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BACKGROUND. Epsilon aminocaproic acid (EACA) is an antifibrinolytic drug that

has been used to control hemorrhage by stabilizing the thrombus. It has been used

in thrombocytopenic patients largely on an empiric basis.

METHODS. Concerns regarding side effects have limited the use of this drug. The

authors reviewed their experience with EACA at the Cleveland Clinic Foundation

from 1997 to 2003.

RESULTS. Of 77 patients with thrombocytopenic hemorrhage, 51 (66%) patients

achieved a complete response and 13 (17%) patients achieved a partial response,

resulting in a decrease in platelet and red blood cell transfusions. Adverse effects

were manageable in this set of patients with severe underlying disease.

CONCLUSIONS. Based on this experience, EACA may be a valuable adjunctive

therapy in the treatment of patients with thrombocytopenic hemorrhage. Cancer

2006;107:136 – 40. © 2006 American Cancer Society.
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Thrombocytopenia is a common complication of modern cytotoxic
chemotherapeutic regimens. Patients with thrombocytopenia

have an increased risk of bleeding, with a clear inverse relation to the
degree of thrombocytopenia. The hemorrhagic complications are
largely prevented and treated with platelet transfusions. Approxi-
mately 30% of patients become refractory to platelet transfusions
secondary to alloimmunization even when human leukocyte antigen
(HLA)-matched and leukoreduced blood products are used.1–3 Mul-
tiple transfusions pose risks including transmission of blood-related
pathogens, alloimmunization, and transfusion-related reactions. Use
of effective, alternative agents to control bleeding would be extremely
useful in this setting.

Epsilon aminocaproic acid (EACA) is a synthetic lysine analog
that has been used for �40 years to control hemorrhage in a variety
of clinical disorders. It is a synthetic inhibitor of fibrinolysis that
allows a thrombus to become more stable. It works by inhibiting
plasminogen activators and, to a lesser degree, by antiplasmin activ-
ity.4 –7 EACA may also prevent plasmin-mediated degradation of
platelet glycoprotein 1b receptors, thereby preserving platelet func-
tion.8 –11 The most favorable results have been noted in patients with
hemophilia having dental extractions,12 hereditary hemorrhagic tel-
angiectasia,13,14 gastrointestinal bleeding,15 traumatic hyphema,16

and prophylaxis during coronary artery bypass grafting, in which it
has been shown to decrease blood loss by 30% to 40%.17–19
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Whereas hypotheses regarding EACA’s mecha-
nism of action in thrombocytopenic hemorrhage
abound,20,21 to our knowledge it has not been well
studied with correlative laboratory studies. EACA has
been used in thrombocytopenic patients largely on an
empiric basis. Randomized clinical trials of this drug
are lacking. However, there have been several small
case reports and series that have suggested the use of
this agent to control hemorrhage in thrombocytope-
nia.20 –24 Despite the availability of this drug for 40
years, its use has been limited mainly because of a lack
of data with regard to its safety and efficacy. In this
retrospective study, we reviewed our experience with
EACA in thrombocytopenic hemorrhage at our insti-
tution to gain insight into its activity, toxicities, and
plan future development of this agent.

MATERIALS AND METHODS
We conducted a computer database search of all pa-
tients who were prescribed EACA at the Cleveland
Clinic Foundation from 1997-2003. Approval was ob-
tained from the Cleveland Clinic Foundation Institu-
tional Review Board to access patient charts in the
absence of identifying information. We then selected
patients who were age �18 years with hemorrhage
and a platelet count �75,000/mm3. We excluded pa-
tients receiving prophylactic EACA during cardiac,
urologic, or orthopedic surgery. The response to EACA
was classified as being complete if there was cessation
of bleeding at all involved sites, and partial if there was
decreased bleeding clinically, with a decrease in red
blood cell transfusion requirements of �50% of the
previous transfusion requirement in the preceding 3
days.

We reviewed the chart throughout the period of
hospitalization, when EACA was used, and collected
transfusion records for both platelet and red blood cell
transfusions during that hospitalization. The adminis-
tration of EACA was determined by median initial
daily dose, median average daily dose during the
whole course of treatment, and median number of
days administered. The number of transfusions per
day was collected from the onset of clinically evident
bleeding to the time the bleeding resolved. Evidence
for platelet alloimmunization was based on failure of
postplatelet transfusion platelet count to rise more
than 10,000/�L.25

Logistic regression analyses was used to identify
univariate and multivariate risk factors for bleeding.
Multivariate models were obtained by stepwise logis-
tic regression analysis. All variables in univariate anal-
ysis were considered in the multivariate model, re-
gardless of their level of significance in the univariate
setting. Logistic regression analysis was also per-

formed to study the possible association between the
dose of EACA and side effects.

RESULTS
We identified 77 patients who met criteria for inclu-
sion in this analysis. The median age was 55 years
(range, 23-83 years). There were 40 males and 37 fe-
males. Thirty-four patients had undergone either allo-
geneic (n � 25) or autologous (n � 9) transplantation.
Of the allogeneic transplantation patients, 19 had ev-
idence of graft-versus-host disease (GVHD). The un-
derlying diagnosis and site of hemorrhage are outlined
in Tables 1 and 2, respectively.

The median platelet count at the initiation of
EACA was 7000/mm3 (range, 1000-66,000/mm3).

TABLE 1
Patient Diagnosis

Diagnosis No.

Acute myeloid leukemia 22
Myelodysplastic syndrome evolving to acute leukemia 11
Non-Hodgkin lymphoma 10
Myelodysplastic syndrome 9
Chronic myelogenous leukemia 6
Breast cancer 4
Acute lymphoblastic leukemia 4
Other solid tumors 3
Myelofibrosis 2
Aplastic anemia 2
Idiopathic thrombocytopenic purpura 2
Chronic lymphocytic leukemia 1
Multiple myeloma 1

TABLE 2
Site of Hemorrhage

Predominant Site of Bleeding No.

Mucosal 32
Gastrointestinal 25
Genitourinary 9
Pulmonary 5
Central nervous system 3
Central venous catheter-related 3

TABLE 3
Response by Site of Hemorrhage

Site of Hemorrhage Response (%)

Mucosal 29/32 (91)
Gastrointestinal 19/25 (76)
Genitourinary 7/9 (78)
Pulmonary 3/5 (60)
Central nervous system 3/3 (100)
Catheter-related 3/3 (100)

EACA Reduces Transfusion Requirements/Kalmadi et al. 137



There was clinical evidence of platelet alloimmuniza-
tion with refractoriness to platelet transfusions in 32
(42%) patients. The median duration of EACA admin-
istration was 8 days (range, 1-216 days). The median
initial dose was 4 g/day (range, 2-24 g/day). The me-
dian average dose during the whole course of treat-
ment was 6 g/day (range, 2-24 g/day).

Fifty-one (66%) patients had a complete response,
13 (17%) patients had a partial response, and 13 (17%)
patients had no response to EACA administration. The
response by site of hemorrhage is outlined in Table 3.
Of the 32 patients with evidence of platelet alloimmu-
nization, 17 (53%) patients had a complete response, 8
(25%) patients had a partial response, and 7 (22%)
patients had no response to EACA administration.

By univariate analysis, patient gender, type of
bone marrow transplantation, evidence of GVHD, type
of bleeding, intravenous immunoglobulin use, and
initial platelet count did not appear to correlate with
response to EACA treatment. Patients with evidence of
alloimmunization to platelet transfusion had a lower
probability of response (53% vs. 76%; P � .04) to
treatment with EACA. There was no dose–response
correlation (P � .60), with patients having a response
to EACA receiving an average of 10.7 g/day compared
with patients without a response receiving 9.3 g/day of
EACA.

Before EACA, patients were receiving a mean of
1.5 � 0.8 platelet transfusions per day (range, 0-3
platelet transfusions). Subsequent to EACA, patients
received a mean of 1.0 � 0.7 platelet transfusions
(range, 0-3 platelet transfusions) per day for the dura-
tion of time they received EACA (Fig. 1). The mean
decrease in daily platelet transfusions was 0.5 � 0.6
unit platelet transfusions per day (range, 0-3 platelet
transfusions; P�.0001 based on a Student t test for
paired data). Of the patients who had a response,
platelet transfusions within 24 hours decreased from a
mean of 1.43 platelet transfusions per day to a mean of
0.82 platelet transfusions per day after being initiated
on EACA. The mean decrease was 0.61 platelet trans-
fusions per day (P�.0001 based on a Student t test for
paired data ). Patients who achieved a response did
not receive more platelet transfusions before or after
being started on EACA compared with those patients
who did not achieve a response. Red blood cell trans-
fusion requirements decreased by more than 50% in
48 (62%) patients immediately after being started on
EACA.

Adverse effects attributable to EACA included
worsening of liver function tests in 7 patients, genito-
urinary clots requiring discontinuation of drug in 3
patients, and arrhythmia (atrial fibrillation) in 1 pa-
tient. All 7 patients with elevated liver function tests

had abnormal liver function tests before being started
on EACA, which was related to GVHD in 3 patients,
veno-occlusive disease of the liver in 2 patients, and
sepsis in 2 patients. Nausea and orthostatic hypoten-
sion were observed in 1 patient each and responded to
dose reduction. None of the patients developed dis-
seminated intravascular coagulation, myocardial ne-
crosis, or myopathy, as observed in previous studies
on the drug. On logistic regression analysis, no signif-
icant association was found between the dose of EACA
and the occurrence of side effects.

DISCUSSION
The evidence supporting the use of EACA in the man-
agement of thrombocytopenic hemorrhage is rela-
tively weak, consisting mostly of small studies. All
reports, however, suggest a consistent benefit for
EACA. To our knowledge the current series is the larg-
est series reported to date and both confirms and
extends the observations made by others by demon-
strating a complete response rate of 66% and a statis-
tically significant decrease in platelet transfusion re-
quirements.

The usefulness of EACA in thrombocytopenic
hemorrhage was first suggested by Gardner and
Helmer.22 They reviewed their use of this agent in 13
patients with amegakaryocyticthrombocytopenia and
found that they were able to decrease the number of
platelet transfusions. No adverse events were noted,
other than orthostatic hypotension, which was ame-
liorated by a dose reduction. Quantitative platelet
function changes were not seen in the 4 patients in
whom testing was performed with platelet aggregation
studies.

Garewal and Durie23 tested the use of EACA pro-
spectively in patients with severe thrombocytopenia
(platelet count �20,000/mm3) refractory to HLA-
matched platelet transfusions. Eleven courses of EACA
were given to 9 acutely ill, thrombocytopenic patients,
which included 6 acute leukemia patients undergoing
induction chemotherapy. Improvement of hemostasis
was noted in all patients, with no serious adverse
effects, other than dose-dependent nausea.

Bartholomew et al.21 prospectively evaluated the
use of EACA in 17 patients with thrombocytopenic
hemorrhage refractory to other treatments. They
found clinically dramatic responses to EACA. Bleeding
was controlled in all patients enrolled in the study.
The drug was well tolerated, with no serious adverse
effects. Platelet transfusions decreased from 164 units
in the 8-month period before EACA to 18 units in the
4 months after EACA initiation. Chakrabarti et al.26

reviewed their experience of EACA in a major tertiary
hospital in India in 15 patients with thrombocytopenic
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(platelets �20,000/mm3) hemorrhage without platelet
transfusion support. Response to therapy was noted in
all patients, with a complete cessation of bleeding in
13 patients, and no obvious treatment-related toxicity.

Autologous stem cell transplantations require
5-20 transfusions of red blood cells (RBCs) or platelets,
whereas allogeneic transplantations can require even
higher levels of transfusion support.27 Blood product
support in this setting is complicated by iron overload,
infection transmission, and infusion reactions.28 Re-
fractoriness to platelet transfusions leading to hemor-
rhage is a difficult problem in this setting. Benson et
al.2 retrospectively reviewed their use of EACA in bone
marrow transplant patients. Of the 18 patients, half
had evidence of alloimmunization. Bleeding markedly
decreased in 12 of the 18 patients, with no thrombotic
events. In a prospective study by Ballen et al.,24 autol-
ogous stem cell transplantation was performed in 26
patients without the use of blood product support.
They utilized EACA after transplantation at a dose of
1-6 g orally every 6 hours during the period of throm-
bocytopenia when the platelet count fell below
30,000/mm3. There were two major bleeding compli-
cations and three minor bleeding complications. No
complications were attributed to EACA use.

In aggregate, these small studies suggest a poten-
tial role for EACA in the management of thrombocy-
topenic hemorrhage. Our larger experience confirms
and extends these observations by demonstrating ob-
jective evidence of improved hemostasis in the ab-
sence of significant adverse effects. In our experience,
EACA was an effective drug in the treatment of throm-
bocytopenic hemorrhage, with an overall response
rate of 83%. EACA also reduced transfusion require-
ments within 24 hours of initiation, with manageable
side effects.

Our study is limited by its retrospective nature,
the heterogeneity of the patient population, lack of
comparison to an untreated cohort, and the impact of
other supportive care measures received during treat-
ment with EACA. Hemorrhage may have ceased spon-
taneously or as a result of contemporaneous platelet
transfusion. However, our results are consistent with
those previously reported, and likely point to the ther-
apeutic benefit. Only a prospective, controlled trial
can reliably confirm any purported benefit of EACA.

Despite evidence of efficacy, enthusiasm for EACA
has been tempered by case reports of thrombosis (dis-
seminated intravascular coagulation, cerebral, car-
diac, and venous thrombosis) dating back to the
1960s, when the drug was first introduced.15,29,30 How-
ever, some of these reports were in the setting of
preexisting disseminated intravascular coagulation
(DIC), which we now realize is a contraindication for

the use of this drug. Other side effects of EACA include
gastrointestinal symptoms, renal dysfunction, pos-
tural hypotension, and myonecrosis. Thirty-one cases
of EACA-induced myonecrosis have been reported,
mainly in patients receiving high doses for a pro-
longed period of time.31 A broad range of renal com-
plications, albeit rare, have also been ascribed to
EACA.32

Whereas the use of this agent has been met with a
mixture of hope and concern in the past, we believe
that EACA could be a useful adjunct to treat throm-
bocytopenic hemorrhage. With the increasing use of
high-dose chemotherapy and transplantation, the use
of platelet transfusions has increased dramatically in
the past decade, placing stress on the supply and
procurement of these products. While we await the
fruition of products from recombinant technology,
EACA could be a valuable transfusion-sparing proco-
agulant. The prophylactic use of EACA may also help
eliminate the current transfusion “triggers” adopted
by most major cancer centers for platelet transfusions
in thrombocytopenia. The use of EACA in thrombocy-
topenic patients deserves to be studied further in a
prospective randomized clinical trial.
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