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Background: Accidental intravenous (MAP) and survival were monitored for  cular coagulation after BT. HT was purer
introduction of commercial bovine throm- 30 minutes. Thrombin purities and in than BT. In vitro activities were similar.
bin (BT) during use of fibrin glue may vitro activities were examined. Conclusion: Both BT and HT pro-
result in profound hypotension. Commer- Results: MAP nadir was lower (p < duced hypotension. HT appeared safer,
cial human thrombin (HT) is now avail- 0.05) after BT, 27.7 £ 3.3% (mean = because of higher purity. Regardless of
able. This study compared the effects of SEM) of pretreatment MAP, compared source and purity, thrombin must be used
intravenous BT versus HT in swine. with 41.1 = 3.7% after HT. Five of six  with caution.

Metheds: Swine received 30 U/kg animals died after 60 U/kg BT, whereas all Key Words: Thrombin, Hypotension,
BT, 60 U/kg BT, 30 U/kg HT, or 60 U/kg others survived ( < 0.05). Histology sug- Swine, Bovine, Human.

HT intravenously. Mean arterial pressure  gested more severe disseminated intravas-
J Trauma.2001;50:83-90.

hrombin is a serine proteasi(36,000) that plays the fied. Fatal and near fatal hypotensive responses to fibrin glue

pivotal role in coagulation by converting fibrinogen to have been reportetf:®° These have been attributed to the

fibrin.* Although thrombin has numerous physiologic accidental intravascular introduction of commercial bovine
functions? it is used medically for its ability to form fibrin.  thrombin. The risk of accidental introduction of thrombin into
Thrombin is used alone for the control of bleeding from cannuthe vasculature during procedures such as splenic or hepatic
lation sites, for the treatment of aneurysms, and for ophthalmarepair makes the hypotensive response to thrombin a major
logic and burn surgery-> Thrombin is combined with cryopre- concern. This complication must be considered during any
cipitate or other fibrinogen sources to form liquid fibrin gifies procedure in which thrombin or fibrin sealants are used on or
that are used for a wide variety of surgical applicatibsrom-  near lacerated vascular structures.
bin has also been used as a component of dry fibrin sealants The use of bovine thrombin has been associated with the
available commercially in Europe or under investigation in thedevelopment of immune coagulopathies. Patients exposed to

United State§. The most widely used thrombin in the United povine thrombin preparations have developed antibodies to
States has been bovine thrombin. However, a new fibrin glughrombin; fibrinogen; and factors V, X, and Xt-**Anaphy-

product that uses purified human thrombin has recently becomgctic responses also have been repotfed.
available (Tisseel, Baxter Healthcare, Glendale, CA), and others |t js expected that the use of new, highly purified human

are under mvestlgatldi’_ﬁ. _ o _ thrombin preparations will reduce or eliminate the risks as-
Although thrombin is very useful clinically, important gqciated with development of antibodies to thrombin, or to
hemodynamic and immunologic problems have been identiz, 5 rities found in bovine thrombin preparatichslowever,
it is not known whether new formulations may be associated
Submitted for publication January 20, 2000. with hypotensive reactions. These potential responses are
éccep_ter‘]’t f(grz%‘ﬂ";a“‘i_” Qcmtt’te\rlv?l?' ZOOE-W_IK, | important to evaluate, as they may be a determinant in the
opyrig y Lippincott Williams ilkins, Inc. o .
From the U.S. Army Institute of Surgical Research, San Antonio, Texasc'Verall acceptance of new fibrin sealant pr_OdUCtS' Thrombin
(A.E.P, A.V.D), the Departments of Clinical Investigation (S.N.B., R.A.H., has numerous vascular and hemodynamic effects that are
1.E., N.C.C.), Surgery (J.B.H.) and Pathology (R.R.G.), William Beaumont i > L vascu in in-
JIE,N.C.C),S J.B.H.) and Pathol R.R.G.), William B receptor mediatetf In general, intravascular thrombin in
Army Medical Center, El Paso, Texas, the American Red Cross Hollandjyces a reduction in periphera| vascular resistance while
Laboratory, Rockville, Maryland (M.J.M.), and the Blood Research DetaCh'simuItaneoust inducing pulmonary hypertension and sys-
ment, Walter Reed Army Institute of Research, Washington, DC (J.R.H.). mic hvbotension. The precise response mav vary dependin
The opinions or assertions expressed herein are the private views of trf€MIC Nyp : 1on. ) preci P yVv _y P Ing
authors and are not to be construed as official or as reflecting the views 0PN the species studied, the blood vessel studied, and the
the Department of the Army or the Department of Defense. presence or absence of endothelitfmNo study has been
Presented, in part, at the International Society of Thrombosis a”‘bublished that has compared the effects of intravascular bo-

Haemostasis Annual Meeting, June 612, 1997, Florence, ltaly. vine and human thrombin preparations. This information will
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Surgical Research, 3400 Rawley E. Chambers Avenue, Fort Sam HoustoR€ Of importance, in light of the introduction of human
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to characterize and compare the effects of intravascular in- Treatments were infused via the jugular catheter over a

jection of highly purified human thrombin and commercial 15-second period. The doses and rates of administration were
bovine thrombin in swine. Additional objectives were to selected to simulate the maximal accidental introduction of a

compare the activities of bovine and human thrombin orbolus of thrombin during the use of fibrin glue for a proce-

porcine fibrinogen and porcine platelets. dure such as repair of a fractured liver or spleen. After
treatment administration, animals were maintained under an-

MATERIALS AND METHODS esthesia and monitored for 30 minutes or until death, which-

Animals ever came first. Death before 30 minutes was defined as a

Seventeen cross-bred commercial swine weighing 51.8eart rate of zero. At 30 minutes, surviving animals were
+ 4.1 kg (meant SEM) were used for the in vivo study. For killed by an overdose of pentobarbital.
the platelet aggregation study, six additional cross-bred com-  After completion of the study period, each animal was
mercial swine (46.0+ 1.7 kg) were used. Animals were necropsied and examined grossly for evidence of intravascu-
maintained in a facility accredited by the Association for thelar coagulation. Brain, heart, skeletal muscle, lung, liver,
Assessment and Accreditation of Laboratory Animal Carespleen, and kidney samples were collected and examined
International. Studies were approved by the Institutional An-histologically. The pathologist was blinded to treatment at the
imal Care and Use Committees of William Beaumont Armytime of histologic evaluation.
Medical Center, El Paso, Texas, and the U.S. Army Institute
of Surgical Research, San Antonio, Texas. Animals receive
humane care in accordance with the Guide for the Care an
Use of Laboratory Animal$®

ectrophoresis

Sodium dodecyl sulfate—acrylamide gel (7.5%) electro-
phoresis of the thrombin preparations was performed as pre-
viously described? with approximately 10Qug protein run
pn each gel. Thrombin preparations (102 protein) were
also analyzed using a capillary electrophoresis system (Model
P/ACE 5510, Beckman Instruments, Chaska, MN) with a 50
em X 50 um (ID), weakly hydrophobic, dimethyl C4 phase-

In Vivo Study

Animals were fasted 18 to 24 hours before the surgica
procedure, with water allowed ad libitum. After premedica-
tion with glycopyrrolate and a combination of tiletamine HCI

and zolazepam HCI (Telazol, Fort Dodge Laboratories, For .
Dodge, IA), anesthesia was induced with thiopental sodiumcOated column _(Supelco, Bglafonte, PA)Z An analyt|c_al grade
o human thrombin was obtained from Sigma Chemical (St.

The swine were intubated, plficed ona ventl!ator, and maln[ouis, MO) and used as a thrombin standard.
tained with isoflurane. Carotid arterial and jugular venous
catheters were placed surgically. A rectal temperature be-
tween 38.3° and 40.0°C and 15 minutes of stable meafnalysis of In Vitro Thromhin Enzymatic Activity
arterial pressure (MAP) were required before further experi- ~ Thrombin time was determined using an Electra 750
mental procedures. Blood pressure and heart rate were rprecision photo-optical plasma coagulation-timing instrument
corded at 10-second intervals throughout the study periochade by Medical Laboratory Automation (Pleasantville,
using a continuous data collection system (Micro-Med, Lou-NY). A fresh porcine fibrinogen solution (300 mg/mL) was
isville, KY). made daily using a 0.154 mol/L sodium chloride solution
This study was developed on the basis of & 2 factorial ~ (normal saline) at 37°C. High-purity>95%) bovine and
design, with two thrombin types (bovine and human) and twchuman thrombin (1,000 U/mL) solutions were prepared using
thrombin doses (30 U/kg and 60 U/kg body weight). Animalsa solution containing calcium chloride (Cg¥0.050 mol/L)
were assigned randomly to receive one of the four treatments: 3hd albumin (70 mg/mL). Human calibration plasma, human
U bovine thrombin per kilogram body weight (Bov30), 60 U fibrinogen control, and bovine thrombin control (Instrumen-
bovine thrombin per kilogram body weight (Bov60), 30 U hu- tation Laboratory, Lexington, MA) were used as standards.
man thrombin per kilogram body weight (Hum30), or 60 U All reagents were purchased from Sigma Chemical unless
human thrombin per kilogram body weight (Hum60). After otherwise indicated.
three animals were assigned to each treatment group, additional The operation of the Electra 750, including calibration
animals were randomized to the Hum60 and Bov60 groups onlyand controls, was performed as indicated by the operators’
The numbers of animals in each of the groups were Bov38, n manual. This assay was derived from the standard thrombin
3; Bov60, n= 6; Hum30, n= 3; and Hum60, n= 5. time assay?’ with the described modifications. The bovine
The bovine thrombin preparation used was Thrombostaand human thrombin solutions were prepared by serial dilu-
(Parke-Davis, Morris Plaines, NJ). The human thrombintions using a CaGl(0.05 mol/L) and albumin (70 mg/mL)
preparation was prepared by Baxter Healthcare. Each prepaelution, at room temperature. All reagents and materials
ration was reconstituted to a concentration of 1,000 U/mL inwere maintained at 37°C during the assay procedure. Throm-
sterile physiologic saline. Thrombin activity for each prepa-bin test sample and porcine fibrinogen solution were com-
ration was confirmed independently by Dr. Foster Irwin bined and clot formation time was determined by standard
(GenTrac, Inc., Middleton, WI). methods. Final concentrations were 150 mg/dL porcine fi-
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Tahle 1 Mean Arterial Pressure after Bovine or Human Thrombin (Mean = SEM)

Bov30 Bov60 Hum30 Hum60

Pretreatment MAP (mm Hg) 62 + 4% 69 + 22 52 + 4° 60 + 3%

Initial nadir MAP (mm Hg) 16 = 4 20+ 3 24 + 4 23+3

Initial nadir MAP (percent of pretreatment MAP) 25.1 =58 29.3 +4.0 46.1 = 5.7 38.1 =49

Time from treatment to MAP nadir (s) 83 = 11 70+ 8 77 =11 70 =10

ab Different superscripts within row differ (p < 0.05).

brinogen, 35 mg/mL albumin, and 0.025 mol/L CaCAll groups only) were compared by Fisher’'s exact test using the
tests were performed in duplicate. FREQ procedure of SA%:

To confirm the activities of the two thrombins on a
National Institutes of Health unit basis, prothrombin times forRESULTS
the bovine and human thrombins (2 U/mL) were performedn Vivo Study
with control human plasma, using standard procedures. Ten All animals in the Bov30, Hum30, and Hum60 groups
replicates of each thrombin type were analyzed. Prothrombisurvived the 30-minute study period. Survival was greater
times for the bovine and human thrombins were 14t186.18  (p < 0.05) in the Hum60 group than in the Bov60 group, in
seconds and 14.138 0.13 seconds, respectively, and did notwhich one of six animals survived the study period. Mean

differ significantly. survival time for animals that did not survive the study period
was 326 26 seconds.
Platelet Aggregation An initial hypotensive response was observed after treat-

The aggregation responses of porcine platelets to puriment administration in each group (Table 1). No differences
fied human thrombin, purified bovine thrombin, and the among treatments were noted for either the time to nadir or
Parke-Davis bovine thrombin preparation were determinedthe MAP at nadir of the initial hypotensive response. When
Purified bovine and human thrombins were purchased frontata were expressed as percentage of pretreatment MAP and
Sigma and reconstituted at 1,000 U/mL in a solution containexamined across doses, a main effect of thrombin type was
ing CaCl, (0.05 mol/L) and albumin (70 mg/mL). Throm- detected. The MAP at the initial hypotensive nadir in pigs
bostat (Parke-Davis) was reconstituted in the same mannehat received bovine thrombin was 277 3.3% of the pre-
Using an Electra 750 coagulation timing instrument, thetreatment MAP, which was lowep(< 0.05) than the mean
thrombin preparations were adjusted to equal concentrationsf 41.1 = 3.7% observed in pigs that received human
on the basis of thrombin activity units. Platelet aggregatiorthrombin.
assays were performed using a PACKS-4 aggregometer (Hel- Figure 1 depicts changes in the MAP with time relative
ena Laboratories, Beaumont, TX). Porcine blood was colto the initial MAP nadir, expressed as percentage of pretreat-
lected using sodium citrate as an anticoagulant. Blood wament MAP, for all animals. Within each treatment group, the
centrifuged at 550< g for 10 minutes. Platelet-rich plasma MAP at nadir was significantly different from the pretreat-
was collected and washed two times with Hank’s balancednent MAP @ < 0.01). In the Bov30 group, MAP returned to
saline solution. Platelets were counted and reconstituted atstarting levels by 260 seconds after nadir. The Hum30 group
concentration of 1x 10°/mL. Platelet aggregation studies returned to pretreatment MAP by 50 seconds and the Hum60
were performed by standard methods at 37°C with a finagroup returned by 120 seconds. The Bov60 MAP did not
thrombin concentration of 1 U/mL. The maximum aggrega-return to pretreatment MAP at any time. The MAP for the
tion was determined and expressed as percentage of futbur groups followed similar patterns through 30 seconds
aggregation. One hundred percent aggregation was defined aier nadir. At 40 seconds, MAP in the Hum30 and Hum60
the difference in light transmission through the platelet susgroups were highemp(< 0.05) than in the Bov30 and Bov60
pension and the Hank's balanced saline solution withougroups, which did not differ. MAP in the Bov30 did not differ

platelets. Samples were analyzed in triplicate. significantly from the Hum30 or Hum60 groups after 230
seconds after treatment. In the single Bov60 animal that
Data Analysis survived the study period, MAP returned to levels similar to

All continuous data were analyzed by analysis of vari-the starting MAP.
ance using the General Linear Model procedure of SAS (SAS In all treatment groups, vascular congestion and atelec-
Institute, Cary, NC¥? Statistical models were used that ac- tasis were observed to some degree. Intravascular thrombi,
counted for the effects of thrombin type, thrombin dose, theaanging from diffuse microscopic thrombi to grossly apparent
thrombin type by thrombin dose interaction, and time. Pre<lots within the vena cava, heart chambers, pulmonary artery,
planned comparisons were madetligst, with correction for and aorta, were observed only within the Bov60 group. Ev-
multiple comparisons. Data are expressed as meaS8&M.  idence of disseminated intravascular coagulation (DIC) was
Proportions of animals surviving the study period (60-U/kgmuch more extensive in the Bov60 group than in the Hum60
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Fig. 1. Initial hypotensive response and postnadir recovery in swine infused with various thrombin preparations. All animals are included (Bov30
n = 3; Bov60, n= 6; Hum30, n= 3; Hum60, n= 5). Time 0 is the nadir of the initial hypotensive response. Means and SEM are shown.

group. At the 30-U/kg body weight dose, evidence of DICthe Parke-Davis bovine thrombin preparation. In the Parke-
was greatly reduced for both thrombin types. Consistent witlDavis bovine thrombin preparation, 25% of the protein
the results at the 60-U/kg treatments, gross and histologipresent was thrombin. In the Baxter Healthcare human
evidence of DIC was more extensive in the Bov30 than in thehrombin, 6% of the protein was thrombin.
Hum30 group.
Analysis of In Vitro Thrombin Activity

Electrophoresis For both bovine and human thrombin, the relationship

Gel analysis of the Parke-Davis bovine thrombin prepabetween thrombin concentration and clot formation time was
ration (Fig. 2B) indicated several protein bands of various logarithmic for thrombin concentrations between 0.78 and
sizes, including a thrombin band s, 36,000, similar to that 12.5 U/mL (Fig. 4). The relationship is described by the
of the thrombin standard (Fig.Q3. In contrast, the Baxter equation time= —2.17 (natural log thrombin concentration)
Healthcare human thrombin preparation yielded a prominent 14.06 (R = 0.96), for bovine thrombin. For human throm-
albumin band ¥, 66,000) with a faint band of thrombin (Fig. bin, the relationship is described by the equation time
2A). It was reported by the suppliers that the albumin was—2.90 (natural log thrombin concentration) 14.16 (R =
added to the human thrombin preparation as a stabilizef.92). Clot formation times did not differ between bovine and
Capillary electrophoresis of the bovine thrombin preparatiorhuman thrombin at any concentration studied.
resulted in several peaks including that of thrombin (FEj. 3
Analysis of the human thrombin preparation revealed a majoPlatelet Aggregometry
peak (presumably albumin) with two other minor peaks, one  There was no effect of thrombin type on aggregation of
of which was thrombin (Fig. 8). The location of thrombin is porcine platelets. Platelet aggregation was 31.4.1%, 29.5
shown clearly in the profile for the thrombin standard + 4.1%, and 32.4+ 4.1%, in response to 1 U/mL purified
(Fig. 3C, arrow). Data indicate that the human thrombin bovine thrombin, Parke-Davis bovine thrombin, and purified
preparation from Baxter Healthcare was much more pure thahuman thrombin, respectively.
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that the Parke-Davis bovine thrombin formulation contains
factors V, X, and XI**~**Kallikrein has also been identified
in this bovine thrombin product (D. Frazier, personal
communication).

In the current study, DIC occurred after intravenous
infusion of either bovine or human thrombin, as indicated by
the findings of grossly visible intravascular clots, intravascu-
lar microthrombi, and vascular congestion. At the 60-U/kg
body weight dose, the DIC induced by bovine thrombin was
much more severe than that induced by human thrombin. In
the Bov60 group, just 17% of the pigs survived the 30-minute
study period, compared with a 100% survival rate in the
Hum60 animals. At the 30-U/kg body weight dose, gross and
histologic evidence of DIC were also more extensive in the
bovine thrombin group than in the human thrombin group.
Similar dosages have been used previously to produce
DIC.?*72% No previous study has compared the DIC re-
sponses to thrombin preparations from two different species,

Fig. 2. Sodium dodecyl! sulfate—acrylamide gel electrophoresis of" with two markedly dlﬁerent purities. . .
, ) . . Thrombin enzymatically converts fibrinogen to fibrin.
bovine and human thrombin preparations) (Human thrombin . . .
. . ) . The structures of bovine and human thrombin are different,
preparation (Baxter Healthcare)p)f bovine thrombin preparation . . S .
. . : ) although there is a high degree of conservation in the regions
(Parke-Davis), andd) human thrombin standard (Sigma Chemical). . . . '
. . that constitute the enzymatically active sit&here are also
Thrombin band is located al, 36,000. . . . o
species differences in the structure of fibrinogénThe
thrombin doses used in this study were standardized on the
DISCUSSION basis of the National Institutes of Health unit, which is a
The purities of the thrombin preparations used in thismeasure of thrombin activity with human fibrinogen as a
study were markedly different, with the human preparationsubstrate. Conceivably, the two thrombins could have differ-
more pure than the bovine. It is clear from Figures 2 and 3ng activities on porcine fibrinogen. A difference of this
that thrombin constitutes only a fraction of the total materialnature could explain a difference in DIC. To address this
contained in each of the preparations. The presence of impypossibility, we examined the rates at which bovine and hu-
rities in bovine thrombin preparations has been previouslynan thrombin convert porcine fibrinogen to a detectable clot.
demonstrated®?® Immunologic data from patients suggest The enzymatic activities of the two thrombins were similar

29

Volume 50 o Number 1 87



The Journal of TRAUMA® Injury, Infection, and Critical Care

30

25

20

—>—Hum
15 —i—Bov

Clot Detection Time (Sec)

10

0 T T T T T T
0 2 4 6 8 10 12 14

Thrombin Concentration (U/ml)

Fig. 4. Activities of bovine and human thrombin with porcine fibrinogen as a substrate. Mean clot formation times and SEM are shown. Datz
represent 10 replicates of each thrombin type at each concentration.

(Fig. 4). Therefore, the differences in the degree of DICprevious reports of responses between 13% and 57%;.
cannot be explained by differences in thrombin enzymatidifferences among species in the platelet aggregatory re-
activity. sponse to thrombin have been documerifethis is the first
Activation of platelets by thrombin is mediated by spe-reported comparison of the responses of porcine platelets to
cific receptors on the platelet membrane, and is dependent ahrombins from different species. The platelet responses to
the enzymatic activity of the thrombin molec#é®A higher  bovine and human thrombin did not differ, suggesting that
degree of platelet activation could result in more extensivalifferences in platelet activation by the injected thrombin
DIC. Species differences in the responsiveness of platelets toeatments cannot explain the differences in DIC noted. The
thrombin are knowrf® However, a difference in the respon- finding that the aggregation response to the Parke-Davis
siveness of platelets on the basis of the species from whicthrombin preparation was similar to the observed responses to
the thrombin was derived has not been confirmed. In onghe purified bovine and human thrombins suggests that im-
study, bovine thrombin had a slightly higher affinity for purities presentin the Parke-Davis preparation do not directly
human platelets than did human thrombin, but in terms ofctivate platelets.
platelet activation, the authors concluded that the two throm-  Another possible explanation for the differing degrees of
bins were nearly functionally identical.In other studies in  DIC observed is that the infusion of the bovine preparation
which bovine and human thrombin have been compared imay have resulted in an accelerated conversion of native
their abilities to effect receptor-mediated events, the resultprothrombin to native thrombin. As mentioned eatrlier, the
have been similar for the two thrombif%;32 although dif-  Parke-Davis topical bovine thrombin preparation appears to
ferences were detected in one stidy. contain factors V, X, and Xl. Because thrombin directly
In the current study, the aggregation of porcine plateletsactivates factors V and X it is possible that these coagu-
was similar in response to bovine and human thrombin. Théation factors are converted to the active form once the prep-
aggregation responses of porcine platelets to the thrombingyation is reconstituted. Both the activated and proenzyme
which ranged from 29.5% to 32.4%, are consistent withforms of factor X have been isolated from this prodtfct.
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Activated factors V, X, and Xl, as well as thrombin, contrib- here suggest that a difference in the ability of the two throm-
ute directly or indirectly to formation of the prothrombinase bins to activate thrombin receptors would not be expected.
complex?” Therefore, the presence of factors V, X, and XI Additionally, we have shown that human and bovine throm-
in the bovine thrombin preparation may lead to an increasedins yield similar aggregation responses in porcine platelets.
rate of assembly of the prothrombinase complex, with araken together, currently available data suggest that a differ-
resultant increase in intravascular conversion of native proence in the abilities of bovine and human thrombin to activate
thrombin to thrombin. Additionally, the presence of kallikrein porcine vascular thrombin receptors is not likely.
in the preparation may contribute to the activation of the  As discussed earlier, the bovine thrombin preparation
intrinsic clotting cascade and thereby lead to the generation ahay have caused an increase in the conversion of native
native thrombir®® The generation of thrombin by bovine prothrombin to native thrombin, attributable to impurities.
thrombin preparations has previously been documented ithis phenomenon could explain the deeper and more pro-
vitro.?2 Increased generation of native thrombin from nativelonged hypotensive response observed with the bovine
prothrombin through the actions of impurities present in thehrombin preparation. Another explanation may be that one
Parke-Davis bovine thrombin is the most likely explanationor more of the impurities were vasoactive. Factor Xa is a
for the differences in DIC noted between bovine and humarvasodilator that may act through a receptor similar to the two
thrombin. known thrombin receptor¥. The presence of kallikrein in the
Thrombin dosages as low as 4 to 10 U/kg body weightbovine preparation raises the possibility of the generation of
have elicited transient hypotension experiment3ily® The  bradykinin, a potent vasodilatd?.
vascular response to thrombin is receptor medfatednd Thrombin purity appears to be very important. The pres-
varies, depending on the functional status of the endotheliunence of impurities in the bovine thrombin preparation is the
the blood vessel involved, and the species stutliidd.gen-  most likely explanation for the differences in the DIC and
eral, when thrombin acts on the endothelium, there is amypotensive responses observed in this study. The physical
endothelium-dependent vasodilation that is mediated by nitriform of the thrombin used may also be important. Hypoten-
oxide. When thrombin acts directly on vascular smooth mussive responses after the use of thrombin as a component of
cle, vasoconstriction resultd.The transient hypotensive re- fibrin glue have been reportéd® However, this has not been
sponse to thrombin is believed to be primarily attributable toreported after the use of thrombin in the form of a dry fibrin
peripheral vasodilation, with subsequent reduction in periphsealant. In studies in which thrombin has been used experi-
eral vascular resistance. mentally as a component of dry fibrin sealants in dbys,
For each of the thrombin types and doses studied, thergoats? rats;"® and swin€* no hypotensive responses related
was an initial, rapid decline in MAP (Fig. 1) and the initial to the hemostatic bandages have been reported. Additionally,
patterns of decline were similar. During the postnadir recovthere have been no published reports of hypotension after the
ery from the initial hypotensive response, the patterns in theise of thrombin as a component of dry fibrin sealants avail-
bovine and human thrombin groups differed. The hypotenable for human use in Europe.
sive response was more profound and prolonged in the Bov30 Our findings suggest that the purity of the thrombin
and Bov60 groups. Five of six animals in the Bov60 grouppreparation chosen for surgical use is extremely important.
failed to return to starting MAP and died. In the Bov30 group, The purities of commercial thrombin preparations may vary
the MAP returned to the preinfusion level by 240 secondgreatly. Purity should be known before use. Although it
after nadir, whereas the Hum30 and Hum60 groups returnedppears that the purified human preparation is safer than the
by 50 and 120 seconds, respectively. Between 40 and 24fovine preparation, a profound hypotensive response to in-
seconds after nadir, MAP was lower in the Bov30 than in theravenous human thrombin was demonstrated in this study.
Hum30 or Hum60 groups (Fig. 1). Caution must be exercised in the clinical use of thrombin
It is possible that the prolonged hypotensive respons@reparations, regardless of source and purity.
observed in the pigs that received the bovine thrombin prep-
aration was the result of a greater potency of bovine thrombifi{GKNOWLEDGMENTS
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rats produced similar edema for the two thrombin tyjFes. _ _
The ability of thrombin to activate thrombin receptors is 1. Fenton JWHI, Landis BH, Walz DA, et al. Human thrombin:
) L. ) L. preparative evaluation, structural properties, and enzymic SPECIfICIty.
dependent on the enzymatic activity of thrombin. The similar . Bing BH, ed.The Chemistry and Physiology of the Human
enzymatic activities of bovine and human thrombin reported  Plasma ProteinsNew York: Pergamon Press; 1979:151-183.

Volume 50 o Number 1 89



10.

11.

12.

13.

14.

15.
16.
17.

18.

19.

20.
21.
22.

23.

20

The Journal of TRAUMAY® Injury, Infection, and Critical Care
|

Goldsack NR, Chambers RC, Dabbagh K, Laurent GJ. Molecules in 24.

focus: thrombinlInt J Biochem Cell Biol1998;30:641—-646.
Vaziri ND. Topical thrombinNephron.1979;24:254-256.

Cope C, Zeit R. Coagulation of aneurysms by direct percutaneous 25.

thrombin injection. AJR Am J Roentgendl986;147:383-387.
Olsen TW, Sternberg P, Martin DF, Capone A Jr, Lim JI, Aaberg

TM. Postoperative hypopyon after intravitreal bovine thrombin for ~ 26.

macular hole surgeryAm J Ophthalmol1996;121:575-577.
Sierra DH. Fibrin sealant adhesive systems: a review of their

chemistry, material properties and clinical applicatioh&iomater 27.

Appl. 1993;7:309-352.

Holcomb JB, Pusateri AE, Hess JR, et al. Implications of new dry  28.

fibrin sealant technology for trauma surge8urg Clin North Am.
1997;77:943-952.
Tock BB, Drohan WN, Hess JR, Pusateri AE, Holcomb JB,

MacPhee MJ. Advanced fibrin sealant technologies and the future 29.

management of hemorrhage diasthesis in haemophiliacs.

Haemophilia.1998;4:449-455. 30.

Oschner M, Maniscalco-Theberge M, Champion H. Fibrin glue as a
hemostatic agent in hepatic and splenic traudn@rauma.1990;

30:884-887. 31

Berguer R, Staerkel R, Moore E, Moore F, Galloway W, Mockus M.

Warning: fatal reaction to the use of fibrin glue in deep hepatic 32.

wounds: case reportd. Trauma.1991;31:408-411.
Israels SJ, Leaker MT. Acquired inhibitors to factor V and X after
exposure to topical thrombin: interference with monitoring of low

molecular weight heparin and warfari.Pediatr.1997;131:480— 33.

483.
Chouhan VD, De La Cadena RA, Nagaswami C, Weisel JW, Kajana

M, Rao AK. Simultaneous occurrence of human antibodies directed 34.

against fibrinogen, thrombin, and factor V following exposure to
thrombin: effects on blood coagulation, protein C activation and

platelet function.Thromb Haemost1997;77:343-349. 35.

Carroll JF, Moskowitz KA, Edwards NM, Hickey TJ, Rose EA,
Budzynski AZ. Immunologic assessment of patients treated with

bovine thrombin as a hemostatic ageRromb Haemost1996; 36.
76:925-931.
Cmolik BL, Spero JA, Magovern GL, Clark RE. Redo cardiac 37.

surgery: late bleeding complications from topical thrombin-induced

factor V deficiency.J Thorac Cardiovasc Surd.993;105:222-227. 38.

Milde LN. An anaphylactic reaction to fibrin gluAnesth Analg.
1989;69:684-686.

Coughlin SR. How thrombin talks to cells: molecular mechanisms  39.

and roles in vivoArterioscler Thromb Vasc Bioll998;18:514-518.
Glusa E. Vascular effects of thrombBemin Thromb Hemost992;

18:296-304. 40.

National Research Counciuide for the Care and Use of
Laboratory AnimalsWashington, DC: National Academy Press;

1996. 41.

Bhattacharyya SN, Kaufman B, Khorrami A, Enriquez JI, Manna B.
Fibronectin: source of mannose in a highly purified respiratory

mucin. Inflammation.1988;12:433—446. 42.

Hardistry RM, Ingram GICBleeding Disorders; Investigation, and
ManagementPhiladelphia: FA Davis Co; 1966:285-318.

SAS Institute SAS/Stat User's Guide, Version4h ed. Vol 1 and 43.

2. Cary, NC: SAS Institute; 1989.
Yin ET, Wessler S. Bovine thrombin and activated factot)Riol

Chem.1968;43:112-117. 44,

Suzuki S, Sakuragawa N. A study of the properties of commercial
thrombin preparationsThromb Res1989;53:271-277.

Hardaway RM, Watson HE, Weiss FH. Alterations in blood
coagulation mechanism after intra-aortic injection of throm#irch
Surg.1960;81:983-991.

Quick AJ, Hussey CV, Harris J, Peters K. Occult intravascular
clotting by means of intravenous injection of thromb#m J
Physiol.1959;197:791-794.

Girolami A, Cliffton EE, Agostino D. Hemorrhage syndrome in dogs
induced by intravenous thrombifthromb Diath Haemorrh1966;
16:243-256.

Doolittle RF. The structure and evolution of vertebrate fibrinogen.
Ann N Y Acad Scil983;408:13-27.

Derian CK, Santulli RJ, Tomko KA, Haertlein BJ, Andrade-Gordon
P. Species differences in platelet responses to thrombin and
SFLLRN. Receptor-mediated calcium mobilization and aggregation,
and regulation by protein kinaseBhromb Res1995;78:505-519.
Shuman MA, Tollefsen DM, Majerus PW. The binding of human
and bovine thrombin to human plateleBlood. 1976;47:43-54.

White RP, Chapleau CE, Dugdale M, Robertson JT. Cerebral arterial
contractions induced by human and bovine thromBimoke.1980;
11:363-368.

Janssens WJ, Verhaeghe RH. Effect of thrombin on isolated canine
blood vesselsBlood Vessels1982;19:126—-134.

Lee KR, Kawai N, Kim S, Sagher O, Hoff JT. Mechanisms of
edema formation after intracerebral hemorrhage: effects of thrombin
on cerebral blood flow, blood-brain barrier permeability, and cell
survival in a rat modelJ Neurosurg.1997;86:272-278.

Joyner WL, Yonce LR, latridis PG. Vasodilator response in the
hindlimb (dog) to various thrombin preparatiodsn J Physiol.
1973;225:487-492.

Kinlough-Rathbone RL, Rand ML, Packham MA. Rabbit and rat
platelets do not respond to thrombin receptor peptides that activate
human plateletsBlood. 1993;82:103-106.

Connolly TM, Condra C, Feng D, et al. Species variability in
platelet and other cellular responsiveness to thrombin receptor-
derived peptidesThromb Haemost1994;72:627—633.

DiCera E, Dang QD, Ayala YM. Molecular mechanisms of thrombin
function. Cell Mol Life Sci.1997;53:701-730.

Fenton JW Il, Ofuso FA, Brezniak DV, Hassouna HI. Thrombin and
antithrombotics Semin Thromb Hemost998;24:87-91.

Colman RW, Schmaier AH. Contact system: a vascular biology
modulator with anticoagulant, profibrinolytic, antiadhesive, and
proinflammatory attributesBlood. 1997;90:3819-3843.

Groth CG, Lofstrom B, Murak O. Effect of intravasal coagulation on
the peripheral blood flowActa Anaesthesiol Scanii964;15:118—

119.

Schaeffer P, Mares A, Dol F, Bono F, Herbert J. Coagulation factor
Xa induces endothelium-dependent relaxations in rat aGita.Res.
1997;81:824-828.

Cornum RL, Morey AF, Harris RA, et al. Does the absorbable fibrin
adhesive bandage facilitate partial nephrectogy®ol. 2000;
164:864—-867.

Holcomb JB, MacPhee MJ, Hetz SP, Harris RA, Pusateri AE, Hess
JR. Efficacy of a dry fibrin sealant dressing for hemorrhage control
after ballistic injury.Arch Surg.1998;133:32-35.

Jackson MR, Taher MM, Burge JR, Krishnamurti C, Reid TJ,
Alving BM. Hemostatic efficacy of a fibrin sealant dressing in an
animal model of kidney injuryd Trauma.1998;45:662—665.

Larson MJ, Bowersox JC, Lim RC Jr, Hess JR. Efficacy of a fibrin
hemostatic bandage in controlling hemorrhage from experimental
arterial injuries.Arch Surg 1995;30:420-422.

January 2001



