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Coagulation-associated adverse
drug events (ADEs) are a seri-
ous concern among intensive
care unit (ICU) clinicians and

a common cause of nonpreventable ADEs
encountered in critically ill patients (1–
4). Many dosing strategies used for coag-
ulation-related medications, however, are
extrapolated from clinical trials con-
ducted in noncritically ill patients. They
fail to account for the altered pharmaco-
kinetic and pharmacodynamic variability
seen in this patient population. This vari-
ability can lead to unpredictable drug ef-
fects, greater toxicity, and increased po-
tential for ADEs. In addition, ICU patients
can receive up to 30 different medications
throughout their admission, far greater
than that observed in a non-ICU setting
(2). This increases the potential for drug
interactions or a synergistic/enhanced re-
sponse. One study (2) which evaluated
ADEs in both ICU and general care units,
reported nearly double the amount of
ADEs in the ICU compared with the
amount of ADEs in the general care set-

ting. This was largely due to the number
of drugs ordered.

In this article, we address disorders of
coagulation (i.e., bleeding and clotting)
caused by various medications commonly
used in the ICU. In addition, we present
strategies that can be considered to re-
verse anticoagulation caused by an al-
tered pharmacodynamic response or su-
pratherapeutic drug concentrations.

Medications with anticoagulant
effects

Anticoagulants used for venous
thromboembolism prophylaxis

Venous thromboembolism (VTE)
ranks among the top ten adverse events
reported in hospitalized patients and has
been regarded as the most important
strategy to improve patient safety (5).
Nevertheless, a substantial number of pa-
tients fail to receive adequate VTE pro-
phylaxis (6). One potential barrier for the
provision of VTE prophylaxis is the per-
ceived risk of bleeding. The prevalence of
bleeding will vary widely based on the
specific medication (e.g., low-dose un-
fractionated heparin [LDUH] vs. low-
molecular weight heparin [LMWH]), the
medication dose, concomitant drug ther-
apy, the patient population evaluated
(medical ICU, surgical ICU, neurosurgical
ICU, etc.) and underlying comorbidities
(e.g., end-organ function). The preva-
lence of bleeding will also vary based on
the definition used in the individual tri-

als. Although most studies will report
“any bleeding event,” it is typically major
bleeding, intracranial bleeding, and fatal
bleeding that are the focus of most con-
cern to ICU clinicians.

Medical/Surgical ICU. There are sev-
eral data evaluating anticoagulation for
VTE prophylaxis in acutely ill medical
and surgical patients, but few data are
specific to the critically ill (7–9). In addi-
tion, of the studies conducted in critically
ill patients, even fewer studies have re-
ported the occurrence of “any bleeding,”
and the definition for “major bleeding”
has varied (Table 1). Studies that have
reported bleeding rates have primarily
been conducted with LMWH and have
noted the prevalence of any bleeding
event (as opposed to major bleeding) to
be between 10% and 25%. Of note, only
one trial (10) was a comparative trial,
which noted an occurrence rate of major
bleeding of 5.5% in the study group (na-
droparin) vs. 2.7% with placebo. This is
comparable to a prospective study (11)
designed to estimate the prevalence of
bleeding during critical illness, in an at-
tempt to establish a reference range for
bleeding. In this study, 100 consecutive
patients admitted to a medical-surgical
ICU were enrolled, whereby 480 discrete
bleeding events among 90 patients were
identified; 5.2% were considered major.
Interestingly, neither prophylactic hepa-
rin nor antiplatelet agents were signifi-
cant risk factors for major or minor
bleeding. These results are slightly
higher than that reported in noncritically
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Disorders of coagulation are common adverse drug events
encountered in critically ill patients and present a serious concern
for intensive care unit (ICU) clinicians. Dosing strategies for
medications used in the ICU are typically developed for use in
noncritically ill patients and, therefore, do not account for the
altered pharmacokinetic and pharmacodynamic properties en-
countered in the critically ill as well as the increased potential for
drug-drug interactions, given the far greater number of medica-
tions ordered. This substantially increases the risk for coagula-
tion-related adverse reactions, such as a bleeding or prothrom-
botic events. Although many medications used in the ICU have the

potential to cause coagulation disorders, the exact incidence will
vary based on the specific medication, dose, concomitant drug
therapy, ICU setting, and patient-specific comorbidities. Clinicians
must strongly consider these factors when evaluating the risk/
benefit ratio for a particular therapy. This review surveys recent
literature documenting the risk for adverse drug reactions spe-
cific to bleeding and/or clotting with commonly used medications
in the ICU. (Crit Care Med 2010; 38[Suppl.]:S198–S218)
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ill patients. In one systematic review (12)
of acutely ill general medical patients, the
prevalence of major bleeding with phar-
macologic prophylaxis (i.e., LMWH or
LDUH) was approximately 2%. A second
review (13) conducted in general surgical
patients noted the prevalence of gastro-
intestinal (GI) bleeding, retroperitoneal
bleeding, bleeding that led to discontin-
uation of prophylaxis, and bleeding that
led to an operation to be 0.2%, �0.1%,
2%, and 0.7%, respectively. A large mul-
ticenter, multinational, randomized con-
trolled trial (PROTECT) (14) is currently
underway to evaluate the safety and effi-
cacy of LMWH (dalteparin) and LDUH in
medical-surgical ICU patients.

Bleeding rates with LDUH dosed tid
vs. bid have not been studied in critically
ill patients but have been evaluated in
noncritically ill patients (13, 15). One
meta-analysis (15) of 12 studies in hospi-
talized medical patients reported a signif-
icantly higher occurrence rate of major
bleeding (which was reported as a rate
per 1000 patient-days) with tid versus bid
dosing (0.96 vs. 0.35, p � .001). A second
study (13), which was a systematic review
of 33 studies in general surgery patients,
noted a greater prevalence of bleeding
that led to discontinuation of prophylaxis
(3.3% vs. 1.9%, p � .02) and subsequent
operation (1.8% vs. 1%, p � .06) with tid
vs. bid dosing. Future studies are needed

to validate these findings in the ICU pop-
ulation.

LMWHs are eliminated primarily by
the kidneys; therefore, there is an in-
creased risk of drug accumulation in pa-
tients with renal insufficiency. Pharma-
codynamic studies with prophylactic
doses of LMWH have reported accumula-
tion only with enoxaparin in patients
with a creatinine clearance (CrCl) of �30
mL/min (16). Accumulation has not
been noted with either dalteparin or
tinzaparin. Data correlating these find-
ings with clinical outcomes (using pro-
phylactic doses), however, are limited.
Nevertheless, in patients with severe re-
nal impairment (i.e., CrCl of �30 mL/

Table 1. Prevalence of bleeding in medical/surgical intensive care unit patients receiving venous thromboembolism prophylaxis

Study Design Setting n Study Drug Population
Major Bleeding

Definition Any Bleeding
Major

Bleeding

Fraisse
et al (10)

P, DB, RCT Medical ICU 223 Nadroparin adjusted
dose (3800–5700
units) Q 24 vs.
placebo

Acute decompensated
COPD

Overt bleeding plus a
decrease in hemoglobin
of 2 g/dL, necessitating a
transfusion of �2 units
of packed red cells;
retroperitoneal or
intracranial bleeding,
or bleeding warranting
discontinuation of
therapy

Nadroparin: 25
(23%) of 108
vs. placebo:
18 (16%) of
113, p � .18

Nadroparin: 6
(5.5%) of
108 vs.
placebo: 3
(2.7%) of
113, p � .28

Rabbat
et al (184)

P, cohort Mixed med/
surg ICU

19 Dalteparin 5000
units daily

Respiratory,
cardiovascular, GI,
sepsis, neurologic

Fatal bleeding; clinically
overt bleeding associated
with a decrease in the
hemoglobin of �2 g/dL
or leading to transfusion
of �2 units of whole
blood or packed red
cells; critical bleeding
(intracerebral,
intraocular, intraspinal,
pericardial, or
retroperitoneal);
bleeding warranting
treatment cessation;
bleeding located at the
surgical site and leading
to reoperation

2 (10.5%) 1 (5.3%)

Douketis,
et al (185)

P, MC,
cohort

Medical ICU 138 Dalteparin 5000
units daily

Renal insufficiency
(CrCl, �30 mL/
min)

Decrease in hemoglobin of
�2 g/dL, transfusion of
�2 units of red cells and
no increase in hemoglobin,
spontaneous decrease in
SBP of �20 mm Hg or
heart rate increase of
�20 beats/min or
decrease in SBP of �10
mm Hg; bleeding at a
critical site or bleeding
at a wound site that
required an intervention

34 (24.6%) 10 (7.2%)

P, prospective; DB, double blind; RCT, randomized controlled trial; ICU, intensive care unit; COPD, chronic obstructive pulmonary disease; MC,
multicentered; GI, gastrointestinal; CrCl, creatinine clearance; SBP, systolic blood pressure.
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min), enoxparin doses should be adjusted
accordingly. Dosing adjustments with
dalteparin or tinzaparin are not required
with short-term use. Anti-Xa monitoring
may be useful in these scenarios.

Trauma patients. The high risk for
VTE in the critically ill trauma patient
typically warrants aggressive VTE pro-
phylaxis, as soon as it is considered safe,
despite a higher risk for bleeding (8).
Several studies (17–27) have evaluated
the role of pharmacologic prophylaxis
in the setting of trauma. Earlier studies
(19, 23, 26), conducted with LDUH,
have documented bleeding rates of 0%
to 8%. However, a landmark trial (20)
comparing enoxaparin with LDUH
(started within 36 hrs of injury) dem-
onstrated a 30% reduction in VTE with
enoxaparin. LDUH, therefore, is no
longer considered an acceptable option
in the trauma population (8). Studies
evaluating LMWH are displayed in Ta-
ble 2. Collectively, these studies have
demonstrated a relatively low occur-
rence rate of major bleeding (approxi-
mately 2% to 3%) when pharmacologic
prophylaxis was initiated soon after in-
jury (i.e., within 24 –36 hrs).

Neurosurgical patients. There is wide
debate over the risk/benefit ratio with
pharmacologic prophylaxis for VTE in the
neurosurgical population, particularly in
the setting of intracranial pathology (28).
In a recent survey, the percentage of re-
spondents (intensivists and neurosur-
geons) who would start pharmacologic
prophylaxis within 48 hrs after surgery
was 64% for elective craniotomy, 58% for
diffuse axonal injury after severe trau-
matic brain injury, 34% for intracranial
hemorrhage after severe traumatic brain
injury, and 55% for nontraumatic sub-
arachnoid hemorrhage. Several studies
have evaluated the safety of pharmaco-
logic prophylaxis post neurosurgery (Ta-
ble 3). One recent meta-analysis (29),
which primarily included patients post
craniotomy surgery (penetrating and
closed-head injury was excluded), re-
ported bleeding rates of 0.04 per 1,000
patients with nonpharmacologic prophy-
laxis, 0.35 per 1,000 patients with LDUH,
and 1.52 per 1,000 patients with LMWH.
Statistical significance was achieved only
between LMWH and nonpharmacologic
subgroups. Bleeding rates may be higher
when pharmacologic prophylaxis is initi-
ated preoperatively vs. the early postop-
erative period (i.e., within 24 hrs). One

review (30) calculated bleeding rates of
3.9% when prophylaxis was started before
surgery compared with 1.9% postopera-
tively.

Few data (31–35) address the safety of
pharmacologic prophylaxis specific to pa-
tients with severe head injury. In most
studies, pharmacologic prophylaxis was
initiated soon after injury (i.e., within 24
hrs) following the results of a stable com-
puted tomography scan (typically 24 hrs
from admission). In a study by Kim et al
(31), there was no increase in intracranial
bleeding or neurologic deterioration in
64 patients with severe head injury as a
result of LDUH (5000 units every 12 hrs)
when initiated either within or after 72
hrs from injury. In a study by Norwood et
al (35), 4% (6 of 150) of patients displayed
computed tomography progression of in-
tracranial hemorrhage with enoxaparin
(30 mg every 12 hrs), but all survived to
hospital discharge. The mean time to the
first dose of enoxaparin was 26.5 � 11.5
hrs. Kleindienst et al (33) described a
cohort of 280 patients with head injury
and 238 with spontaneous intracranial
hemorrhage, who received certoparin
(administered 24 hrs after admission post
a control computed tomography scan).
Intracranial bleeding was recorded in
3.5% of patients with head injury (2.8%
requiring operative revision) and 0% of
patients with spontaneous intracranial
hemorrhage. Kurtoglu et al (34) prospec-
tively studied patients randomized to re-
ceive either enoxaparin (40 mg daily) or
mechanical prophylaxis. Total bleeding
rates were 15% and 8.3% for the enox-
aparin and mechanical prophylaxis
groups, respectively, but major bleeding
rates (i.e., exacerbation of epidural hema-
toma) were 1.6% in both groups. Finally,
Kim and Brophy (32) reported bleeding
rates in 46 patients admitted to a neu-
rointensive care unit (subarachnoid hem-
orrhage, n � 12; intracerebral hemor-
rhage, n � 15; traumatic brain injury,
n � 19), who were primarily prescribed
LDUH (5000 units every 12 hrs). Prophy-
laxis was initiated in 68% of patients
within 24 hrs of hospital admission.
There was no evidence of intracranial
bleeding associated with pharmacologic
prophylaxis nor was there early discon-
tinuation of therapy due to bleeding.

Although these reports have suggested
that early administration of pharmaco-
logic prophylaxis in patients with severe
brain injury is safe, clinicians must con-
sider the fact that bleeding in this popu-
lation can be devastating and lead to

complete neurologic demise. The pooled
incidence of intracranial hemorrhage
seems low (approximately 3%), but clini-
cians must consider that many of these
studies had small sample sizes, lacked a
control group, or were retrospective in
nature. Caution must be exerted when
interpreting retrospective studies, as the
potential for bias exists in that patients
who received pharmacologic prophylaxis
may have been perceived to be at a lower
risk for hemorrhage. Clinicians, there-
fore, must give careful consideration to
the risk of a deleterious outcome from
both a thromboembolic event and intra-
cranial bleeding when the decision to im-
plement early pharmacologic prophylaxis
is made.

Anticoagulants used for
therapeutic anticoagulation

Although bleeding with therapeutic
anticoagulation has been well docu-
mented, there are minimal data specific
to the ICU setting. The prevalence of
bleeding has been estimated to be be-
tween 5% and 20% but will vary based on
the definition of bleeding, concomitant
drug therapy, and patient-specific factors
(36 –38). Factors that have associated
with an increased risk of bleeding are
surgery, trauma, renal failure, age, and
the use of thrombolytic therapy, aspirin,
and glycoprotein IIb/IIIa inhibitors (38).

Heparin has been the cornerstone of
therapy for ICU patients for several de-
cades (39). The half-life of heparin is rel-
atively short (60–90 mins), which is an
advantage in the setting of overantico-
agulation and/or bleeding. Heparin has
limitations in that it binds to acute-phase
plasma proteins, proteins released from
platelets and possibly endothelial cells,
thereby resulting in a variable response
(39). This variability can lead to suprath-
erapeutic levels of anticoagulation and
increase the risk for bleeding. In one
study (40) of patients with acute coronary
syndromes, the probability of major
bleeding was increased by 7% for every
10-sec increase in activated partial
thromboplastin time (p � .0004). Never-
theless, bleeding with intravenous (IV)
heparin is estimated to occur in approx-
imately 4% to 7% of patients (36, 38).

LMWHs have a more predictable dose
response than heparin and have been ex-
tensively studied in the setting of VTE
(36). Compared with unfractionated hep-
arin, LMWH may offer a slight benefit
with regard to bleeding. In one system-
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atic review (41), the occurrence rate of
major hemorrhage was 1.2% with LMWH
vs. 2% with unfractionated heparin (odds
ratio [OR], 0.57; 95% confidence interval

[CI], 0.39–0.83). This potential benefit,
however, must be balanced against the
risk of using a long-acting drug that is
only minimally affected by reversal

agents. In addition, the effects of LMWH
may be unpredictable in special situa-
tions, such as renal failure and morbid
obesity. Studies (16) have indicated that

Table 2. Prevalence of bleeding in trauma patients receiving low-molecular weight heparin for venous thromboembolism prophylaxis

Study Design n Study Drug

Time to
Initiation of
Prophylaxis

Bleeding
Definition Any Bleedinga Major Bleedinga

Knudson
et al (24)

P, RCT 372 Enoxaparin 30 mg
Q 12 vs. IPC

Within 24 hrs of
injury

Not stated Enoxaparin: 6 (5%)
of 120

IPC: 0%

Enoxaparin: 1 (0.8%)
of 120

Geerts et al
(20)

P, DB,
RCT

265 Enoxaparin 30 mg
Q 12 vs. LDUH 5000
units Q 12

Within 36 hrs of
injury

Major: Overt bleeding
associated with a
decrease in hemoglobin
of 2 g/dL, transfusion
of �2 units of pRBC,
an intracranial or
retroperitoneal site of
bleeding or the need
for surgical intervention

— Enoxaparin: 5 (2.9%)
of 129

Heparin: 1 (0.6%)
of 136

Haentjens (22) P, MC,
RCT

283 Nadroparin: Fixed
dose 3075 units
Q 24 vs. individualized
dose (5000–15,000
units Q 24)

Within 8 hrs of
injury

Major: Wound hematoma
necessitating surgical
intervention,
macrospcoic hematuria,
GI bleeding, bleeding
requiring a transfusion
or interruption of the
study medication

— Fixed dose: 5 (3.5%)
of 142

Individualized dose:
5 (3.5%) of 141

Cohn
et al (17)

P, DB,
RCT

66 Enoxaparin 30 mg
Q 12 vs. LDUH 5000
units Q 12

Within 24 hrs
of injury

Major: Overt bleeding
associated with a
decrease in hemoglobin
of 2 g/dL, transfusion
of �2 units of pRBC,
retroperitoneal or
intracranial bleeding

Minor: Excessive bleeding
from operative sites,
GI bleeding or hematuria

Enoxaparin: 5 (14.7%)
of 34

LDUH: 5 (15.6%)
of 32

—

Norwood,
et al (25)

P, Obs 118 Enoxaparin 30 mg
Q 12

Within 24 hrs of
admission

Not stated 0 (0%) of 118 —

Ginzburg
et al (21)

P, RCT 442 Enoxaparin 30 mg
Q 12 vs. IPC

Within 24 hrs of
injury

Major: Overt bleeding
associated with a
decrease in hemoglobin
of 2 g/dL, transfusion
of �2 units of pRBC,
intracranial or
retroperitoneal bleeding
or bleeding requiring
surgical intervention

Minor: Excessive bleeding
from operative sites, GI
bleeding or hematuria

Enoxaparin: 13 (3.7%)
of 218

IPC: 8 (3.6%)
of 224

Enoxaparin: 4 (1.8%)
of 218

IPC: 4 (1.8%)
of 224

Stannard
et al (27)

P, RCT 200 Enoxaparin 30 mg
Q 12 (Early
administration vs.
VFP � delayed
administration)

Early enoxaparin:
within 24–48
hrs injury

Delayed enoxaparin:
5 days after
admission

Not stated but bleeding
events included
incision site
hematomas, other
hematomas,
intracranial bleeding

Early enoxaparin: 18
(19%) of 97

Delayed enoxaparin:
18 (17%) of 103

—

Cothren
et al (18)

P, Obs 743 Dalteparin 5000
units Q 24

Mean, 3.28 days
from admission

Wound complications and
transfusions unexplained
by injury or surgery

Wound complications:
18 (2.7%) of 743

Unexplained transfusion:
22 (3%) of 743

—

RCT, randomized controlled trial; IPC, intermittent pneumatic compression; LDUH, low-dose unfractionated heparin; MC, multicentered; DB,
double-blind; GI, gastrointestinal; pRBC, packed red blood cells; P, prospective; Obs, observational; VFP, venous foot pump.

ap � .05 for pair-wise comparisons within each study.
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clearance of LMWH (as measured by
anti-Xa levels) are strongly correlated
with CrCl, specifically with enoxaparin.
These results are consistent with clinical
evaluations, whereby bleeding rates with

enoxaparin were higher in patients with
severe renal insufficiency (CrCl of �30
mL/min) (16). Therefore, recent clinical
practice recommendations (16) have ad-
vised against LMWH use in patients with

CrCl of �20 mL/min. Furthermore,
enoxaparin doses should be adjusted in
patients with CrCl of �30 mL/min. There
are limited data with other LMWH, such
as dalteparin or tinzaparin, but available

Table 3. Prevalence of bleeding in neurosurgical patients receiving venous thromboembolism prophylaxis

Study Design n Population Study Drug Initiation of Prophylaxis Bleeding

Cerrato et al (188) RCT 100 Elective intracranial
surgery

LDUH 5000 units Q 8
vs. control

2 hr before surgery LDUH: 2 (4%) of 50
Control: 1 (2%) of 50

Frim et al (191) Ret 611 Mixed neurosurgical
population

LDUH 5000 units Q 12
vs. control

Within 24 hrs after surgery LDUH: 0 of 138
Control: 1 of 473

Nurmohamed
et al (196)

MC, DB, RCT 485 Intracranial (98%)
and spinal
surgery

Nadroparin 3075 units
Q 24 vs. control

Within 24 hrs after surgery Nadroparin: 6 (2.5%) of 241
Control: 2 (0.8%) of 244

Wen et al (197) Obs 872 Mixed neurosurgical
population (17%
intracranial)

LDUH 5000 units Q 12 Evening before surgery Any bleeding: 6 (0.7%) of 872
Major bleeding: 3 (0.34%) of 872

Dickinson
et al (190)

RCT 66 Intracranial surgery
for tumor

Enoxaparin 30 mg Q 12 Before anesthesia Enoxaparin: 5 (11%) of 46
Control: 0 (0%) of 22

Agnelli et al (186) MC, DB, RCT 307 Intracranial (85%)
and spinal
surgery

Enoxaparin 40 mg Q 24 Within 24 hrs after surgery Any bleeding
Enoxaparin: 18 (12%) of 153
Control: 11 (7%) of 154

Major bleeding
Enoxaparin: 4 (2.6%) of 153
Control: 4 (2.6%) of 154

Macdonald
et al (195)

Obs 106 Intracranial surgery LDUH 5000 units Q 12 Before anesthesia 4 (3.8%) of 106

Constantini
et al (189)

DB, RCT 103 Intracranial surgery
for tumor

LDUH 5000 units Q 12
vs. control

2 hr before surgery Any bleeding
LDUH: 3 (5.5%) of 55
Control: 3 (6.3%) of 48

Major bleeding
LDUH: 1 (1.8%) of 55
Control: 2 (4.2%) of 48

Raabe et al (30) Ret 1564 Intracranial surgery LDUH 5000 units Q 8 Within 24 hrs after surgery All patients: 28 (1.8%) of 1564
Major procedures: 28 (2.3%) of 1197

Goldhaber et al
(193)

DB, RCT 150 Intracranial surgery
for tumor

Enoxaparin 40 mg Q 24
vs. LDUH 5000
units Q 12

Within 24 hrs after surgery Any bleeding
Enoxaparin: 2 (2.6%) of 75
LDUH: 1 (1.3%) of 75

Major bleeding
Enoxaparin: 1 (1.3%) of 75
LDUH: 0 (0%) of 75

Kim et al (31) Ret 64 Severe traumatic
brain injury

LDUH 5000 units
Q 12 hrs

�72 hrs of admission
(early) vs. �72 hrs of
admission (late)

Early administration: 0 (0%) of 47
Late administration: 0 (0%) of 17

Norwood
et al (35)

Obs 150 Severe TBI Enoxaparin 30 mg Q 12 Approximately 24 hrs after
initial evaluation

6 (4%) of 150

Kleindienst
et al (33)

Ret 785 TBI, spontaneous
ICH and elective
neurosurgery

Certoparin 18 mg Q 24 ENS: evening before surgery
TBI/ICH: approximately
24 hrs postadmission

ENS: 3 (1.1%) of 267
TBI: 9 (3.2%) of 280
SAH: 0 (0%) of 238

Macdonald
et al (194)

RCT 97 Intracranial surgery Dalteparin 2500
units Q 24 vs.
LDUH 5000
units Q 12

Before anesthesia Dalteparin: 2 (4%) of 51
LDUH: 1 (2%) of 49

Gerlach et al (192) Obs 2823 Intracranial surgery Nadroparin 2850
units Q 24

Within 24 hrs after surgery All patients: 43 (1.5%) of 2823
Major procedures: 42 (3.2%) of 1319

Kurtoglu
et al (34)

RCT 120 Severe TBI (91%)
and spinal
trauma

Enoxaparin 40 mg
Q 24 vs. control

Approximately 24 hrs after
admission

Any bleeding
Enoxaparin: 9 (15%) of 60
Control: 5 (8.3%) of 60

Major bleeding
Enoxaparin: 1 (1.6%) of 60
Control: (1.6%)

Kim et al (32) Ret 37 Aneurysmal SAH,
TBI, ICH

LDUH 5000 units
Q 12 (95%) or
enoxaparin 30
mg Q 12 (5%)

Variable 0 (0%) of 37

Cage et al (187) Ret 86 Intracranial surgery
for tumor

Enoxaparin 40 mg
Q 24 vs. control

Within 48 hrs after surgery Any bleeding
Enoxaparin: 3 (12.5%) of 24
Control: 8 (12.9%) of 62

Major bleeding
Enoxaparin: 1 (4.2%) of 24
Control: 5 (8.1%) of 62

RCT, randomized controlled trial; Ret, retrospective; Obs, observational; LDUH, low-dose unfractionated heparin; MC, multicenter; DB, double-blind;
ENS, elective neurosurgery; TBI, traumatic brain injury; SAH, subarachnoid hemorrhage; ICH, intracerebral hemorrhage.
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evidence does not suggest a substantial
degree of accumulation.

The direct thrombin inhibitors (e.g.,
lepirudin, argatroban) are primarily used
in critically ill patients when heparin-
induced thrombocytopenia (HIT) is ei-
ther suspected or confirmed. Direct
thrombin inhibitors do not bind to
plasma proteins; therefore, they have less
variability and a more predictable re-
sponse compared with unfractionated
heparin (42). Nevertheless, bleeding rates
with lepirudin have been relatively high.
A combined analysis of three studies (43)
in patients with HIT revealed bleeding
rates of 17.6% with lepirudin vs. 5.8%
with historical controls (p � .0015). Sim-
ilarly, one study (44) of non-HIT patients
(e.g., myocardial infarction [MI] or unsta-
ble angina) noted higher bleeding rates
with lepirudin vs. unfractionated heparin
(1.2% vs. 0.7%, p � .01). It has been
suggested that the approved dosing regi-
men of lepirudin (0.4 mg/kg bolus, fol-
lowed by 0.15 mg/kg/hr) is too high,
which may have contributed to the in-
creased bleeding rates observed (45). In
addition, increased serum creatinine
(�1.0 mg/dL) has also been associated
with increased bleeding (43). Lower start-
ing doses (i.e., 0.1 mg/kg/hr in patients
with normal renal function and 0.05 mg/
kg/hr in patients with compromised renal
function) are, therefore, recommended
(46). Other ADEs with lepirudin include
rare anaphylaxis reactions, which can oc-
cur on reexposure. It has been suggested
that this can be avoided by omitting the
bolus dose (45).

Major bleeding has been noted in 0%
to 10% of patients treated with argatro-
ban in clinical practice (47). In a pooled
analysis of 882 patients with HIT, there
was no significant difference in major
bleeding in patients treated with argatro-
ban vs. historic control (6% vs. 7%, re-
spectively; p � .74) (48). Similar to lepi-
rudin, lower doses (than recommended
in the package insert) may be required,
particularly in ICU patients. Studies (49–
51) in ICU patients have reported average
therapeutic doses ranging from 0.6 �g/
kg/min to 1.2 �g/kg/min, substantially
lower than the recommended 2 �g/kg/
min. This could be a result of decreased
perfusion to the liver (the primary mech-
anism for clearance) encountered in
many ICU patients. In lieu of these data,
recent guidelines have recommended a
lower initial dose (i.e., 0.5–1.2 �g/kg/
min) for patients with multiple organ sys-
tem failure, heart failure, severe ana-

sarca, or those who are postcardiac
surgery (46).

Fondaparinux is a synthetic inhibitor
of factor Xa that produces a predictable
anticoagulant response. The use of
fondaparinux for therapeutic anticoagu-
lation has been studied in the settings of
deep vein thrombosis (DVT), pulmonary
embolism (PE), and acute coronary syn-
dromes, but none were specific to the ICU
(52–54). The Matisse-PE trial compared
fondaparinux with unfractionated hepa-
rin for the initial treatment of PE and
noted no significant difference in the in-
cidence of bleeding (1.3% vs. 1.1%, re-
spectively) (53). Similarly, in the Matisse-
DVT trial, fondaparinux was compared
with enoxaparin for the initial treatment
of DVT and found no significant differ-
ence in bleeding between groups (1.1%
vs. 1.2%, respectively) (52). In a com-
bined analysis of the OASIS 5 and 6 trials,
fondaparinux was compared with a hepa-
rin-based strategy (either unfractionated
heparin or enoxaparin) in patients with
acute coronary syndromes (54). Bleeding
rates were significantly lower with
fondaparinux (3.4% vs. 2.1%, p �
.00001). Despite these potential advan-
tages, fondaparinux has a prolonged half-
life (approximately 17 hrs) and does not
have a reversal agent. This, along with
the fact that fondaparinux is contraindi-
cated in patients with renal insufficiency
(CrCl of �30 mL/min), markedly limits
its usefulness in the ICU.

Thrombolytics

Bleeding after the administration of
thrombolytic agents can lead to a cata-
strophic outcome and is a major consid-
eration when evaluating the appropriate-
ness of their use. Thrombolytic therapy is
a potential treatment option for patients
with venous thrombosis (e.g., DVT and
PE), arterial thrombosis (e.g., MI and pe-
ripheral artery occlusion) and neurologic
syndromes (e.g., ischemic stroke and in-
traventricular hemorrhage). Risk factors
for bleeding seem to vary, based on the
underlying disorder that is treated (38).
For example, in patients with MI, in-
creased age, low body weight, prior cere-
brovascular disease or hypertension, in-
creased systolic/diastolic blood pressure
and drug (randomization to tissue plas-
minogen activator) were independent
predictors for intracranial hemorrhage
(55). Risk factors for bleeding in patients
with PE are similar to that observed in
patients with MI (56). In patients with

stroke, on the other hand, leukoaraiosis,
pretreatment National Institutes of
Health stroke scale score, degree of clin-
ical deficit, brain edema, early signs of
cerebral ischemia on computed tomogra-
phy, mass effect before treatment and re-
duced pretreatment middle cerebral ar-
tery blood flow have been identified as
independent risk factors for bleeding
(38). Clinical pathways/checklists are
available to aid with the decision to ad-
minister thrombolytics for the treatment
of stroke (57). For further reading re-
garding thrombolytic therapy for the in-
dication of stroke and MI, the reader is
referred elsewhere (58–60).

The benefit of thrombolytic therapy
for the treatment of stroke and MI has
been well established, but their use for
the treatment of PE remains a challenge.
Clinical trials evaluating the efficacy of
thrombolytic therapy have only shown
marginal benefit; therefore, the risk/
benefit ratio may weigh more favorably
against their use when bleeding risk is
considered. There have been several ran-
domized trials evaluating thrombolytics
for PE, but collectively these trials have
only included �800 patients (Table 4). In
a meta-analysis (61) of these trials, a non-
significant increase in major bleeding
was noted (9.1% vs. 6.1%) with a signif-
icant increase in nonmajor bleeding
(22.7% vs. 10%). Clinicians must con-
sider that the bleeding rates reported in
clinical trials (which must abide by strin-
gent inclusion/exclusion criteria) may
differ from that observed in clinical prac-
tice. Registry data from the International
Cooperative Pulmonary Embolism Regis-
try, which included 2,454 patients, re-
ported bleeding rates of 21.7% and 8.8%
for patients who did and did not receive
thrombolytics, respectively (62). The
prevalence of intracranial bleeding was
3% (thrombolytics) and 0.3% (no throm-
bolytic). Clinical algorithms are available
which weight the risk and benefit of
thrombolytic therapy stratified by the de-
gree of hemodynamic stability (e.g., mas-
sive PE vs. submassive PE) (63, 64).

Drotrecogin

Drotrecogin or activated protein C
(APC) is a vitamin K-dependent protein,
which has several mechanisms of action
that may benefit patients with sepsis, in-
cluding anticoagulant activity (inhibiting
coagulation factors Va and VIIIa), inhibi-
tion of the production and release of in-
flammatory cytokines such as interleukin
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and tumor necrosis factor, and restora-
tion of fibrinolyis by inhibiting fibrino-
lytic inhibitors such as plasminogen ac-
tivator inhibitor-1, and thrombin
activatable fibrinolysis inhibitor. Because
of its anticoagulant effects, the major ad-
verse effect of APC is bleeding. Some of
the major clinical trials with APC in se-
vere sepsis and serious bleeding rates are
summarized in Table 5.

Although the use of therapeutic anti-
coagulation was not allowed in clinical
trials, prophylaxis doses of heparin was
allowed. The PROWESS trial (65), which
demonstrated a survival benefit of APC in
patients with severe sepsis, did not report
an increase in bleeding with prophylactic
heparin. The XPRESS trial found a slight
increase in bleeding risk in patients re-
ceiving heparin prophylaxis compared
with placebo (10.8% vs. 8.1% in study
days 0–6, p � .049) but also found a
higher mortality rate in patients on hep-
arin before randomization who received
placebo (35.6% vs. 26.9%, p � .005), sug-
gesting that it may be detrimental to dis-
continue prophylactic heparin when ini-
tiating drotrecogin (66).

Several observational trials have sug-
gested that the rate of bleeding in clinical
practice is much higher than that of the
controlled trials and may be associated
with increased mortality. These trials
bring into question whether the benefit
of APC exceeds the risk in general prac-
tice. As summarized by Gentry et al (67),
several of the precautions of APC in the
Food and Drug Administration-approved
labeling were actually contraindications

in the published controlled trials of APC.
Therefore, the benefit/risk ratio is very
difficult to determine in patients with
these bleeding risks.

Bertolini et al (68) performed a pro-
spective, multicenter, surveillance pro-
gram with a parallel nonrandomized con-
trol group to monitor the use of APC in
Italy and its effect on patient’s health. A
total of 668 patients received APC. Bleed-
ing events during the infusion period oc-
curred in 10.9% of patients (n � 73),
which were much higher than that re-
ported in controlled trials. The most
common site of bleeding was GI (30.3%)
followed by intrathoracic (17.9%), skin
and soft tissue (12.5%), intracranial
(10.7%), genitourinary (8.93%), intra-
abdominal (1.79%), and the rest was un-
defined or missing. In a modified case
report form which called for detailed
evaluation of the severity of bleeding,
4.6% were classified as severe (defined as
resulting in death, were life threatening,
required prolonged hospitalization, or re-
quired �2 units of blood). In three pa-
tients, bleeding was life threatening, and
in two others, it was fatal. Mortality was
higher in patients with bleeding (57.5%
vs. 44.9%; p � .041). Crude ICU mortality
was lower in patients receiving APC, but
multivariate analysis suggested that APC
was associated with higher mortality in
patients after scheduled surgery (OR,
2.79; 95% CI, 1.31–5.97). The authors
concluded that: the target population for
APC treatment is not clearly defined; the
current definition of high-risk patients is
questionable; treatment with APC may be

harmful for patients who do not match
currently provided indications; and fur-
ther controlled trials are needed. As sum-
marized by Gentry et al (67), several is-
sues with this trial make it difficult to
determine risk/benefit ratio, including the
fact that the control group was from a dif-
ferent database, time period, and medical
center; the serious bleeding rate was not
determined for the majority of patients;
platelet counts were available for a minority
of treated patients; and several baseline
characteristics were significantly different
between the two groups.

Kanji et al (69) preformed a multi-
center observational study evaluating the
use of APC in adult severe sepsis. A total
of 261 courses of APC were evaluated.
Severe bleeding was defined as intracra-
nial hemorrhage, any bleeding event clas-
sified as serious by the primary treating
physician, or any bleeding event requir-
ing 3 units of packed red blood cells for 2
consecutive days. Overall mortality was
45%, and the rate of serious bleeding was
10%, which is also higher than the
PROWESS trial. The majority of bleeding
events occurred during the infusion
(76%). Of the 25 bleeding events, nine
(36%) were GI or intra-abdominal, three
(12%) were intrathoracic, one was intracra-
nial, two (8%) were skin and soft tissue,
three (12%) were genitourinary, two (8%)
were other, and five (20%) had no identifi-
able source. One patient died of intracranial
hemorrhage during the infusion. Logistic
regression analysis revealed that having
four or more failing organs (OR, 3.1; 95%
CI, 1.2–7.8; p � .016) and having a relative

Table 4. Bleeding rates in patients receiving thrombolytics for pulmonary embolism

Study Design n Thrombolytic Drug
Major Bleeding
Thrombolytic

Major Bleeding
Control

UPET (198) MC, RCT 160 UK 2000 units/lb bolus, followed by 2000 units/lb
for 12 hrs

22 (26.8%) of 82 11 (14.1%) of 78

Tibbutt et al (208) 2 center, RCT 30 SK 600,000 units intrapulmonary followed by
100,000 units/hr for 72 hrs

1 (7.7%) of 13 1 (5.9%) of 17

Ly et al (206) RCT 25 SK 250,000 units followed by 100,000 units/hr
for 72 hrs

4 (28.6%) of 14 2 (18.2%) of 11

Dotter et al (207) RCT 31 SK 250,000 units followed by 100,000 units/hr
for 18–72 hrs

3 (20%) of 15 4 (25%) of 16

Marini et al (207) RCT 30 UK 800,000 units over 12 hrs daily for 3 days
or UK 3,300,000 units over 12 hrs

0 (0%) of 20 0 (0%) of 10

Levine et al (205) MC, DB, RCT 58 tPA 0.6 mg/kg over 2 mins 0 (0%) of 33 0 (0%) of 25
PIOPED (199) MC, DB, RCT 13 tPA 40–80 mg at 1 mg/min 1 (11.1%) of 9 0 (0%) of 4
Dalla-Volta et al (200) MC, RCT 36 tPA 10 mg followed by 90 mg over 2 hrs 3 (15%) of 20 2 (12.5%) of 16
Goldhaber et al (202) RCT 101 tPA 100 mg over 2 hrs 3 (6.5%) of 46 1 (1.8%) of 55
Jerjes-Sanchez

et al (203)
RCT 8 SK 1,500,000 units over 1 hr 0 (0%) of 4 0 (0%) of 4

Konstantinides
et al (204)

MC, DB, RCT 256 tPA 10 mg bolus followed by 90 mg over 2 hrs 1 (0.8%) of 118 5 (3.6%) of 138

MC, multicentered; RCT, randomized controlled trial; UK, urokinase; SK, streptokinase; DB, double-blind; tPA, tissue plasminogen activator.
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contraindication to APC therapy (OR, 2.7;
95% CI, 1.1–6.5; p � .028) were predictive
of a serious bleeding event.

Wheeler et al (70) performed an obser-
vational study of APC in 274 patients with
severe sepsis from five teaching institutions
in the United States. Severe bleeding was
defined the same as in the PROWESS trial
and in the trial by Kanji et al (69). Hos-
pital mortality was 42% and the serious
bleeding rate during the infusion was 4%.
The prevalence of serious bleeding
seemed to be higher among patients with
thrombocytopenia (18.8% of patients
with platelet count of �50,000) and in
patients with recent surgery (6.6%).
However, the investigators failed to find
an increased risk of bleeding among pa-
tients who would have been excluded
from the PROWESS trial, but the analysis
is limited by the few patients who met
these criteria.

Gentry et al (67) performed a retro-
spective study on 73 patients with severe
sepsis treated with APC from two tertiary
Veterans Affairs Medical Centers, and
compared outcomes in patients with
baseline bleeding precautions with those
without bleeding precautions. Serious

bleeding events occurred in seven (35%)
of 20 patients with any bleeding precau-
tion as opposed to only two (3.8%) of 53
patients without any bleeding precau-
tions (p � .0001). Mortality was also
higher in patients with bleeding precau-
tions (65% vs. 24.5%, p � .0015). Multi-
variate analysis found that the presence of
a baseline bleeding precaution, increased
Acute Physiology and Chronic Health Eval-
uation II score, and the presence of blood-
stream infection were independent vari-
ables associated with mortality.

Colloids

Excessive hemodilution after volume
expansion may increase the risk of bleed-
ing by decreasing the concentration of
platelets and coagulation factors, and
some colloids may have other properties
that can increase the risk of bleeding.

Levi and Jonge (71) summarized the
literature regarding known effects of var-
ious colloids on coagulation. Gelatins
were initially felt to only influence coag-
ulation by dilution, but some data sug-
gested that they may decrease clot
strength and decrease platelet aggrega-

tion through binding and decreasing von
Willebrand factor (VWF). Dextrans are
known to decrease VWF and factor VIII
and increase fibrinolysis, and they have
been shown to be effective in preventing
thrombosis and PE. Therefore, the dex-
trans have become utilized more as an
anticoagulant than as a plasma expander.
Hydroxyethlystarch (HES)-based com-
pounds have also been found to decrease
VWF and factor VIII as well as increase
fibrinolysis.

Westphal et al (72) recently reviewed
differences in HESs. HESs are identified
by three numbers: the first number is the
concentration in percentage; the second
number is the average molecular weight;
and the third number is the molar sub-
stitution (MS). HES products with an MS
of 0.7 are called hetastarches, MS of 0.6
are hexastarches, MS of 0.5 are pen-
tastarches, and MS of 0.4 are tet-
rastarches. Older-generation HES with
high MS are less prone to enzymatic
breakdown and accumulate in the plasma
more than newer-generation tet-
rastarches. The more rapidly degradable
HES products have been found to have a
greatly reduced effect on coagulation as

Table 5. Bleeding rates from clinical trials of drotrecogin in severe sepsis

Trial Design
Serious Bleedinga

During Infusion

Serious Bleeding
During 28-Day Study

Period Identified Bleeding Risk Factors

PROWESS
(65)

Multicenter, randomized,
double-blind, placebo-
controlled in 1690 patients
with severe sepsis (SIRS with
one or more organ failure)

NR APC vs. placebo, 3.5%
vs. 2%, p � .06

Gastrointestinal ulceration, APTT
�120 secs, INR �3, platelet
count decreased to �30,000,
traumatic injury of blood
vessel or traumatic injury of
highly vascular organ

ADDRESS
(209)

Multicenter, randomized,
double-blind, placebo-
controlled in 2640 patients
with severe sepsis (SIRS with
one organ failure or APACHE
II score �25)

APC vs. placebo 2.4%
vs. 1.2%, p � .02

APC vs. placebo 3.9%
vs. 2.2%, p � .01

Not specifically reported but in
surgical patients who had a
bleeding event, more patients
who received APC died of
multisystem organ failure or
of a hemorrhage

ENHANCE
(210)

Open-label, multicenter in 2378
patients with severe sepsis
receiving APC

3.6% 6.5% Approximately 50% identified as
being procedure related

XPRESS
(66)

Multicenter, randomized,
double-blind, phase 4,
equivalence design in 1994
patients with severe sepsis
receiving APC randomized to
prophylactic heparin vs.
placebo

5.7% APC plus heparin
vs. 7.5% APC plus
placebo, p � .12

3.9% APC plus heparin
vs. 5.2% APC plus
placebo, p � .16

NR

NR, not reported; APTT, activated partial thromboplastin time; INR, international normalized ratio; APC, activated protein C; SIRS, systemic
inflammatory response syndrome; APACHE, Acute Physiology and Chronic Health Evaluation.

aSerious bleeding defined similarly in PROWESS, ADDRESS, and ENHANCE as serious intracranial hemorrhage, any life-threatening bleeding, any
bleeding event classified as serious by the investigator, or any bleeding event requiring the administration of 3 units of packed red cells on 2 consecutive
days. Serious bleeding defined in XPRESS as fatal bleeding and/or nonfatal serious bleeding (defined as intracranial hemorrhage or bleeding at a critical
location).
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compared with hetastarches. In a pooled
analysis of clinical trials in major sur-
gery, Kozek-Langenecker et al (73) found
that 6% HES 130/0.4 significantly re-
duced blood loss by 404 mL (p � .006)
and transfusion volumes by 137 mL (p �
.004) as compared with 6% HES 200/0.5.
Hetastarch is available in normal saline
or lactated Ringer’s; however, several
studies (74, 75) suggested that the di-
luent does not make a difference in the
effect on coagulation.

There are very few trials in critically ill
patients that compare various colloids in
terms of their effects on bleeding. How-
ever, some recent large-scale trials have
compared colloids with crystalloids in
critically ill patients. Albumin is gener-
ally felt to have the least effect on coag-
ulation. The SAFE trial (76) was a multi-
center, randomized trial comparing
albumin 4% with normal saline in the
resuscitation of 6,997 patients in ICU.
Overall, there were no significant differ-
ences in overall outcomes at 28 days.
Patients receiving albumin did receive a
higher volume of packed red cells on av-
erage than those receiving normal saline
on day 1 (97.8 mL vs. 71.7 mL, respec-
tively, p � .001) and on day 2 (106.5 mL
vs. 61.1 mL, respectively, p � .001). Dur-
ing the first 4 days, this averaged to less
than one quarter of a unit of packed red
cells. Therefore, the authors did not feel
this would have a clinically significant
effect on outcomes.

Brunkhorst et al (77) conducted a
multicenter randomized trial evaluating
both intensive insulin therapy and conven-
tional insulin therapy and a pentastarch
(10% HES 200/0.5) or Ringer’s lactate for
fluid resuscitation in 537 patients with se-
vere sepsis. The mortality rate at 28 days
did not vary between the HES and Ringer’s
lactate group (26.7% vs. 24.1%, respec-
tively, p � .48). There was a trend toward a
higher mortality in the HES group at 90
days (41% vs. 33.9%, p � .09). The HES
group had significantly higher rates of
acute renal failure (34.9% vs. 22.8%, p �
.002), a lower median platelet count
(179,600/mm3 vs. 224,000/mm3, p � .001),
and received more units of packed red cells
(6 vs. 4, p � .001) compared with Ringer’s
lactate. Although the difference was not
statistically significant, there were slightly
more patients in the HES group who had
bleeding (5% vs. 3.6%, p � .45) and serious
bleeding (3.4% vs. 1.5%, p � .14) com-
pared with Ringer’s lactate. The authors
concluded that HES solutions should be
avoided until long-term studies with ade-

quate numbers of patients show that HES
solutions are safe in critically ill patients.

Medications with procoagulant
effects

Although medications to prevent or
manage severe and life-threatening
bleeding in the critically ill are widely
used, the potential for overcorrection or
clotting exists. In addition, strategies to
decrease blood transfusions are increas-
ingly being considered, and ADEs relative
to their use are becoming more recog-
nized. Pharmacologic interventions (used
to either manage bleeding or reduce
transfusions) that have the potential to
induce thrombosis are described below.
ADEs that are encountered with medica-
tions used in the management of GI
bleeding (e.g., vasopressin, octreotide,
proton pump inhibitors) are covered in
the portion of this supplement reviewing
drug-induced GI complications.

Recombinant factor VIIa

Recombinant factor VIIa (rFVIIa) was
originally developed and approved for use
in patients with various types of hemo-
philia and patients with factor VII defi-
ciency (78). Subsequent investigations
probed its potential use for the control of
bleeding in patients without hemophilia
or other clotting deficiencies or disor-
ders. Off-label use has focused on patients
with multiple trauma, intracranial hem-
orrhage, transplantation, cardiac surgery,
and bleeding due to warfarin or other
anticoagulants.

The use of rFVIIa in nonhemophilia
patients, in particular, its safety profile,
has been reviewed previously (79–84).
According to postmarketing surveillance
data, adverse drug reactions are �1 per
1000 standard doses (78). Off-label use is
widely published in the medical litera-
ture, although many of the publications
are case reports or small uncontrolled
studies (85, 86). Many of the studies,
likely due to their small size, either did
not observe or did not report adverse
events. One of the more recent and larg-
est reviews (81) of rFVIIa’s safety profile
evaluated serious thromboembolic events
reported to the Food and Drug Adminis-
tration’s Adverse Event Reporting Sys-
tem. During a period of nearly 6 yrs, 431
adverse events reports were submitted,
accounting for 185 thromboembolic
events. Events included cerebrovascular
accidents, MIs, other arterial thromboses,

venous thromboses, PEs, and clotted de-
vices. Probable cause of death in 36 of the
50 reported deaths was the thromboem-
bolic event. Unfortunately, it is difficult
to determine prevalence of ADEs from
these data, as they were from voluntary
reporting and total use (i.e., the denom-
inator for this calculation) is unknown.
Thomas et al (87) examined medical
records of 285 patients, who received
rFVIIa over a 5-yr period. Overall, 27
(9.4%) patients experienced a thrombo-
embolic event with nine being highly re-
lated to rFVIIa. Interestingly, 18 (67%) of
the events were observed in the anatom-
ical vicinity of defined high-energy vascu-
lar trauma. There were ten deaths in the
cohort thought to be caused, in part, by
the thromboembolic complication.

Two studies that were performed si-
multaneously and reported in a single
publication in blunt and penetrating
trauma evaluated the efficacy and safety
of rFVIIa vs. placebo (88). The primary
outcome was red blood cell units trans-
fused within 48 hrs of the first rFVIIa
dose. Safety outcomes included adverse
event frequency and timing, changes in
coagulation-related laboratory values,
and a composite end point of death and
critical complications. Adverse events
were similar between the treatment and
control groups in both the blunt and pen-
etrating trauma patients. Acute respira-
tory distress syndrome, multiple organ
failure, and sepsis were the most fre-
quently reported adverse events. Twelve
thromboembolic events occurred during
the study; six in each group, including
PE, subclavian vein thrombosis, mesen-
teric vein thrombosis, cerebral infarction,
and DVT in the placebo group; and jugu-
lar vein thrombosis, arterial limb throm-
bosis, cerebral infarction, intestinal in-
farction, phlebothrombosis, and DVT in
the rFVIIa group. The authors reported
no differences between rFVIIa and pla-
cebo for mortality, critical complications,
or the composite end points.

Four separate studies (89–92) evalu-
ated the safety and efficacy of rFVIIa in
the management of intracerebral hemor-
rhage. The largest and most recent was a
Phase III study comparing placebo to two
dosages (20 �g/kg and 80 �g/kg) of rF-
VIIa given within 4 hrs after the onset of
stroke (89). The primary outcome was
death or disability at 90 days. Safety end
points included occurrence of MI, isch-
emic stroke, DVT, and PE. The total prev-
alence of serious thromboembolic events
was similar in each group (9% in patients
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receiving 20 �g/kg, 10% in patients re-
ceiving 80 �g/kg, and 8% in the placebo
group). There was no significant differ-
ence in MI, cerebral infarction, DVT, or
PE between groups. However, there was a
significant difference in the occurrence of
arterial events (5% in patients receiving
20 �g/kg, 8% in patients receiving 80
�g/kg, and 4% in patients receiving pla-
cebo, p � .04 for 80 �g/kg vs. placebo).
Post hoc analysis identified age and prior
use of an antiplatelet agent as risk factors
for thromboembolic events, but not rFVIIa.
Survival and functional outcome were
not different between groups. A more
complete list off label rFVIIa studies is
found in Table 6.

Prothrombin complex
concentrates

Prothrombin complex concentrates
(PCC) are heterogeneous mixtures of es-
sential coagulation factors, including fac-
tors II, VII, IX, and X. Several products are
available for use in the United States and
Europe, each containing variable quantities
of each factor. One major difference among
the individual products is the amount or
inclusion of factor VII. Earlier PCC prod-
ucts contained negligible amounts of factor
VII and were referred to as “3-factor PCCs.”
Newer formulations, however, have added
significant concentrations of factor VII and
are deemed “4-factor PCCs.” The thrombo-
embolic potential between 3 and 4 factor
PCCs has not been thoroughly described.

Early reports with PCCs have docu-
mented a high prevalence (11%) of throm-
boembolic events, but this has decreased
markedly over the last 30 yrs, largely due to
improvements in the quality of factors used
in the formulation (93, 94). Furthermore,
most formulations now contain one or
more coagulation inhibitor, such as protein
C, protein S, protein Z, antithrombin III, or
heparin (95). The addition of small
amounts of anticoagulant can potentially
shift the balance of coagulation factors to a
more physiologic state with the goal of pre-
venting excessive clot formation (96). One
recent review (97) of 14 studies, which in-
cluded 460 patients with warfarin overdose,
reported seven thrombotic complications.

Several risk factors for thrombosis post
PCC have been proposed (94, 96, 98). First
is the use of higher or repeated dosing of
PCC. This is likely due to the differences in
half-lives of factors II, VII, IX, X and pro-
teins C and S and the potential for accu-
mulation of factors II and X. Second is the
composition of factors used in the individ-

ual formulation. Because there is no stan-
dardization of factor concentrations among
the various products, the risk for thrombo-
sis will vary within. Formulations that con-
tain higher concentrations of factors II and
X, active coagulation factors (e.g., factor
VII), or phospholipids may increase throm-
bogenicity. An additional risk factor is the
patient’s underlying disease and current
clinical condition. For example, patients
with warfarin-related coagulopathy may
have a higher tendency for thromboembo-
lism as a result of the original indication for
warfarin, and those with hepatic dysfunc-
tion can have antithrombin III deficiency.
Finally, thrombus related to HIT should
not be overlooked due to the presence of
heparin in some formulations.

Antifibrinolytics

Aprotinin (a serine protease inhibi-
tor), epsilon aminocaproic acid (EACA),
and tranexamic acid (lysine analogs) have
been widely used to facilitate hemostasis
for many years (84, 99–103). The vast
majority of use and research with these
agents has been in cardiac surgery pa-
tients, although there are limited data in
other patient populations. The Food and
Drug Administration suspended aproti-
nin marketing in the United States in late
2007 due to acute renal failure and vas-
cular safety concerns, and ultimately an
increased risk of mortality associated
with its use in cardiac surgery patients.
Aminocaproic acid and tranexamic acid
continue to be used. Adverse drug events
associated with EACA and tranexamic
acid use include minor side effects, such
as transient hypotension (related to the
rate of IV administration), nausea, vom-
iting, diarrhea (more common with oral
tranexamic acid than IV lysine analogs),
and rash, as well as more serious (e.g.,
thromboembolic) events.

The safety and efficacy of EACA and
tranexamic in cardiac surgery patients
are well described in the literature, with
many large trials or meta-analyses pub-
lished between 2007 and the first half of
2009 (104–109). Both of these medica-
tions are effective hemostatic agents, de-
fined typically as decreased blood loss,
decreased use of blood products, and/or a
decreased need for reoperation due to ex-
cessive blood loss compared with placebo.
Additionally, although ADEs associated
with their use have been reported, nei-
ther the incidence nor severity of ADEs
differs significantly from placebo. Throm-
boembolic events have been reported, in-

cluding MI, stroke, PE, and DVT. Finally,
EACA and tranexamic acid have not been
shown to be associated with an increased
risk of mortality in cardiac surgery pa-
tients. Although some literature has sug-
gested a difference in efficacy between
these two lysine analogs, this has not
been observed consistently. The preva-
lence of ADEs associated with EACA and
tranexamic acid seems to be similar
(104–109).

Although the literature for EACA and
tranexamic use in cardiac surgery is robust,
the evidence for antifibrinolytic use beyond
this patient population is less abundant and
not convincing (110–123). Although one
might expect ADEs in other patient popu-
lations to be similar to those reported in
cardiac surgery patients, there is not
enough evidence to support this conclu-
sion. CRASH-2 (Clinical Randomisation of
an Antifibrinolytic in Significant Hemor-
rhage) is a large, randomized, placebo-
controlled trial investigating the use of
tranexamic acid in trauma patients with
hemorrhage (124). This international mul-
ticenter trial is scheduled to complete en-
rollment of 20,000 patients by the end of
2009. Primary outcomes include death,
transfusion requirements, and nonfatal vas-
cular (hemorrhagic and occlusive) events.
The authors plan to publish their results in
2010.

Desmopressin

Desmopressin is available in various
dosage forms and is approved for use in
the United States for a variety of uses,
including hemophilia A (with factor VIII
levels of �5%), von Willebrand disease
type I (with factor VIII levels of �5%),
diabetes insipidus, and primary nocturnal
enuresis (125). Desmopressin stimula-
tion of extrarenal V2 receptors increases
factor VIII and VWF, and has been used in
an attempt to control bleeding in patients
with and without normal coagulation
physiology. Additionally, uremia is asso-
ciated with decreased levels of VWF, lead-
ing to an interest in desmopressin use in
uremic patients with bleeding (126, 127).
Clinical trials (84, 99, 100, 103) in vari-
ous surgical patient populations (e.g.,
general surgery, obstetrical/gynecology,
orthopedic, cardiac surgery) have demon-
strated limited and inconsistent success.

Reported ADEs thought to be related
to desmopressin treatment for bleeding
in the critically ill are relatively uncom-
mon, although any procoagulant medica-
tion has the potential to increase throm-
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Table 6. Adverse events associated with recombinant factor VIIa

Study Design n Population Safety/Adverse Drug Events

Diprose et al
(212)

P, DB, RCT pilot
study

20 (10 in each arm) Cardiac surgery
requiring CPB

Thromboembolic events
Placebo: 1 stroke, 1 MI,1 death,
rFVIIa: 1 stroke, 1 MI

Boffard et al (88) P, DB, MC, RCT 143 Blunt trauma Serious ADEs
Placebo 66%, rFVIIa 64%

Thromboembolic ADEs
Placebo 4%, rFVIIa 3%

Death or critical complications
Placebo 42%, rFVIIa 29%

P, DB, MC, RCT 134 Penetrating trauma Serious ADEs
Placebo 56%, rFVIIa 51%

Thromboembolic ADEs
Placebo 5%, rFVIIa 6%

Death or critical complications
Placebo 34%, rFVIIa 29%

Raobaikady et al
(214)

P, DB, RCT 48 Pelvic trauma or major
pelvic reconstruction

1 ADE reported in each group; both ADEs
considered to be unrelated to treatment
(rFVIIa or placebo)

Mayer et al (91) P, DB, MC, RCT,
dose escalation
phase II trial

48 (12 placebo, 6 in each
dosage)

Spontaneous ICH Possible treatment-related ADEs (# patients)
Placebo–DVT (1) 10 �g/kg–pruritic rash (1)
20 �g/kg–vomiting (1), fever (1), ECG

changes, CK-MB negative (1), DVT (1)
40 �g/kg–ECG changes, troponin negative (1),

USA 29 days after treatment (1)
80 �g/kg, 120 �g/kg, and
160 �g/kg–no ADEs reported

Mayer et al (90) P, DB, MC, RCT 399 (randomized to placebo,
40 �g/kg, 80 �g/kg, or
160 �g/kg)

Spontaneous ICH Serious thromboembolic ADEs (%)
Placebo–2%
40 �g/kg–6%
80 �g/kg –4%
160 �g/kg –10%

Mortality (%)
Placebo –29%
40 �g/kg–18%a

80 �g/kg–18%
160 �g/kg–19%

Mayer et al (92) P, DB, MC, RCT,
dose escalation
phase II trial

40 (8 in placebo and each of
4 dosage groups)

Spontaneous ICH Serious ADEs possibly or probably related to
treatment (n patients)

Placebo–1
5 �g/kg–0
20 �g/kg–1
40 �g/kg–0
80 �g/kg–1

Mortality
Placebo–1
5 �g/kg–2
20 �g/kg–2
40 �g/kg–3
80 �g/kg–0

Mayer et al (89) P, DB, MC, RCT 841 (ITT) (randomized to
placebo, 20 �g/kg or 80
�g/kg)

Spontaneous ICH Thromboembolic ADEs (%)b

Placebo–8%
20 �g/kg–9%
80 �g/kg–10%

Mortality (%)
Placebo–19%
20 �g/kg–18%
80 �g/kg–21%
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boembolic risk. The most common side
effect, flushing with or without decreased
blood pressure, is usually mild. Reports of
ADEs with desmopressin have mostly
been limited to tachyphylaxis (and subse-
quent increase in bleeding time), free wa-
ter retention with hyponatremia, and
thromboembolic events. Tachyphylaxis is
usually avoided by limiting desmopressin
use to �24 hrs. Hyponatremia with sei-
zure activity has been reported, but with
long-term use of the drug in nocturnal
enuresis (128). Much of the literature de-
scribing thromboembolic a associated
with desmopressin consists of case re-
ports (129–134).

The most recent review was a meta-
analysis (155) of randomized controlled
trials evaluating desmopressin use in sur-
gery, its effect on blood loss and use of
blood products, and adverse events. The
authors analyzed 42 studies (from 38
publications). The 2,488 subjects in-
cluded cardiac, vascular, orthopedic,
plastic, and general surgery patients. Hy-
potension was the most common adverse
event associated with desmopressin ad-
ministration, but it was considered to be

transient and not serious. The authors
found no significant difference in ADEs
between desmopressin and placebo. The
prevalence of total thromboembolic ad-
verse events was 5.7% in the DDAVP
group vs. 4.6% in the placebo group (OR,
1.2; 95% CI, 0.68 –2.09); MI, 3.8% in the
DDAVP group vs. 2.9% in the placebo
group (OR, 1.27; 95% CI, 0.73–2.2; and
death, 1.2% in the DDAVP group vs. 0.9%
in the placebo group (OR, 1.25; 95% CI,
0.51–3.04).

Conjugated estrogens

Interest in the use of estrogens to
treat bleeding began after reports of in-
creased levels of estrogen and factor VIII
in pregnant women with von Willebrand
disease. This increase in factor VIII asso-
ciated with increased estrogen levels led
to studies (126, 136) demonstrating
shortened bleeding times in uremic pa-
tients receiving conjugated estrogens.
Further studies showed similar effects on
bleeding time, as well as improved clini-
cal outcomes. These studies (137–143)
included patients with renal failure, pa-

tients with GI bleeding, patients under-
going renal or liver transplantation,
and pediatric patients undergoing spi-
nal surgery.

Due to the relatively small numbers of
patients and studies (several of which are
case reports, or small uncontrolled case
series), ADEs due to estrogen use in crit-
ically ill patients are not well defined.
Although there are no well-documented
reports of thromboembolic ADEs in crit-
ically ill patients, estrogens are known to
be potentially thrombogenic in the gen-
eral population, particularly with long-
term use. Whether or not the short-term
regimens used in critically ill patients
result in a lower risk of thromboembolic
ADEs cannot be definitively answered.
Additionally, it is not known if higher
doses used in the management of bleed-
ing increase the risk of ADEs. Doses rang-
ing from 5 mg to 60 mg per dose, and up
to a cumulative dose of 3 mg/kg have
been used.

Finally, a small randomized, double-
blind trial (144) compared blood loss
(conjugated estrogens vs. placebo) in 16
patients undergoing coronary artery by-

Table 6.—Continued

Study Design n Population Safety/Adverse Drug Events

Lodge et al (213) P, DB, MC, RCT 200 (randomized to placebo,
20 �g/kg or 80 �g/kg)

Noncirrhotic patients
undergoing partial
hepatectomy

Serious ADEs (% patients)
Placebo–13%
20 �g/kg–17%
80 �g/kg–11%

Thromboembolic ADEs (% patients)
Placebo–4.4%
20 �g/kg–4.6%
80 �g/kg–4.6%

Death (% patients)
Placebo–4.4%
20 �g/kg–5.9%
80 �g/kg–0%

Shao et al (215) P, DB, MC, RCT 232 (randomized to placebo,
50 �g/kg or 100 �g/kg)

Cirrhotic patients
undergoing
hepatectomy

Serious ADEs (% patients)
Placebo–2.5%
50 �g/kg–2.7%
100 �g/kg–6.4%

Thromboembolic events (n of events)
Placebo–1 patient with pulmonary embolism
50 �g/kg–1 patient with suspected portal vein

thrombosis
100 �g/kg–1 patient with suspected

mesenteric vein thrombosis; 1 patient with
ECG changes and increased cardiac enzymes

Alten et al (211) Ret case series 135 Nonhemophiliac
pediatric patients
receiving at least 1
dose of rFVIIa

Authors reported 3 thromboembolic events:
cerebral infarction, lower extremity arterial
and venous thrombosis, and venous sinus
thrombosis in the brain

P, prospective; DB, double blind; RCT, randomized controlled trial; ITT, intent to treat; CPB, cardiopulmonary bypass; MI, myocardial infarction; MC,
multicentered; ADE, adverse drug event; DVT, deep vein thrombosis; ECG, electrocardiograph; USA, unstable angina; ICH, intracerebral hemorrhage; Ret,
retrospective; rFVIIa, recombinant factor VIIa.

ap � .05 compared with placebo; bp � NS for total thromboembolic ADEs; p � .04 for arterial thromboembolic ADEs for placebo vs. 80 �g/kg.
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pass graft surgery. Although no ADEs
were observed, the investigators reported
a nonsignificant trend toward an in-
creased blood loss in the estrogen group
(4-hr blood loss, 1449 � 231 mL in the
estrogen group vs. 1186 � 187 mL in the
control group). This is in contradiction to
an earlier study (145), which found a ben-
efit to estrogen therapy in cardiac surgery
patients.

Topical hemostatic agents

Topical hemostatics are often used as
adjunctive therapy in the management of
bleeding. They are widely employed in
the operative setting to help control sur-
gical bleeding. Commonly used topical
agents include various formulations of
thrombin, fibrin sealants, and miscella-
neous products, which can be applied as
powders, sprays, foams, solutions, gels,
granules, sponges, or bandages (84, 146–
149). Although considered safe and effec-
tive, these agents, despite being applied
locally, may cause clinically significant
side effects. Many topical hemostatics are
derived from bovine sources, which are
potentially immunogenic, and carry a
risk of transmitting diseases caused by
blood-borne pathogens. Products derived
from human plasma are less immuno-
genic, but they still carry a risk of disease
transmission. Thrombin preparations are
the most widely used topical hemostatics;
they are used in �1 million cases/yr.

Bovine thrombin was introduced for
clinical use in 1940 (147). Because it is a
plasma-derived product, there is a risk of
transmitting blood-borne pathogens, such
as parvovirus, hepatitis A, and prions. Tech-
nology for purifying thrombin products
and removing blood-borne pathogens has
improved dramatically from the time they
were first introduced, but these processes
remain imperfect. Although there are no
reports of infectious diseases caused by
plasma-derived thrombin, the potential for
transmission remains.

Exposure to bovine thrombin may in-
duce the formation of antibodies to bo-
vine and even human coagulation pro-
teins (149 –154). The incidence of
reported antibody production varies
widely, from 10% to �90% (150, 154–
156). This variability seems to be depen-
dent on factors such as the patient pop-
ulation, history of prior exposure, and the
purity of the product (153, 155, 156).
Because thrombin products contain con-
taminants, including other clotting fac-
tors, the immune response may not be

limited to the production of antibodies to
thrombin alone. In a study where 94% of
patients had an immunologic response to
a bovine thrombin product, 81% and
91% of patients demonstrated antibody
production to bovine factors V and Va,
respectively. Furthermore, 51% of indi-
viduals developed antibodies that cross-
reacted with human coagulation proteins
(154).

The ultimate concern with the immu-
nologic response is if this translates into
clinically significant ADEs. Numerous re-
ports (154–162) established this link, cit-
ing increased clotting times, excessive
oozing and bleeding, thrombosis, and
anaphylactic reactions. Ortel et al (154)
published their findings on 151 patients
undergoing cardiac surgery who received
bovine thrombin. Four to eight weeks
after surgery, 36% of the evaluable pa-
tients had at least one abnormal coagu-
lation test value. Although the authors
did not find an association between
thrombin use and postoperative ADEs,
increased antibody levels to �2 coagula-
tion proteins before surgery increased the
risk of adverse postoperative outcomes,
including hemorrhagic events (unad-
justed OR, 5.40; 95% CI, 1.54 –18.8).
There was also a significant difference in
ADEs in patients with postoperative ele-
vated antibodies to �2 bovine proteins
(34.6% vs. 66.7%, p � .0229). A recent
publication (149) provided a thorough
safety review of bovine-derived topical he-
mostatics, including thrombin, fibrin
sealants, and combination products. The
authors reviewed data from randomized
controlled trials, as well as case series and
case reports.

A purer formulation of bovine throm-
bin (Thrombin-JMI) contains a higher
percentage of thrombin and fewer con-
taminants, including factor V/Va. How-
ever, package inserts for this and other
bovine thrombin products still have
black-box warnings regarding antibody
production, and the subsequent risk of
immune-mediated coagulopathy and
other ADEs.

In an effort to address safety concerns
with bovine thrombin, two products were
recently approved for use in the United
States: A human pooled plasma thrombin
(Evithrom) in 2007; and a recombinant
human thrombin (Recothrom) in 2008
(147, 159, 163). Studies (151, 152) per-
formed across a wide range of surgical
disciplines indicated at least equivalent
efficacy for the human pooled plasma and
the recombinant human thrombins. As

with bovine thrombin, there have been
no reported cases of transmission of disease
with human pooled plasma thrombin, but
any blood-derived product has the potential
for causing such infectious complications.
Recombinant human thrombin is free from
human and bovine proteins and, therefore,
should carry no risk of blood-borne patho-
gen transmission.

In a multicenter, Phase III, prospec-
tive, randomized, double-blind trial
(152), 305 surgery patients received ei-
ther human pooled plasma thrombin or
bovine thrombin. Efficacy (hemostasis)
was similar between the two treatment
groups; 12.2% of patients who received
bovine thrombin developed antibodies to
at least one anticoagulant protein vs. only
3.3% of patients who received human
pooled plasma thrombin. A small number
of patients (raw data not reported) who
received bovine thrombin developed an-
tibodies that cross-reacted with human
thrombin; none of the patients in the
human pooled plasma thrombin treat-
ment group developed antibodies to any
human coagulation protein. There were
no differences in serious ADEs, and hem-
orrhagic complications were not ob-
served in either group.

A multicenter, Phase III, prospective,
randomized, double-blind trial by Chap-
man et al (151) compared the efficacy and
safety of a bovine thrombin with recom-
binant human thrombin in 401 surgical
patients. Efficacy (hemostasis at 10 mins)
was similar between the two treatment
groups. The investigators monitored clin-
ical ADEs, as well as antibody production.
There was a significantly higher preva-
lence of antibody development in patients
receiving bovine thrombin as compared
with recombinant human thrombin
(21.5% vs. 1.5% respectively, p � .0001).
However, there were no differences in
total ADEs, or ADEs stratified by level of
severity. A post hoc analysis showed that
subjects who developed antibodies in the
bovine thrombin group were more likely
to manifest bleeding, thromboembolic
events, hypersensitivity, and abnormal
activated partial thromboplastin time val-
ues when compared with subjects (in the
bovine thrombin group) who did not de-
velop antibodies.

Finally, a Phase IIIb, open-label, sin-
gle-group trial (164) evaluated the safety
of recombinant human thrombin use in
209 vascular and spinal surgery patients
with confirmed or highly likely prior his-
tory of bovine thrombin exposure; 15.6%
of patients had preexisting antibodies to
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bovine thrombin; 2% had antibodies to
recombinant human thrombin (the au-
thors were unable to explain these preex-
isting antibodies to the recombinant hu-
man product). After administration, no
patients demonstrated seroconversion or
a �10-fold increase in titers for antire-
combinant human thrombin antibodies.
Hypersensitivity reactions were minor
and infrequent, with pruritis and rash
reported in 7% and 2% of patients, re-
spectively. Commonly occurring ADEs
(�10% of patients) were mild and tran-
sient. No serious ADEs occurred at an
occurrence rate of �1%; and those seri-
ous ADEs observed were deemed to be
consistent with the population studied.
Two patients died during the study. Re-
combinant human thrombin treatment
was not a contributory factor in either
death, according to the principal investi-
gator. The authors concluded that re-
combinant human thrombin can be
safely administered to patients with a his-
tory of prior thrombin exposure, even
those with preexisting antibodies to bo-
vine thrombin.

Erythropoetin

Erythropoietin (EPO) has been stud-
ied in critically ill patients to reduce the
need for blood transfusions. Thromboem-
bolic complications have been docu-
mented with all of the EPOs, and have
resulted in black-box warnings on prod-
uct information. A meta-analysis of phase
III trials in patients with cancer found
that the use of darbepoetin or EPO was
associated with an increased risk of ve-
nous thromboembolism compared with
placebo or standard care (7.5% vs. 4.9%;
relative risk, 1.57; 95% CI, 1.31–1.87) and
increased mortality risk (hazard ratio,
1.1; 95% CI, 1.01–1.2) (165). In patients
with chronic renal failure, a greater risk
of arteriovenous access thrombosis and
mortality was found when higher target
hemoglobin concentrations were ob-
tained as opposed to lower targets
(thrombosis risk ratio, 1.34; 95% CI, 1.16
–1.54; mortality risk ratio, 1.17; 95% CI,
1.01–1.35) (166).

Anemia is common in the critically ill
patient due to a variety of causes, and
transfusions may result in many compli-
cations, including transfusion-related
acute lung injury. EPO improves the red
blood cell count by binding to receptors
on erythroid progenor cells to stimulate
the production of red blood cells. Al-
though a comprehensive review of its ef-

ficacy in the prevention of transfusions in
the critically ill patient is beyond the
scope of this article, in two trials (EPO 1
and EPO 2) (167, 168), EPO showed a
significant reduction in the need for
blood transfusions in critically ill pa-
tients. A third trial (EPO 3) (169) con-
ducted by the same EPO Critical Care
Trials Group utilized a more conservative
transfusion standard and did not show a
reduction in the need for transfusions,
but in a predefined subgroup analysis
did find a significant reduction in mor-
tality in trauma patients, suggesting
that further study is warranted in this
population.

EPO 1 and EPO 2 did not show an
increase in thromboembolic events with
EPO. However, EPO 3 did show an in-
creased prevalence of thrombotic vascu-
lar events (defined as PE, DVT, cerebro-
vascular event, MI, or cardiac arrest) with
EPO compared with placebo (16.5% vs.
11.5%, p � .008), predominately due to
an increase in the occurrence of DVT
(8.7% vs. 5.8%, p � .04) (169). This in-
creased prevalence of thrombotic events
was found despite exclusion of high-risk
patients (acute ischemic heart disease,
history of pulmonary embolus, DVT, isch-
emic stroke, other arterial or venous
thrombotic events, or a hypercoagulable
disorder). Post hoc analysis showed
thrombotic events to be increased among
patients who did not receive heparin at
baseline (20.3% vs. 12.8%; hazard ratio,
1.58; 95% CI, 1.09 –2.28; p � .008) but
not among those who received heparin at
baseline (12.3% vs. 10.2%; hazard ratio,
1.16; 95% CI, 0.75–1.8; p � .41). If EPO is
utilized in critically ill patients for pre-
vention of transfusion, it should be in the
same low-risk population as EPO 3, and
prophylactic anticoagulation should be
considered (170). Because evaluation for
thrombotic events in the EPO trials was
only done based on clinical suspicion and
routine screenings were not performed,
the actual occurrence of thrombotic
complications from EPO remains un-
known, and further study is needed. In-
vestigators have suggested several differ-
ent mechanisms of EPO that may cause
thromboembolic phenomenon. Tobu et
al (171) found increased levels of C-reac-
tive protein, nitric oxide, and thrombin
activatable fibrinolytic inhibitor in 106
hemodialysis patients with anemia being
treated with EPO, and they suggested
that a fibrinolytic deficit may cause
thrombosis in these patients. In an in
vitro study of cultured human endothe-

lial cells, Fuste et al (172) demonstrated
that EPO produced a dose-dependent ac-
tivation of signaling pathways that result
in an increased reactivity to platelets and
expression of tissue factor that may cause
thrombosis.

Reversal of antithrombotic
agents

In certain situations, such as severe
bleeding or the need for urgent surgery
or invasive procedures, it may be neces-
sary to reverse the effects of antithrom-
botic agents. Several options exist for re-
versal, which varies based on the causing
drug, the speed of reversal, and pro-
thrombotic risk. Therapeutic guidelines
(84) are available, which address bleeding
related to a variety of circumstances.

Heparin and LMWH

Protamine sulfate is a protein derived
from fish sperm that binds to and neu-
tralizes heparin. Protamine, 1 mg, will
neutralize 100 units of heparin (39). Be-
cause the half-life of heparin is 60–90
mins, when neutralizing the effects of
heparin, only the preceding several hours
needs to be considered. LMWH is only
partially reversed by protamine. It has
been postulated that incomplete neutral-
ization is due to incomplete binding.
However, Crowther et al (173) demon-
strated that variability in the reversal of
LMWH correlated to the degree of sulfate
charge. The total sulfate analysis and sub-
sequent degree of neutralization of vari-
ous LMWH by protamine are summarized
in Table 7.

Hirsh et al (39) provided recommenda-
tions for reversing LMWH with protamine.
If LMWH was given within 8 hrs, protamine
should be administered at a dose of 1 mg
per 100 anti-Xa units of LMWH (1 mg
enoxaparin equals approximately 100 an-
ti-Xa units). A second dose of 0.5 mg pro-
tamine per 100 anti-Xa units should be
administered if bleeding continues. Smaller
doses of protamine should be given if the
time since LMWH administration is �8
hrs. Protamine should be administered
slowly because of risk of histamine release
and hypotension. Protamine has some in-
trinsic anticoagulant effect, and excessive
dosing should be avoided. Noncardiogenic
pulmonary edema has also been rarely re-
ported with protamine.

Although there are little clinical data,
Young et al (174) demonstrated that re-
combinant activated factor VII (rFVIIa)
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effectively reversed the anticoagulant ef-
fects of heparin and enoxaparin ex vivo as
measured using thromboelastography,
although it did not reverse the anti-Xa
activity of enoxaparin. The authors sug-
gested that rFVIIa be considered for pa-
tients with excessive bleeding with hepa-
rin or LMWH.

Fondaparinux

Fondaparinux is an antithrombin-
binding pentasaccharide. It does not bind
to protamine; therefore, protamine is not
effective in reversal of fondaparinux. The
rFVIIa has been reported to reverse the
anticoagulant effects of fondaparinux in
human volunteers (175). Young et al
(174) also found that rFVIIa reversed the
anticoagulant effect of fondaparinux as
measured, using thromboelastography.
Fondaparinux has properties that would
favor removal via hemodialysis (e.g., low
molecular weight and low protein binding),
but binding to antithrombin substantially
decreases the degree of extracorporeal
clearance and drug accumulation has been
observed (176).

Direct thrombin inhibitors

There is no known reversal agent for
the direct thrombin inhibitors (lepirudin,
bivalrudin, argatroban). However, Young
et al (174) also demonstrated that rFVIIa
reversed the anticoagulant effects of ar-
gatroban. In addition, in vitro studies
(177) with melagatran have reported im-
proved clot formation using PCC, but
clinical data are limited.

Vitamin K antagonists

Guidelines (178) for the management
of bleeding from vitamin K antagonists,

such as warfarin, have been extensively
reviewed. Alternatives for managing
bleeding from vitamin K antagonists in-
clude vitamin K1 or phytonidione, fresh
frozen plasma (FFP), PCC, and rFVIIa.
Recommendations from the American
College of Chest Physicians are summa-
rized in Table 8.

Vitamin K is not recommended to be
given subcutaneously because its effect is
variable and delayed by this route. Ana-
phylaxis is rare, but it can occur with IV
administration. It may take up to 24 hrs
to achieve the full effect of vitamin K
(179). The recommended doses of vita-
min K are summarized in Table 8. Exces-
sive dosing of vitamin K in patients who
are not bleeding should be avoided, as it
will prolong the time to reach a thera-
peutic international normalized ratio
(INR) when vitamin K antagonists are
reinitiated.

FFP contains various amounts of clot-
ting factors, and small volumes (10 mL/
kg) will lower supratherapeutic doses,
and larger volumes (30–40 mL/kg) are
needed to normalize INR values (180).
Concerns with FFP include volume over-

load, time for thawing, and transfusion-
related immune reactions, including
acute lung injury and transference of
viruses.

PCC is primarily factor IX with
smaller amounts of factors II, VII, and X
(although some products do not contain
factor VII). In addition, some contain pro-
tein C and/or S. PCC is about 25 times
more concentrated than FFP, so the vol-
ume is substantially less (180). Further-
more, the time to administer PCC is
markedly lower than FFP, which can be
advantageous in select critically ill popu-
lations, such as those with traumatic
brain injury (98). The optimal dose of
PCC is not well established, but several
dosing strategies exist. These can be clas-
sified as either a fixed (25–50 �g/kg) or
an individualized (based on INR values
and desired level of correction) dosing
strategy.

There have been several small reports
in the literature utilizing rFVIIa for re-
versing the INR of vitamin K antagonists,
as well as treatment of severe bleeding.
Similar to PCC, rFVIIa has the advantage
of lower administration volumes and

Table 7. Protamine neutralization and total sul-
fate analysis of various low-molecular weight
heparin

LMWH

% Anti-Factor
Xa Activity
Neutralized

Total
Sulfate

(%) � SEM

Fraxiparine 57.7 34.7 � 0.7
Tinazeparin 85.7 39 � 0.1
Dalteparin 74 36.8 � 0.1
Clivarin 51.4 34.8 � 0.2
Enoxaparin 54.2 32.3 � 0.2
SSLMWH 100 41.9 � 1.1

LMWH, low-molecular weight heparin; SS-
LMWH, super sulphonated LMWH.

Data from reference 173.

Table 8. Recommendations for the management of elevated international normalized ratios or
bleeding in patients receiving vitamin K antagonists

Condition Intervention

INR more than therapeutic but
�5, no significant bleeding

Lower dose or omit dose, monitor more frequently and resume
at lower dose when INR therapeutic. If only minimally above
therapeutic range, no dose reduction may be required (grade
1C)

INR �5 but �9, no significant
bleeding

Omit next one or two doses, monitor more frequently, and
resume at an appropriately adjusted dose when INR in
therapeutic range. Alternatively, omit one dose and give
vitamin K 1–2.5 mg orally particularly if at increased risk of
bleeding (grade 1C). If more rapid reversal is required
because the patient requires urgent surgery, vitamin K (�5
mg orally) can be given with the expectation that a
reduction of the INR will occur in 24 hrs If the INR is still
high, additional vitamin K (1–2 mg orally) may be given
(grade 2C)

INR �9, no significant bleeding Hold warfarin therapy and give higher dose of vitamin K (2.5–
5 mg orally) with the expectation that the INR will be
reduced substantially in 24–48 hrs (grade 1B). Monitor more
frequently and use additional vitamin K if necessary. Resume
therapy at an appropriately adjusted dose when INR is
therapeutic

Serious bleeding at any
elevation of INR

Hold warfarin therapy and give vitamin K (10 mg by slow IV
infusion), supplemented with FFP, PCC, or rFVIIa,
depending on the urgency of the situation, vitamin K can be
repeated every 12 hrs (grade 1C)

Life-threatening bleeding Hold warfarin therapy and give FFP, PCC, or rFVIIa
supplemented with vitamin K (10 mg by slow IV infusion).
Repeat if necessary, depending on INR (grade 1C)

INR, international normalized ratio; FFP, fresh-frozen plasma; PCC, prothrombin complex con-
centrates; rFVIIa, recombinant factor VIIa; IVM, intravenous.

Data from reference 178.
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shorter time to INR normalization when
compared with FFP (181). Doses in re-
ports have varied widely, but given the
high expense of the product, it is prudent
to use the lowest effective dose. In a re-
port in 16 patients, Dager et al (182)
found that 16 �g/kg effectively reversed
the INR in 16 patients with bleeding on
warfarin and achieved a desirable hemo-
static effect in 14 patients. Thrombotic
events are possible with both PCC and
rFVIIa.

Thrombolytic agents

Thrombolytic agents convert plasmin-
ogen to plasmin, which then degrades
fibrin, eventually breaking down fibrin
clots. However, they also can break down
circulating fibrinogen, factor V, factor
VIII, and other proteins, and cause plate-
let dysfunction that can lead to bleeding
complications. Treatments of thrombo-
lytic-induced bleeding are outlined by
Sane et al (183) and involve replacement
of fibrinogen, clotting factors, and plate-
lets. Cryoprecipitate is the best source of
fibrinogen and may be given to maintain
a fibrinogen level of �1 g/L, followed by
FFP, if needed for additional replacement
of clotting factors. If bleeding time is �9,
platelet transfusions may also be consid-
ered. EACA and tranexamic acid are anti-
fibrinolytic drugs that work by inhibiting
the binding of plasmin to active sites, and
may be considered if bleeding continues,
despite cryoprecipitate and FFP. How-
ever, these may cause thrombotic com-
plications, including reocclusion of the
artery for which the thrombolytic was
being administered. When intracerebral
hemorrhage occurs after thrombolytics,
the American Stroke Association Guide-
lines (79) recommended infusion of
platelets (6–8 units) and cryoprecipitate
to rapidly correct the thrombolytic state.
Guidelines for surgical treatment of
thrombolytic-induced intracerebral hem-
orrhage are the same as those followed
for spontaneous intracerebral hemor-
rhage but should be initiated after a suf-
ficient infusion of platelets and cryopre-
cipitate has stabilized the bleeding.

Conclusion

In conclusion, ADEs related to disor-
ders of coagulation remain a serious con-
cern among ICU practitioners. Clinicians
must carefully evaluate both the expected
occurrence of an ADE along with the
potential consequences that could arise

with their occurrence. Risk/benefit ratios,
therefore, will likely vary for a particular
therapy and must be considered on a
case-by-case basis. Although agents do
exist for the treatment of coagulation-
related ADEs (e.g., reversal of anticoagu-
lation in the setting of bleeding), the risk
for overcorrection does exist, which
could lead to further complications. Fur-
ther randomized clinical trials are wel-
comed in this area.
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