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Objective
To determine prospectively the immunologic response and
adverse clinical events in surgical patients exposed to bovine
thrombin during cardiac surgical procedures.

Summary Background Data
Topical bovine thrombin is used extensively as a hemostatic
agent during cardiovascular surgery. Antibodies developing
after exposure to bovine thrombin have been anecdotally as-
sociated with hemorrhagic complications.

Methods
One hundred fifty-one patients undergoing cardiac surgical
procedures were prospectively recruited for this study before
surgical exposure with topical bovine thrombin. Immunoas-
says were used to determine antibody levels against both bo-
vine and human coagulation proteins before and after expo-
sure to bovine thrombin. Alterations in coagulation assay
parameters and adverse clinical events were followed in all
patients enrolled in the study.

Results
Baseline elevated antibody levels to one or more bovine co-
agulation proteins were observed most frequently in patients
with a prior history of a surgical procedure during which bo-
vine thrombin is frequently used. More than 95% of patients
developed a seropositive response to bovine coagulation pro-
teins, and 51% manifested elevated antibody levels to the
corresponding human coagulation proteins after bovine
thrombin exposure. Postoperative coagulation abnormalities
were more common in patients with antibodies to human co-
agulation proteins. Patients with multiple elevated antibody
levels to bovine proteins before surgery were more likely to
sustain an adverse clinical outcome after surgery. Using a lo-
gistic regression model, the adjusted odds ratio for sustaining
an adverse event with multiple elevated antibody levels to bo-
vine proteins before surgery was 5.40.

Conclusions
Bovine thrombin preparations are highly immunogenic and
appear to be associated with an increased risk for adverse
clinical outcomes during subsequent surgical procedures. The
clinical safety of these commonly used preparations needs to
be reassessed, and reexposure to these agents should likely
be avoided.
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In the United States, an estimated 250,000 patients un-
dergo coronary artery bypass grafting (CABG) and more
than 60,000 patients undergo cardiac valve surgery annual-
ly.1,2 As many as 7% to 12% of these patients require
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a second (or subsequent) procedure.3,4 Topical thrombin
preparations have been used as hemostatic agents during
cardiovascular surgery for years and may be applied as a
spray, a paste, or a component of fibrin glue.5 All single-
component thrombin preparations currently in use in the
United States are prepared from bovine plasma.5

Patients exposed to topical thrombin preparations may
develop antibodies to bovine thrombin, factor V, and vari-
ous other proteins found in these preparations.6–9 Antibody
development is generally detected as a prolonged thrombin
clotting time, because this assay frequently uses bovine
thrombin.10 In some cases, these antibodies cross-react with
the corresponding human coagulation proteins, specifically
factor V, resulting in hemorrhagic complications.6,11

Few studies have addressed the frequency with which
these antibodies develop after exposure to bovine thrombin
and how commonly antibody development results in ad-
verse clinical events. Bänninger et al12 described prolonged
thrombin clot times and low factor V levels in 11 of 24
patients treated with fibrin glue during cardiovascular sur-
gery. All 11 patients had received fibrin glue-treated pros-
thetic valves or aortic grafts. In contrast, the 13 patients who
underwent CABG did not develop abnormal results on
coagulation studies.12 None of the patients developed hem-
orrhagic complications. Carroll et al13 described 21 patients
treated with a fibrin sealant prepared with bovine fibrinogen
and bovine thrombin, all of whom developed antibodies to
bovine fibrinogen, thrombin, and factor V. Cross-reacting
antibodies to human thrombin and factor V were observed
in most patients, but none of the patients developed a
clinically significant complication.13 No studies have pro-
spectively investigated the development of antibodies after
exposure to bovine thrombin alone.

In this study we prospectively collected serologic, hema-
tologic, and clinical outcomes data in 151 patients under-
going cardiac surgical procedures before and after exposure
to bovine thrombin. From these data we sought to address
four questions: What is the incidence of anticlotting factor
antibody development in patients exposed to bovine throm-
bin? Does the type of surgery, amount of bovine thrombin
administered, or history of prior surgery influence the risk of
developing anticlotting factor antibodies? How frequently
do antibodies directed against bovine coagulation proteins
cross-react with the corresponding human proteins? Are
these anticlotting factor antibodies associated with an in-
creased risk for the development of postoperative
complications?

METHODS

Patients

All patients undergoing CABG or cardiac valve surgery
at Duke University Medical Center were eligible for this
study. Exclusionary criteria included abnormal baseline co-
agulation study results that did not occur because of anti-

coagulant therapy, and enrollment in a separate study that
precluded inclusion in this study. Informed consent was
obtained from all patients, as approved by the Institutional
Review Board at Duke University Medical Center and in
accordance with the ethical standards of the Helsinki Dec-
laration of 1975.

Patients were stratified into those undergoing CABG and
those undergoing cardiac valve replacement surgery, be-
cause patients undergoing the latter were potentially ex-
posed to a greater amount of bovine thrombin during sur-
gery.12 Baseline information recorded for each patient
included all previous surgical procedures, medications, and
comorbid conditions (specifically, diabetes mellitus, hyper-
tension, prior myocardial infarction, stroke, tobacco use,
peripheral vascular disease, chronic obstructive pulmonary
disease, ulcer disease, congestive heart failure, and a family
history of coronary artery disease). Prior surgical proce-
dures during which a patient may have been exposed to
topical bovine thrombin included median sternotomy for
CABG or cardiac valve replacement, carotid endarterec-
tomy, peripheral vascular surgery, total hip or knee replace-
ment, or diskectomy. Patients who had undergone one of
these procedures in the past 10 years were identified as
potentially having been exposed to topical bovine thrombin.

No changes in the attending physician’s practice were
requested. The decision to administer topical bovine throm-
bin was made by the surgeon during surgery. Based on
clinical practice at Duke University Medical Center, throm-
bin use was recorded as follows: sternal paste (approximate-
ly 4,000 units thrombin), thrombin-soaked Gelfoam collars
(approximately 5,000 units thrombin), direct thrombin spray
(approximately 5,000–20,000 units thrombin), and as a
component of fibrin glue (approximately 20,000 units
thrombin).

Clinical information documented and evaluated through-
out the patient’s hospital stay included adverse events, med-
ications and blood products used, and clinical laboratory
results obtained as part of the patient’s regular medical care.
Adverse events included hemorrhagic complications, in-
cluding postoperative bleeding reported as excessive or
necessitating surgical intervention, unanticipated nonsurgi-
cal bleeding (e.g., gastrointestinal bleeding), or blood prod-
uct transfusion more than 2 days after surgery; thromboem-
bolic complications; wound healing complications (e.g.,
prolonged wound healing, wound infection); and death.
Isolated blood product transfusion within the first 48 hours
after surgery was not included as an adverse event. Addi-
tional complications developing after discharge from the
hospital were reviewed when the patient was contacted 4 to
8 weeks after surgery.

Plasma and serum samples were obtained before surgery
and at 24 to 48 hours, 4 to 7 days, and 4 to 8 weeks after
surgery. Samples were processed as described14 and stored
at -80°C until analyzed.
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Reagents

Purified human and bovine prothrombin, thrombin and
factor V, and bovine factor Va, were obtained from Haema-
tologic Technologies, Inc. (Essex Junction, VT). The topical
bovine thrombin preparation used was Thrombogen (John-
son & Johnson Medical, Inc., Arlington, TX). The murine
monoclonal antibody 6A5 is an IgG1 antibody that binds to
the second C-type domain of human factor V.15 All other
reagents were obtained from Sigma Chemical Corp. (St.
Louis, MO).

Immunologic Testing

Antibodies to topical thrombin were detected by enzyme-
linked immunosorbent assay (ELISA). Briefly, topical
thrombin was diluted 1:100 in phosphate-buffered saline
(PBS), pH 7.4, coated onto microtiter plate wells, and
incubated overnight at 4°C. The wells were blocked with
0.25% (wt/vol) nonfat dry milk/0.2% Tween 20 in PBS
(blocking buffer) and then incubated with 50mL of a 1:10
dilution of patient serum in blocking buffer for 1 hour at
37°C. Bound IgG and IgM were detected as previously
described.16

The normal range was determined with 50 normal per-
sons, recruited from laboratory and clinic personnel. An
elevated antibody level was defined as greater than two
standard deviations above the normal mean. Each ELISA
plate included two normal donors and two patients with
known antibodies to the topical thrombin preparation (pa-
tients R.S. and M.J.6) as negative and positive controls,
respectively. Each plate also included wells incubated with
all reagents except for the diluted serum, which provided the
background absorbance that was subtracted from all results.

Antibodies to bovine factor V and factor Va were iden-
tified as described above, except that the microtiter plate
wells were coated with 50mL of 5 mg/mL bovine factor V
or factor Va instead of topical thrombin. Antibodies to
bovine prothrombin were identified as described previous-
ly.16 Antibodies to purified bovine thrombin were deter-
mined as described for antibodies to prothrombin, except
that purified bovine thrombin (5mg/mL) was used to coat
the microtiter plate wells.

Antibodies to human factor V were identified by coating
microtiter plate wells with the murine monoclonal antihu-
man factor V antibody 6A5 (50mL of 2.5 mg/mL overnight
at 4°C). The wells were washed and blocked, after which
they were incubated with 50mL of 5 mg/mL human factor
V. The wells were then incubated with a 1:10 dilution of
patient plasma for 1 hour at 37°C. Bound IgG was detected
as described above. Antibodies to human prothrombin and
thrombin were identified as described for the corresponding
bovine proteins.

Coagulation Testing

All coagulation assays were performed in duplicate on an
ST4 mechanical coagulometer (Diagnostica Stago,
Asnieres-sur-Seine, France). Duplicate samples that dif-
fered by more than 10% were repeated. Prothrombin times
were assessed using the thromboplastin MDA Simplastin L
(Organon Teknika, Durham, NC), which had an interna-
tional sensitivity index of 2.0. Activated partial thrombo-
plastin times were performed with the auto-aPTT reagent
(Organon Teknika). Thrombin clot times were determined
with bovine thrombin (Thrombogen). Normal ranges were
established for each assay using the 50 normal donors, and
a prolonged result was defined as greater than two standard
deviations above the mean.

Statistical analysis

The usual chi-square test for homogeneity or the Fisher
exact test was used to compare the proportions across study
groups. The logistic regression model was used to adjust the
odds of developing an adverse event based on the presence
of multiple elevated antibody levels at baseline when the
presence of comorbid conditions was considered.

RESULTS

A total of 176 patients were enrolled between April 1996
and May 1997. Twenty-five patients did not complete the
study for these reasons: death before completion of testing
(n 5 9), surgery not performed (n5 2), thrombin not used
during the procedure (n5 1), and incomplete laboratory
testing (n5 13). Of the 151 patients who completed the
study, 109 underwent CABG and 42 underwent valve sur-
gery (Table 1). Clinical characteristics of the two patient
subsets were similar with the exceptions of diabetes mellitus
and prior myocardial infarction, both of which were more
common in patients undergoing CABG. Twenty-seven pa-
tients (19 undergoing CABG and 8 undergoing valve sur-
gery) had undergone one of the surgical procedures in the
preceding 10 years during which topical thrombin is fre-
quently used. There was no difference in the amount of
thrombin administered to patients undergoing CABG or
valve surgery, nor was an increased amount used in patients
who had undergone a prior surgical procedure (data not
shown).

Baseline Antibody Levels

Before surgery, the numbers of patients with elevated IgG
antibody levels to the topical thrombin preparation or bo-
vine factor V, factor Va, prothrombin, and thrombin were
similar in both the CABG and valve surgery groups (Fig. 1).
However, when preoperative antibody levels of the test
patients were compared with serum samples collected from
50 normal donors, the following differences in antibody

90 Surgical Exposure to Bovine Thrombin Ann. Surg. ● January 2001



profiles were observed. First, in patients undergoing valve
surgery, 10 of 42 (23.8%) had baseline elevated antibody
levels to the topical bovine thrombin preparation, compared
with 3 of 50 (6%) normal donors (P 5 .018). However,
eight of the valve surgery patients had previously undergone
surgical procedures during which bovine thrombin is fre-
quently administered; five of these eight patients had pre-
operative antibodies. If these patients were excluded, 5 of
34 preoperative valve patients (14.7%) had elevated anti-

body levels; this did not differ significantly from the normal
donor population (P 5 .2597). Further, in this group of
patients, 8 of 42 (19%) had preoperative elevated antibody
titers to bovine factor Va compared with 1 of 50 (2%)
normal donors (P 5 .01). Second, when prior surgical
history was evaluated as a potential risk factor for having
preoperative antibody titers against clotting factor antigens
in the whole study group, 27 patients were identified who
had undergone surgical procedures in the preceding 10

Table 1. PATIENT CHARACTERISTICS

Coronary
Artery Bypass

Grafting
Valve

Surgery P Value

Number of patients 109 42
Age (yrs)

Median 64.1 64.6 NS
Range 29–83 29–82

Gender (M/F) 71/38 24/18 NS
Race

White 92 (84%) 33 (78%) NS
Black 11 (10%) 7 (17%) NS
Other 6 (6%) 2 (5%) NS

Comorbid conditions
Diabetes mellitus 49 (45%) 11 (26%) .0416
Hypertension 74 (68%) 25 (59%) NS
Prior myocardian infarction 37 (34%) 2 (5%) .0001
Prior stroke 13 (12%) 10 (24%) NS

Prior surgical procedure* 19 (17%) 8 (19%) NS
Thrombin administered:

Sternal paste only 77 (71%) 29 (69%) NS
Other modalities† 32 (29%) 13 (31%) NS

* Surgical procedures performed within the preceding 10 years; median sternotomy (13 patients), neurosurgery or orthopedic surgery (8), or peripheral vascular surgery (6).
† Other modalities include direct thrombin spray, thrombin-soaked Gelfoam collars, and fibrin glue. Most of these patients received sternal paste in addition to a second

modality.

Figure 1. Baseline (preoperative) IgG binding to bovine coagulation proteins. IgG binding to the topical
thrombin preparation, bovine factor V, factor Va, prothrombin, and thrombin was detected by enzyme-
linked immunosorbent assay. Each symbol represents the result for an individual patient. Patient results are
separated according to the type of surgery performed (coronary artery bypass grafting [CABG] or valve
replacement surgery). The dashed horizontal lines represent two standard deviations above the means for
the normal donor population. The solid horizontal lines represent the median values for the two patient
groups being compared.
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years in which possible exposure to bovine thrombin was
highly likely. Of these 27 patients with probable prior
exposure to bovine thrombin, 9 (33%) had preoperative
antibody titers against two or more bovine antigens tested.
This was in contrast to 6 of 124 patients (4.8%) who were
positive for preoperative antibodies against two or more
bovine antigens with no obvious surgical history of bovine
thrombin exposure (P 5 .0001). These data suggest that
undergoing prior surgical procedures in which bovine
thrombin is often used results in immunologic sensitization
to bovine antigens, with persistent detectable antibody titers
often years after the initial exposure. Although this distinc-
tion may seem academic at first glance, we observed that
patients with preoperative antibody titers against multiple
bovine antigens had the highest risk for major complications
after cardiovascular surgical procedures.

Antibody Response After Exposure to
Topical Bovine Thrombin

By postoperative day 4 to 7, there was a slight increase in
the number of patients with elevated IgG antibody levels for
patients who received more than sternal paste (Fig. 2). By 4
to 8 weeks after surgery, however, more than 90% of all
patients (including those who were positive at baseline) had
elevated IgG antibody levels to the topical thrombin, inde-
pendent of type of surgery or thrombin dose. In contrast,
only approximately half the patients manifested elevated
IgM antibody levels by 4 to 8 weeks, with no significant
difference between the CABG and valve surgery groups.

Mean IgG antibody levels against all of the bovine co-
agulation proteins analyzed were elevated by 4 to 8 weeks
after surgery versus preoperative levels (Fig. 3). Most pa-

tients developed elevated IgG antibody levels to bovine
factor V and factor Va (80.7% and 90.7%, respectively).
Fewer patients developed antibodies to bovine prothrombin
or thrombin (47% and 20.5%, respectively). A prior surgical
procedure was not associated with an increased risk of
developing elevated antibody levels to bovine factor V,
factor Va, or prothrombin, but was associated with elevated
antibody levels to bovine thrombin (10/27 patients with
prior surgery vs. 21/124 patients without;P 5 .02). Overall,
of the 105 patients with completely normal antibody levels
at baseline, 99 (94.3%) developed elevated antibody levels
to one or more bovine coagulation protein after surgery.

Seventy-seven patients (51%) had elevated antibody lev-
els to human coagulation proteins after surgery, predomi-
nantly against factor V, thrombin, or both (Fig. 4). Elevated
antibody levels to human proteins did not occur more fre-
quently in patients who had been treated with increased
amounts of topical thrombin or who had undergone a prior
surgical procedure (data not shown). Almost all patients
with elevated antibody levels to human factor V or pro-
thrombin had elevated antibody levels to the corresponding
bovine proteins (92% and 100%, respectively). In contrast,
4 of 11 patients with elevated antibody levels to human
thrombin did not have elevated antibody levels to either
bovine prothrombin or thrombin.

Coagulation Abnormalities

At 4 to 8 weeks after surgery, 24 patients (of 137 tested)
were receiving warfarin therapy. Excluding these 24 pa-
tients, 41 of the remaining 113 had one or more abnormal

Figure 2. Development of antibodies to topical thrombin preparation. Patients were stratified into four
groups: coronary artery bypass grafting, treatment with sternal paste only (n 5 77; -n-); coronary artery
bypass grafting, treatment with sternal paste and additional thrombin (n 5 32; -▫-); prosthetic valve surgery,
treatment with sternal paste only (n 5 29; -●-); and prosthetic valve surgery, treatment with sternal paste
and additional thrombin (n 5 13; -C-;). The four time points are before surgery, 24 to 48 hours after surgery,
4 to 7 days after surgery, and 4 to 8 weeks after surgery. (A) Percentage of patients with elevated IgG
antibody levels. (B) Percentage of patients with elevated IgM antibody levels.
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coagulation test results (36.3%). Twelve of these patients
had multiple abnormal test results, 12 had isolated pro-
longed prothrombin times, and 14 had isolated prolonged
activated partial thromboplastin times. Elevated antibody
levels to one or more of the human coagulation proteins
studied were identified in 23 patients with abnormal coag-
ulation test results (56.1%). There was no correlation be-
tween prolonged coagulation studies and the type of surgi-
cal procedure performed, the amount of thrombin applied,
or the presence of elevated antibody levels to one or more
bovine proteins. Only eight patients had a prolonged bovine
thrombin clot time. All eight of these patients had elevated

antibody levels to the topical thrombin preparation, purified
bovine thrombin, or both. None had elevated antibody lev-
els to human prothrombin or thrombin.

Adverse Clinical Outcomes
Fifty-seven patients had a postoperative complication

(Table 2). No increased risk for an adverse outcome was
observed with a history of a prior surgical procedure, use of
an increased amount of thrombin during surgery, presence
of elevated antibody levels to bovine or human coagulation
proteins after surgery, or abnormal coagulation study results
(Table 3). In contrast, there was a significant increase in the
risk for an adverse postoperative outcome for patients who
had elevated antibody levels to two or more bovine proteins
before surgery. Similar results were obtained if hemorrhagic
events were considered in isolation, with a significant in-
crease in risk only for patients with elevated antibody levels
to multiple bovine proteins before surgery (P 5 .02). None
of the variables was associated with an increased risk for
thromboembolic events, wound complications, or death as
isolated clinical manifestations (data not shown).

The unadjusted odds ratio for developing an adverse
event when multiple elevated antibody levels were present
at baseline was 5.38 (95% confidence interval: 1.62–17.8).
These results were also evaluated in light of comorbidities
present at baseline. Each of 10 conditions was analyzed as
predictors of any adverse event using a logistic regression
model. Both hypertension (P 5 .03) and ulcers (P 5 .01)
were found individually to be significantly related to an
adverse event finding. However, when either or both of
these comorbid conditions was used in a regression model
with the presence of multiple elevated antibody levels at
baseline, the latter was still quite significant (P , .01).
Under these circumstances, the adjusted odds ratio for de-
veloping an adverse event with elevated baseline antibody
levels was 5.40 (95% confidence interval: 1.54–18.8).

Figure 3. Development of elevated antibody levels to topical thrombin preparation, bovine factor V, bovine
factor Va, bovine factor II, and bovine thrombin. Data are presented for all 151 patients combined. The
dashed horizontal lines represent two standard deviations above the means for the normal donor popula-
tion. The solid horizontal lines represent the median values for the two patient groups being compared. PRE,
before thrombin exposure; POST, after thrombin exposure.

Figure 4. Elevated antibody levels to human coagulation proteins. IgG
binding to human factor V, prothrombin, and thrombin was detected by
enzyme-linked immunosorbent assay. Data are presented for all pa-
tients at 4 to 8 weeks after surgery. The dashed horizontal lines repre-
sent two standard deviations above the means for the normal donor
population. The solid horizontal lines represent the median values for
the patients.

Vol. 233 ● No. 1 Ortel and Others 93



DISCUSSION

Antibodies that bind to the prothrombinase complex,
prothrombin, or thrombin may develop as spontaneous au-
toantibodies,17,18as alloantibodies in patients with inherited
deficiency states after treatment with factor concentrates or
plasma preparations,19,20 or in previously normal patients
treated with topical bovine thrombin preparations.6,11 Clin-
ical manifestations include hemorrhagic complica-
tions,6,11,18,21–23 thromboembolic complications,24–29 or
asymptomatic laboratory abnormalities.10,17

The prevalence of elevated antibody levels to bovine or
human coagulation proteins in our normal population was
similar to the reported frequencies of anticardiolipin anti-
bodies (4–8%) and spontaneous autoantibodies to factor
VIII (17%) in normal donor studies.30–32 In contrast, we
observed that patients with a history of a prior surgical

procedure during which topical thrombin is often adminis-
tered were significantly more likely to have elevated IgG
antibody levels to bovine coagulation proteins at baseline
(9/27 vs. 6/124 patients,P 5 .0001). Although this suggests
that these patients had previously been treated with bovine
thrombin, this cannot be proven by this study because prior
thrombin exposure could not be documented.

Our results demonstrate that topical bovine thrombin,
even if administered in relatively limited amounts, is ex-
tremely immunogenic. Most patients developed antibodies
to bovine factor V and factor Va, confirming the presence of
this coagulation protein in the topical thrombin preparation
used during the study. Thirty-one patients (20.5%) devel-
oped an antibody specific for purified bovine thrombin,
suggesting that the use of more highly purified bovine
thrombin preparations will likely still result in an immune
response. Only 7% of the patients developed a prolonged
bovine thrombin clot time, indicating that this assay is not
an effective screen for the development of bovine thrombin-
induced antibodies. Slightly more than half the patients also
developed elevated antibody levels to human coagulation
proteins, predominantly factor V.

Adverse clinical complications in the postoperative pe-
riod did not appear to be associated with the development of
elevated antibody levels to bovine or human coagulation
factors. However, adverse clinical outcomes were most fre-
quently seen in patients with multiple elevated antibody
levels to bovine proteins before their current exposure to
topical thrombin. Because most patients with multiple ele-
vated antibody levels before surgery had previously under-
gone a surgical procedure during which bovine thrombin is
frequently used, we suspect that these patients were most
likely treated with bovine thrombin during the earlier pro-
cedure. These data suggest that secondary exposure to bo-
vine thrombin during surgery may result in an associated
immunologic response that results in alterations of normal
hemostasis leading to adverse clinical events in the postop-
erative period.

Table 2. POSTOPERATIVE
COMPLICATIONS

Complication n

Hemorrhagic complications
Excessive postoperative bleeding or reoperation

for bleeding
11

Gastrointestinal bleeding 5
Transfusion support after postoperative day 2 5
Recurrent episodes of epistaxis after discharge

from hospital
4

Other (hemorrhagic stroke, hemorrhagic
pericarditis)

2

Thromboembolic complications
Thromboembolic stroke 7
Venous thromboembolism 2
Other (bypass occlusion, mesenteric thrombosis) 3

Wound complications
Persistent wound drainage 10
Wound infection 7
Mediastinitis 4

Death 5

Table 3. ADVERSE EVENTS AND CLINICAL AND LABORATORY VARIABLES

Variable

Adverse
Events With

Variable

Adverse
Events Without

Variable P Value

Prior surgical procedure* 11/27 (40.7%) 46/124 (37.1%) 0.8271
Preoperative elevated antibody levels to two or more bovine proteins 11/15 (73.3%) 46/136 (33.8%) 0.0042
Increased thrombin exposure during surgery 20/45 (44.4%) 37/106 (34.9%) 0.2774
Postoperative elevated antibody levels to two or more bovine proteins 47/136 (34.6) 10/15 (66.7%) 0.0229
Postoperative elevated antibody levels to human coagulation proteins 29/77 (37.7%) 28/74 (37.8%) 1.000
Postoperative abnormal coagulation study results 15/41 (36.6%) 27/72 (37.5%) 1.000

* Prior surgical procedures include median sternotomy for coronary artery bypass grafting or valve replacement; carotid endarterectomy; peripheral vascular surgery; total
hip or knee replacement; diskectomy.

† Excludes patients receiving warfarin therapy at the time of measurement.
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Given the extensive use of bovine thrombin as a topical
hemostatic agent, the population at risk for both primary and
secondary exposure to this agent is potentially enormous.
Our results clearly illustrate that bovine preparations of
thrombin are highly immunogenic and that patients who
have preoperative antibodies directed against bovine anti-
gens are at increased risk for postoperative complications.
Important questions unanswered by this report include the
impact of elevated antibody levels on noncardiovascular
surgical procedures, and whether reexposure to bovine
thrombin isrequired for an adverse outcome after a subse-
quent surgical procedure in patients with preoperative anti-
bodies to bovine thrombin. Although highly purified bovine
thrombin preparations may be less immunogenic, this has
not been systematically investigated, and the safety of these
preparations in patients who have been previously exposed
to “less purified” preparations of bovine thrombin is un-
known. Human thrombin preparations have been used out-
side the United States for several years, but their safety in
patients previously treated with bovine thrombin, especially
those who developed antibodies to human thrombin, is also
unknown. These issues suggest that the widespread use of
bovine thrombin as a topical hemostatic agent should be
reconsidered and that the dynamic interplay between immu-
nologic exposure to hemostatic proteins (bovine or possibly
human) and postoperative adverse events requires careful
study.
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