the

manufacturers’ sterile packaging. These were: original

Surgicel� Absorbable Hemostat (W8), Surgicel� Nu-

Knit� Absorbable Hemostat (W20), and Surgicel�

FibrillarTM Absorbable Hemostat (NW35). The pre-

marketing product was Surgicel� SNoWTM Absorb-

able Hemostat (NW11), a nonwoven fabric with a

density of 100 to 110 g/m2 made from 150 denier fiber

yarn, packaged in foil and gamma sterilized to a

minimum of 30 kGy. (Table 1)

Table 1 Nomenclature for test articles

Material Format Basis mass mg/cm2 Trade name Sterilization method Manufacturer

W8 Woven 8 SURGICELTM Original Cobalt-60 Ethicon, Inc., Somerville, NJ

NW11 Non-Woven 11 SURGICELTM SNoW Cobalt-60 Ethicon, Inc., Somerville, NJ

W20 Woven 20 SURGICELTM NuKnit Cobalt-60 Ethicon, Inc., Somerville, NJ

NW35 Non-Woven 35 SURGICELTM Fibrillar Cobalt-60 Ethicon, Inc., Somerville, NJ
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Hemostasis time

The first stage of testing compared original W8 with

the new nonwoven material (NW11). The second

stage compared the hemostatic efficacy on a weight

basis among four commercially available ORC

formulations.

Experimental animals

Female crossbred Yorkshire swine, weight range

94–131 pounds, were used for hemostasis time testing.

Animals were individually housed in stainless-steel

cages, fed once a day with a standard pig chow and

provided water ad libitum, and kept on a 12-h light/

dark cycle at 71� ± 7 �F and 30–70 % relative

humidity.

Porcine surgical procedure

Anesthesia was induced with an intramuscular injec-

tion of 5 mg/kg tiletamine, 5 mg/kg xylazine, and

0.011 mg/kg glycopyrrolate. An intravenous catheter

was then placed in the marginal ear vein. An

endotracheal tube was inserted and attached to a

veterinary anesthesia machine; anesthesia was main-

tained by a semi–closed-circuit inhalation of isoflu-

rane and oxygen at a flow rate of 1–2 L/min. Assisted

ventilation was accomplished with a mechanical

ventilator set at 8–12 respirations/min and a tidal

volume of approximately 5 mL/lb body weight.

Ophthalmic ointment was applied to both eyes of

each anesthetized animal. Lactated Ringer’s solution

was administered intravenously at approximately

5–10 mL/h. Vital signs and oxygenation were moni-

tored throughout.

The spleen was located, incrementally externalized

as needed, and kept moist with saline-soaked gauze.

Beginning at the distal tip of the ventral side of the

spleen, proceeding proximally, 15-mm long 9 3-mm

deep incisions were made with a #11 scalpel blade that

had a Kelly forceps clamped onto it, thereby limiting

the incision depth to 3 mm. One new site was initiated

for each sample tested; 12 sites per test article were

used in stage 1, and 10 sites in stage 2.

Each spleen had 2 negative control sites; the first

was incised on the distal tip of the spleen at the

beginning of the study, the second was incised on the

proximal end of the spleen at the end of the study. By

confirming that gauze/tamponade was not able to

control bleeding from these 2 sites within 10 min, the

consistency of the experimental model over the testing

was confirmed. Some investigators quantify injury

bleeding rate, however we did not. Rather, by

confirming that the negative control gauze/tamponade

alone did not control the bleeding in a reasonable

period of time we have demonstrated adequate control

of variability in injury across animals and experi-

ments. The injury and treatment procedures for the

negative controls were identical to the test articles.

Hemostat allocation and application

In stage 1, W8 and NW11 were applied as either a

single or double layer to 12 incision sites. In stage 2,

the test compounds were applied in layers as follows:

W8, 1–4 layers; NW11, 1–3 layers; W20, 1 or 2 layers;

and NW35, 1 layer. Layering enabled the comparison

of each ORC formulation on a weight basis.

Hemostasis timing

The ORC hemostats were applied to a freshly created

wound site, followed by dry gauze, and occlusive

digital pressure (tamponade) was applied for 1 min

(stage 1) or 2 min (stage 2). Following the initial

tamponade, digital pressure was discontinued, the

gauze pad was removed, and a 30-s hemostasis

evaluation period was performed. If hemostasis was

achieved within 30 s, the time to hemostasis was noted

and testing was concluded for that article. The model

is intended to be a highly reproducible situation which

allows efficient comparison between materials. The

model does not simulate complex or higher blood-flow

wounds although the trends measured in this model are

expected to be the same for more complicated wounds.

If hemostasis was not achieved, pressure and gauze

were reapplied for additional 30-s tamponade and

observation periods until hemostasis was achieved, or

until the testing period reached 10 min. At 10 min, the

trial was aborted as a failure and recorded as ‘‘greater

than 10 min.’’ The hemostatic material was graded as

a ‘‘pass’’ if hemostasis was achieved in 10 min or less,

and ‘‘fail’’ if hemostasis was not achieved in 10 min

from test article application time.

Hemostasis was defined as the absence of free-flow

bleeding, which was specified as any new appearance

of blood or blood flow from the incision site, or any
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new appearance of blood or blood flow from within,

bleeding through, under, or out of the test site.

Pinpoint or petechial bleeding that appeared but did

not grow, or saturation of blood into the hemostat that

may have occurred prior to or during tamponade

application that did not spread during the observation

period, was not considered free-flow bleeding.

Sites that failed to achieve hemostasis by 10 min

were treated by remedial measures to stop the bleeding

before proceeding to the next test site.

Tissue reaction and absorption

Experimental animals

Forty female Long-Evans rats, approximately

10 weeks old (237–277 g), were used in this study.

The rats were individually housed in suspended

closed-bottomed cages maintained at 70 �F and

50 % relative humidity on a 12-h light–dark cycle,

and provided food and water ad libitum with wood

blocks and nylon bones as environmental enrichment.

Test materials

Using aseptic technique, W8 and NW11 were cut with

scissors to provide an implant of approximately

28 mg/275 g rat (i.e. 102 mg/kg), which measured

1.25 9 2 cm for NW11 and 1 9 2 cm for W8. A

worst case human exposure for NW 11 is considered to

be two 4 9 4 inch pieces (216 cm2) or 2376 mg

(216 cm2 9 11 mg/cm2). The implant mass was pro-

portional to approximately 2.5 times the worst-case

exposure of 2376 mg in a 58 kg human (i.e. 40 mg/

kg). Implant assignment was generated by the ran-

domization function of Microsoft� Excel 2000.

Implant procedure

Anesthesia was induced with 3–5 % isoflurane at

1–2 l/min and ophthalmic ointment applied. The

entire dorsum, from neck to base of tail, was shaved,

scrubbed with chlorhexidine diacetate, rinsed with

alcohol, and painted with an aqueous iodophor

solution. A sterile drape was applied prior to surgery.

On the dorsum of each animal, parallel 3.5-cm

incisions were made 0.5 cm from the vertebral column

midline in the thoraco-lumbar region. A subcutaneous

pocket large enough to contain a relatively flat implant

was made by blunt dissection and the test materials were

placed in each pocket. To serve as a location marker, an

interrupted stitch of 4-0 dyed polypropylene suture was

placed inside the pocket adjacent to the implants. The

incision sites were closed with surgical wound clips.

Implant evaluation

Animals were humanely euthanized at 7, 14, and

28 days post implantation (N = 12, 12, and 16,

respectively).

Macroscopic At each study interval, implant sites

were examined for residual hemostat and evaluated for

hematoma, infection, wound dehiscence, immunologic

response, or abnormal wound healing. When present,

macroscopic alterations of the viscera or tissues were

reported and tissue sections containing the lesions (or

portions of the lesions) were collected for microscopic

evaluation. All collected tissue sections were immersed

in 10 % neutral buffered formalin. After adequate

fixation, all collected tissues were trimmed and

macroscopically evaluated. Encapsulation of the

implant sites was graded using a 0–4 scale (0 = no

capsule or adverse reaction area; 1 = 0–0.5 mm capsule

or reaction area; 2 = 0.6–1.0 mm; 3 = 1.1–2.0 mm;

and 4 = 2.1 mm or greater). A score below 3 was

considered acceptable. The difference between the

average scores for the NW11 and W8 at each study

interval were ranked as not significant (0–0.5); trace

(0.6–1.0); slight (1.1–2.0); moderate (2.1–3.0); or

marked (greater than 3.0). A score below 3 was

considered acceptable (Table 2).

Microscopic After macroscopic evaluation, tissue

sections were placed into tissue cassettes, processed,

and stained with hematoxylin and eosin. Microscopic

evaluation utilized an ISO grading scale in which a

Table 2 Success ratio and median hemostasis time using the

porcine spleen incision model

Material Success ratio Median hemostasis

time (minutes)

Gauze 0/12 [10

W8 1 layer 4/12 [10

NW11 2 layer 12/12 8.30

W20 1 layer 12/12 5.72

NW35 2 layer 12/12 4.86
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severity score of 0–4 was assigned to 9 measures of

inflammation and tissue response. (ISO 2007) At each

study interval, the average scores for W8 were

subtracted from the average scores for NW11 and

ranked as follows: nonirritant (0.0–2.9); slight irritant

(3.0–8.9); moderate irritant (9.0–15.0); or severe

irritant (15.1 or greater).

Absorption of the implant material was graded on

the following scale: not absorbed ([10 % of the

material remained); essential absorption (\10 % of

the material remained); complete absorption (no

material remained, but implant site identified);

implantation site not present (no material remained

and there was no evidence of the implant site); return

to normal (implant site identified, article completely

absorbed, and the tissue response resolved).

Results

Hemostasis time stage 1

Gauze (negative control) passed 0 of 12 times. W8 1

layer (positive control) passed 4 of 12 times. W8 2

layer passed 12 of 12 times. Single or double layers of

NW11 passed 12 of 12 times (see Table 2).

A Kruskal–Wallis test was used to compare the

time to hemostasis for W8 versus NW11, as shown in

Table 3. NW11 was significantly faster than W8,

regardless of the number of layers or formulation, as

shown in Table 3.

Hemostasis time stage 2

The 4 ORC formulations each had a different basis

mass (Table 4) and were applied in layers to normalize

the hemostat mass for comparison. The hemostasis

time and the effect of layering (increasing the mass of

hemostat) are shown in Table 5.

As shown in Table 5, when W8 was applied in 1, 2,

or 3 layers (8–24 mg/cm2), hemostasis within 10 min

was achieved in 50 % or fewer sites. When W8 was

applied in 4 layers (32 mg/cm2), hemostasis was

achieved in 75 % of sites. NW11, W20, and NW35

achieved hemostasis within 10 min regardless of the

number of layers used (11–40 mg/cm2). The hemo-

static effectiveness of W20 was improved by adding

more layers over the wound site.

A Chi square test for trend on the 4 W8 groups did

not find a significant linear trend among the success

rate for 1, 2, or 3 layers (Graphpad Instat v. 3.10).

ANOVA on all other groups (NW11, W20, and

NW35) did not find any significant differences at

p \ 0.05 (Graphpad Prism 5.03).

Tissue reaction and absorption

There were no biologically relevant treatment-related

in-life incidents during the duration of this study.

Absorption

Both W8 and NW11 were present at day 7 in all test sites

and were considered not absorbed. On day 14 the implants

were essentially (i.e.,\10 % remaining) or fully absorbed

in 7 NW11 and 9 W8 sites. Both implants were

completely absorbed by day 28. Under the conditions of

this study, NW11 and W8 had similar absorption profiles

and were considered fully absorbed by 14 days.

Tissue reaction

The macroscopic tissue response to NW11 was not

significantly different than the response to W8. The

Table 3 Comparison of one or two layers of light weight ORC material using the porcine spleen incision hemostasis model

Material comparison Median hemostasis Time (sec) Percent reduction in

Hemostasis time

p Value

W8 two layer vs NW11 two layer 498 versus 292 41 \0.001

W8 two layer vs NW11 one layer 498 versus 343 31 0.024

W8 one layer vs NW11 two layer 600 versus 292 51 \0.001

W8 one layer vs NW11 one layer 600 versus 343 43 0.001

Layers Refers to the number of layers of hemostatic product used in the test group

Hemostasis time Refers to the time required to achieve control of active bleeding at the site
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difference between the encapsulation grading scores

for NW11 versus W8 groups was 0.0, 0.25, and 0.06 at

days 7, 14, and 28, respectively. In implant sites with

encapsulation scores above 0, there were no micro-

scopic findings that corresponded directly with the

encapsulation score.

The microscopic tissue response to NW11 was not

significantly different than the response to W8 at any

of the study intervals. NW11 was ranked as a

nonirritant compared to W8 using the ISO scale. The

average tissue response grading score at days 7, 14,

and 28 for NW11 versus W8 were 7.6 versus 6.3, 6.6

versus 6.4, and 3.8 versus 3.0, respectively. At days 7

and 14 the overall tissue response to either implant was

considered to be minimal to mild and characterized by

limited to low numbers of macrophages, lymphocytes,

and fibroblasts and lower numbers of giant cells. At

day 28 the tissue response was resolving. Because the

implants were absorbed, and because the inflamma-

tory reaction was so slight at 28 days it is expected that

the sites would return to a normal steady state within

weeks. There was no evidence of hematoma, infection,

wound dehiscence, immunologic response, or abnor-

mal wound healing at any time. (Table 6)

Discussion

The splenic laceration model was used to compare

several forms of oxidized regenerated cellulose hemo-

stats for use on wounds with mild to moderate

bleeding.

Table 4 Basis mass and layering of ORC hemostats to nor-

malize the groups

Material Basis

mass

mg/cm2

Layers to

normalize

to NW35

Layers to

normalize

to W20

Layers to

normalize

to NW11

W8 8 4 3 2

NW11 11 3 2 1

W20 20 2 1 NA

NW35 35 1 NA NA

NA Not applicable

Table 5 Success ratio and hemostasis time using the swine

splenic incision model

Material Layers Success ratio Mean HT Median HT

NW11 1 4/4 5.7 5.7

NW11 2 4/4 5.6 5.4

NW11 3 4/4 5.6 5.6

W20 1 4/4 5.9 5.6

W20 2 4/4 3.7 3.7

NW35 1 4/4 5.5 5.6

W8 1 2/4 NC NC

W8 2 1/4 NC NC

W8 3 2/4 NC NC

W8 4 3/4 NC NC

Layers Refers to the number of layers of hemostatic product

used in the test group

NC Not calculated due to failures in group

HT Hemostasis time refers to the time required to achieve

control of active bleeding at the site

Success Ratio refers to the number of sites where the material

successfully achieved hemostasis to the number of sites where

it was attempted

Table 6 Summary of average macroscopic, microscopic tis-

sue ranking and response and absorption by treatment group

Interval Test article

NW11 W8

7 day

Macroscopic 0.25 0.50

Microscopic 7.6 6.3

Absorption 12 of 12 Not

absorbed (100 %)

12 of 12 Not

absorbed (100 %)

14 day

Macroscopic 0.25 0.0

Microscopic 6.6 6.4

Absorption 5 of 12 Not absorbed

(42 %)

1 of 12 Essentially

absorbed (8 %)

6 of 12 Completely

absorbed (50 %)

2 of 11 Not absorbed

(18 %)

4 of 11 Essentially

absorbed (36 %)

5 of 11 Completely

absorbed (45 %)

28 day

Macroscopic 0.06 0.0

Microscopic 3.8 3

Absorption 16 of 16 Completely

absorbed (100 %)

15 of 15 Completely

absorbed (100 %)

Macropscopic evaluation of encapsulation of the implant sites

was graded using a 0 to 4 scale

Microscopic evaluation was graded on a 0–60 scale where a

severity score of 0–4 was assigned to each of 9 measures of

inflammation and tissue response. Six of the measures were

double weighted
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In the first stage of hemostasis testing, single and

double layers of NW11 successfully achieved hemos-

tasis, as did double layers of original W8. The time to

achieve hemostasis was significantly less for NW11

than for W8. In fact, single layers of NW11 were faster

than double layers of original W8, and double layers of

NW11 achieved hemostasis in half the time of original

W8. With NW11 the reduction in hemostasis time

ranged from 31 to 51 % compared to original W8.

The general observation that hemostasis time

decreased as the number of layers of hemostat (and

therefore hemostat mass) increased led us to compare

the hemostasis time for several ORC formulations that

were normalized on a mass basis by layering. Table 4

shows the basis mass of the 4 ORC formulations

(ranging from 8 mg/cm2 to 35 mg/cm2) and the

number of layers required to deliver approximately

equivalent amounts of hemostat to the wound site. As

seen in Fig. 1, non-woven materials have a much

higher surface area as compared to woven materials.

We speculate that additional layers of non-woven

material compensate for the relatively lower surface

area of these materials. If this speculation is accurate,

it would explain why additional layers of non-woven

hemostats are not necessary to achive similar hemo-

static efficacy.

The original W8 formulation appeared to work better

by adding more layers, as the success ratio increased when

more layers were applied; likewise the hemostasis time

decreased with increased layers. In contrast, NW11 was

100 % successful and the hemostasis time was consistent

(5.4–5.9 min) regardless of the number of layers. The

hemostatic performance of W20 was somewhat in-

between W8 and NW11; its hemostatic effectiveness

was 100 % regardless of the mass, but hemostasis time

was shorter with 2 layers compared to 1 layer (3.7 min vs

5.6 min). Lastly, NW35, the most dense formulation, was

100 % effective and had a hemostasis time of 5.7 min.

These data suggest that hemostatic performance of

nonwoven ORC materials (NW11 and NW35) does not

depend on the mass of the implant, but mass may be

important for knitted forms (W8 and W20).

Hemostasis time is one of the important consider-

ations when choosing an absorbable hemostat.

Although hundreds of articles have been published

on absorbable hemostats, relatively few address

hemostasis time, and even fewer compare hemostasis

time between products. Among studies that evaluate

hemostasis time, accurate comparison is complicated

by the variety of methods and models used to evaluate

hemostatic control. In the present study 4 varieties of

ORC were directly compared in a swine splenic injury

model and the hemostatic performance was carefully

related to the mass of the hemostat. NW11 was found

to be effective in a single-layer application and could

reduce hemostasis time by more than 50 % relative to

original ORC.

Original ORC has also been compared to commer-

cial (Schwartz et al. 2004; Kheirabadi et al. 2002) and

patient-derived (Davidson et al. 2000; Hanks et al.

2003) fibrin sealants. In a human trial Schwartz and

colleagues reported that hemostasis with an investi-

gational fibrin sealant was approximately twice as fast

as all other commercial hemostats combined; how-

ever, comparison between fibrin sealant and original

ORC is precluded because the hemostasis times for 7

different commercial hemostats were combined and

averaged as a single group. (Schwartz et al. 2004)

Kheirabadi and coworkers compared fibrin sealant

with ORC, microfibrillar collagen, and gelatin sponge

hemostats in sealing an aortic anastomosis in hepa-

rinized rabbits. (Kheirabadi et al. 2002) While this

model found fibrin sealant effective, performance was

measured in volume of blood loss through a suture

line rather than hemostasis time of an open wound,

which impedes comparison with the present study.

Davidson and colleagues compared original ORC

with autologous fibrin sealant in a swine model of

partial hepatectomy and found that fibrin sealant and

ORC both significantly reduced bleeding volume and

Fig. 1 Photograph of four test articles. From Left to Right:
Original Surgicel� Absorbable Hemostat (W8), Surgicel�

SNoWTM Absorbable Hemostat (NW11), Surgicel� Nu-Knit�

Absorbable Hemostat (W20), and Surgicel� FibrillarTM

Absorbable Hemostat (NW35)
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hemostasis time compared to untreated controls.

(Davidson et al. 2000) Hanks and coworkers com-

pared original ORC with autologous fibrin sealant in

69 patients in a broad range of surgical procedures.

They found the hemostasis time for fibrin sealant was

approximately half that of ORC, but digital compres-

sion was not used and the amount of ORC was

unspecified. (Hanks et al. 2003)

The tissue response was acceptable and considered

equivalent for NW11 and original W8 at 7, 14, and

28 days post implantation. At necropsy, there was no

microscopic or macroscopic evidence of treatment-

related dehiscence of skin incisions, biologically relevant

hematoma formation, failure to absorb, or delayed

wound healing. Under the conditions of this study,

NW11 and W8 had similar absorption profiles and were

considered absorbed by 14 days. These data demonstrate

the biocompatibility of this new form of ORC hemostat.

Because many surgeons report frustration that

hemostatic agents target mild to moderate bleeding

and call for more advanced hemostats that can be used

to treat more difficult bleeding situations (i.e. where

clotting factors and platelets may be deficient) further

studies comparing the efficacy of hemostatic products

in severe bleeding models may be pursued next.

Conclusion

In conclusion, under the conditions of this study, the

hemostatic performance of nonwoven ORC materials

does not depend on the mass of the implant, but mass

may be important for knitted forms. We speculate that

additional layers of non-woven material compensate for

the relatively lower surface area of these materials. ORC

was well tolerated and essentially absorbed by 14 days

after implantation. To our knowledge this is the only

publication comparing the hemostatic performance and

local tolerance of these four materials. As such these data

provide guidance to users of these products to select the

best material to balance acceptable hemostatic perfor-

mance with minimal implanted material.
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