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SYSTEMIC ACTIVATION OF THE CO-
agulation system is frequently
observed in patients with severe
sepsis and/or septic shock.1,2 En-

dogenous anticoagulants and the fibri-
nolytic system are activated and func-
tion to regulate intravascular coagula-
tion induced by the septic process. As
thecoagulationprocesscontinues, these
clotting inhibitors are consumed,3-6 and
fibrinolysis is rapidly inhibited by the
production of plasminogen activator
inhibitor-1.2-4 A procoagulant state de-
velops inpatientswithsepsis,whichhas
deleterious pathophysiological effects.
The generation of diffuse thrombus for-
mation throughout microcirculation
compromises tissue perfusion to criti-
cal organs.1-4,7

The notion that the uncontrolled ac-
tivation of the coagulation system dur-
ing sepsis contributes to the high mor-
tality associated with septic shock has
been speculated on for many years.2,8-11

Antithrombin III is a hepatically syn-
thesized, 58-kd plasma glycoprotein,
which acts as a serine protease inhibi-
tor affecting multiple components of the
intrinsic, extrinsic, and common co-
agulation pathways.2,12-16 Recent ex-
perimental evidence in several animal
studies indicates that supraphysiologi-

cal doses of antithrombin III possess
substantial anti-inflammatory activity
in addition to anticoagulant func-
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Context Activation of the coagulation system and depletion of endogenous antico-
agulants are frequently found in patients with severe sepsis and septic shock. Diffuse
microthrombus formation may induce organ dysfunction and lead to excess mortality
in septic shock. Antithrombin III may provide protection from multiorgan failure and
improve survival in severely ill patients.

Objective To determine if high-dose antithrombin III (administered within 6 hours of
onset) would provide a survival advantage in patients with severe sepsis and septic shock.

Design and Setting Double-blind, placebo-controlled, multicenter phase 3 clinical
trial in patients with severe sepsis (the KyberSept Trial) was conducted from March
1997 through January 2000.

Patients A total of 2314 adult patients were randomized into 2 equal groups of 1157
to receive either intravenous antithrombin III (30000 IU in total over 4 days) or a pla-
cebo (1% human albumin).

Main Outcome Measure All-cause mortality 28 days after initiation of study medi-
cation.

Results Overall mortality at 28 days in the antithrombin III treatment group was 38.9%
vs 38.7% in the placebo group (P=.94). Secondary end points, including mortality at
56 and 90 days and survival time in the intensive care unit, did not differ between the
antithrombin III and placebo groups. In the subgroup of patients who did not receive
concomitant heparin during the 4-day treatment phase (n=698), the 28-day mortality
was nonsignificantly lower in the antithrombin III group (37.8%) than in the placebo
group (43.6%) (P=.08). This trend became significant after 90 days (n=686; 44.9%
for antithrombin III group vs 52.5% for placebo group; P=.03). In patients receiving
antithrombin III and concomitant heparin, a significantly increased bleeding incidence
was observed (23.8% for antithrombin III group vs 13.5% for placebo group; P�.001).

Conclusions High-dose antithrombin III therapy had no effect on 28-day all-cause
mortality in adult patients with severe sepsis and septic shock when administered within
6 hours after the onset. High-dose antithrombin III was associated with an increased
risk of hemorrhage when administered with heparin. There was some evidence to sug-
gest a treatment benefit of antithrombin III in the subgroup of patients not receiving
concomitant heparin.
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tions.17 Antithrombin III binds to se-
lected forms of glycosaminoglycans
found on endothelial membranes re-
sulting in an increase in prostacyclin
synthesis. This limits interactions be-
tween endothelial cells and neutro-
phil, reduces platelet aggregation, and
decreases proinflammatory cytokine
production. This effect is abolished by
heparin intake.17-21

Therapeuticdosesofheparin22 oranti-
thrombin III23 have been used clinically
for more than 20 years for the preven-
tionandtreatmentofdisseminated intra-
vascular coagulation and sepsis. Anti-
thrombinIII levelsdecreaseprecipitously
in the early phases of severe sepsis,3,5,24

and rapid depletion of antithrombin III
in septic shock portends an unfavorable
prognosis.24 Numerous experimental
studies in animals25-27 and phase 2, pla-
cebo-controlled therapeutic trialsofanti-
thrombin III in patients with severe sep-
sis28-31 have been conducted. Some of
these trialshavebeenanalyzed inarecent
meta-analysis.31 The results suggested
that antithrombin III may provide sig-
nificant protection from multiorgan fail-
ure and a survival benefit in the most
severely ill patients with severe sepsis
and/or septic shock.

This phase 3 international trial of se-
vere sepsis (the KyberSept Trial) was
undertaken to determine the clinical ef-
ficacy of antithrombin III and the level
of protection afforded by this endoge-
nous human anticoagulant.

METHODS
The study was a randomized, double-
blind, placebo-controlled trial, with 211
contributing centers in 19 countries
worldwide. Randomization to the ac-
tive study drug antithrombin III and a
placebo group was 1:1.

An independent data safety and
monitoring board oversaw risks and
benefits during 2 formal interim analy-
ses; in addition, safety assessments
(with a focus on bleeding events) were
performed at more frequent intervals.

Patient Characteristics
Adult hospitalized men and women
(�18 years) were admitted to the study

if they gave informed consent and met
the following criteria within a 6-hour
period: clinical evidence of sepsis with
a suspected source of infection, body
temperature (rectal or core) higher than
38.5°C or lower than 35.5°C, and leu-
kocyte count higher than 10�103/µL
or lower than 3.5�103/µL. Addition-
ally, 3 of the following 6 signs had to
be met within the same 6-hour pe-
riod: tachycardia (heart rate �100/
min); tachypnea (�24/min) or me-
chanical ventilation because of septic
indication; hypotension with systolic
blood pressure lower than 90 mm Hg
despite sufficient fluid replacement
or the need of vasoactive agents to
maintain systolic blood pressure of
90 mm Hg or greater; thrombocytope-
nia with platelet counts of less than
100�103/µL; elevated lactate levels
(above upper limit of normal range) or
metabolic acidosis (pH �7.3 or base ex-
cess � −10 mmol/L) not secondary to
respiratory alkalosis; oliguria with urine
output of less than 20 mL per hour de-
spite sufficient fluid replacement.

Patientspresentingwithanyof the fol-
lowing criteria were not to be included
intothestudy:advanceddirectivetowith-
hold life-sustaining treatment (except
cardiopulmonary resuscitation); condi-
tion other than sepsis anticipated to be
fatalwithin28days;pregnancyorbreast-
feeding; history of hypersensitivity to
study medication; treatment with other
investigational drugs within the last 30
days; treatment with an antithrombin III
concentrate within the last 48 hours;
treatment with heparin (except subcu-
taneous lowdoseor intravenous[IV] line
flushing) or coumarin derivatives; non-
steroidal anti-inflammatory drug treat-
ment within previous 2 days; known
bleedingdisorderorongoingmassivesur-
gical bleeding; platelet count of less than
30�103/µL; immunocompromised sta-
tus; acute myocardial infarction (within
previous 7 days); third-degree burns
(�20% of total body area); incurable
malignancy with documented metasta-
ses and life-expectancy of less than 3
months; hematologic neoplasia during
cytostatic treatment; bone marrow apla-
sia; preexisting dialysis-dependent renal

failure; end-stage liver disease; trans-
plantation (postoperative state); his-
tory of stroke within the last year; severe
cranial or spinal trauma within the last
year; planned cranial or spinal surgery
(except nontraumatic lumbar punc-
ture) within the next 48 hours.

Study Medication
Patients were randomly assigned to re-
ceive 30 000 IU antithrombin III
(Aventis Behring, Marburg, Ger-
many) with a loading dose of 6000 IU
(given over 30 minutes), followed by
a continuous IV infusion of 6000 IU per
day for 4 days, or an equivalent vol-
ume of placebo solution (1% of hu-
man albumin).

Randomization plans had been pre-
pared in advance with a block size of 4
patients. When a patient qualified for en-
rollment, investigators called the ran-
domization center (available on a 24-
hour basis) and were told the medication
package number to be used. Packages for
individual patients consisted of vials and
labels identical in appearance for anti-
thrombin III and placebo.

Unfractionated or low molecular
weight heparin for venous thrombosis
prophylaxis (�10000 IU subcutane-
ous per day), and heparin flushes for
vascular catheter patency (IV of �2 IU
per kilogram of body weight per hour)
were allowed.

Study Variables
The primary efficacy outcome was de-
fined as 28-day all-cause mortality in the
primary efficacy population, consisting
of all patients randomized who had re-
ceived any portion of study drugs and
whose survival status after 28 days was
known. Secondary efficacy criteria were
survival time, length of intensive care
unit stay, and occurrence of new organ
dysfunction (according to Logistic Or-
gan Dysfunction score32) within 7 days.
The severity of sepsis was assessed via the
Simplified Acute Physiology Score ver-
sion II33 (SAPS II). Circulatory shock was
assumed if the shock index (ie, the ra-
tio of heart rate [beats per minute] and
systolic blood pressure [millimeters of
mercury]) exceeded the value of 1.5. Sur-
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gical interventions and bleeding events
were recorded for 28 days. Bleeding was
classified as major if it was intracranial
or required a transfusion of at least 3
units of blood. Other serious adverse
events were recorded for 14 days. Anti-
thrombin III plasma concentrations
(functional) at baseline and after 24
hours were assessed by a central labora-
tory (Medinet, Breda, the Netherlands).
Theactivatedpartial thromboplastin time
and prothrombin time values were as-
sessed at baseline and 3 times daily for
days 1 through 5 and on day 7.

Subpopulations of special interest, as
mentioned in theprotocol for secondary
analyses,werepatients treatedaccording
toprotocol, severityof sepsis (moderate,
high, or very high risk), patients with
baseline antithrombin III below 60%,
and use of concomitant heparin.

Statistical Methods
The initial sample size of 2000 pa-
tients was based on an assumed pla-
cebo mortality of 45%, a relative risk
reduction of 15% with antithrombin III
(toward a mortality of 38%, which was
considered a clinically relevant differ-
ence), and a power of 85%, as derived
from the Casagrande formula.37 A re-
assessment of sample size38 was fore-
seen in the study protocol after enroll-
ment of 500 patients, to maintain power
above 85%, and resulted in the final tar-
get sample size of 2300 patients.

Thedifference in28-dayall-causemor-
tality between antithrombin III and pla-
cebo treatment for the primary efficacy
population was assessed by a stratified
Mantel-Haenszel testwithcontinuitycor-
rection34 accepting an adjusted overall
2-sided type Ierrorof5%(�=.05).Three
strata were defined in a protocol amend-
ment according to predicted mortality35

from baseline SAPS II (moderate risk,
�30%; high risk, 30%-60%; very high
risk, �60%). Two interim analyses took
placeafterrecruitmentof33%(�=.0005)
and 67% (� =.014) of the target sample
size; the nominal � level for the final
analysis was .045, corresponding to the
O’Brien/Fleming scheme.36

The comparability of patients at base-
line was assessed by clinical and labo-

ratory parameters. The 28-day mortal-
ity and adverse outcomes (eg, bleeding)
were also expressed as relative risks
of antithrombin III vs placebo treat-
ment, together with asymptotic 95%
confidence intervals.34 A per protocol
population (FIGURE 1) and various sub-
groups of the primary efficacy popula-
tion were also defined. These included
baseline antithrombin III levels, micro-
bial type of infection, heparin expo-
sure, sex, age, SAPS II stratum, ethnic
group (a priori-defined subgroups),
shock at baseline, and surgical status
(defined post-hoc). A multifactorial
logistic regression analysis was per-
formed to test simultaneously sets of
predefined possible prognostic vari-
ables for their impact on the 28-day sur-
vival status; depending on their addi-
tional contribution to prognosis of
survival, the variables were entered into
(P�.10) or removed from the model by
a forward selection technique39; within
this analysis all subgroup variables were
tested for an interaction with the treat-
ment group. The predefined subgroup
of patients who received or did not

receive heparin was made slightly more
precise during analysis so that “no con-
comitant heparin” was taken as “no
overlap of heparin and study medica-
tion during day 1-4.” Any further analy-
ses and subpopulations (eg, elderly
patients, male or female patients, or
patients with shock at baseline), includ-
ing length of intensive care unit stay
(Kaplan-Meier curves) were of descrip-
tive and exploratory nature.

RESULTS
Characteristics of
the Study Population

Details of study conduct, randomiza-
tion, and resulting populations are given
in Figure 1. The primary efficacy popu-
lation consisted of 2314 adult patients
randomly assigned in equal numbers of
1157 to the antithrombin III treat-
ment group and to the placebo group.
Patients were well matched at study en-
try for age, sex, SAPS II score, body
weight, and race (TABLE 1). The most
common underlying diseases in pa-
tients were the respiratory system
(35%), followed by intra-abdominal in-

Figure 1. Trial Profile

2339 Randomized

2341 Eligible Patients Screened

2 Excluded

1157 Included in Primary Efficacy Analysis
896 Included in per Protocol Analysis

1157 Included in Primary Efficacy Analysis
870 Included in per Protocol Analysis

1166 Assigned to Receive Placebo 1173 Assigned to Receive Antithrombin III

9 Withdrawals
8 Did Not Receive Study Medication
1 Withdrew Consent

16 Withdrawals
13 Did Not Receive Study Medication

2 28-Day Status Unknown
1 Withdrew Consent

261 Protocol Violation∗

82 Completed <90% of Study Treatment

100 Violation of Inclusion and/or Exclusion Criteria
2 Randomization Error
3 Treatment Code Broken
2 Mixed Study Medication‡

28 Antithrombin Ill Measurement up to Day 7

115 Received Prohibited Concomitant Medication†

287 Protocol Violation∗

91 Completed <90% of Study Treatment

105 Violation of Inclusion and/or Exclusion Criteria
11 Randomization Error
3 Treatment Code Broken

35 Antithrombin Ill Measurement up to Day 7

100 Received Prohibited Concomitant Medication†

Asterisk indicates a patient may have more than 1 protocol violation; dagger, high-dose nonsteroidal anti-
inflammatory drug, high-dose heparin, coumarin, or additional antithrombin III; double dagger, placebo vials
were accidentally switched with antithrombin III vials during 96-hour treatment phase.
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fections (28%), genitourinary tract in-
fections (8%), and miscellaneous sites
of infection (31%). A total of 810 pa-
tients (35%) had positive blood cul-
tures at the time of study enrollment.
These were gram-positive bacterial
pathogens in 45% of positive blood iso-
lates; gram-negative pathogens in 46%;
fungal pathogens in 4%; and polymi-
crobal, parasites, or viruses in 5% of
positive blood cultures. The antithrom-
bin III and placebo groups were well
matched with respect to source of in-

fection, frequency of bacteremia, and
type of infecting microorganism(s).

Antithrombin III Levels
in Treatment Groups
Baseline antithrombin III levels were be-
low 60% of normal functional levels in
more than 50% of patients random-
ized to either the antithrombin III or
the placebo group. These levels were
unchanged after 24 hours of treat-
ment in those patients in the placebo
group. In contrast, the patients ran-
domized to the antithrombin III group
had their mean antithrombin III levels
elevated by 115% on average to ap-
proximately 180% of normal circulat-
ing blood levels (FIGURE 2).

Efficacy of Antithrombin III
in the Study Population
The SAPS II score—originally created as
a predictor for hospital mortality—was
a strong predictor of outcome yet over-
estimatedobserved28-dayall-causemor-
tality in each risk stratum (TABLE 2). The

antithrombin III group’s mortality rate
did not significantly differ from the pla-
cebo group in any SAPS II risk stratum
or in the overall study population (38.9%
for antithrombin III group vs 38.7% for
placebo group; P=.94). The Kaplan-
Meier plot of survival function over the
90-day study period is given for both the
antithrombin III group and placebo
group in FIGURE 3. No significant dif-
ferences were observed between the 2
treatment groups at any period over the
course of the study. However, a trend to-
ward a reduction in 90-day mortality in
the antithrombin III group was seen in
the high-risk SAPS II stratum (pre-
dicted mortality 30%-60%; P=.07 with
Fisher exact test). An analysis of pre-
specified subgroups and the relative sur-
vival benefit between the antithrombin
III and placebo groups after 28 days from
study entry (with corresponding 95%
confidence intervals) is depicted in
FIGURE 4A. No subgroup outcome dif-
fered significantly between antithrom-
bin III treatment and placebo (P�.05).
A comparison between treatment groups
of incidence of new organ dysfunction
as described in the Logistic Organ Dys-
function score is presented in TABLE 3.
New cardiovascular dysfunction within
7 days of study entry was significantly
more likely to occur in the antithrom-
bin III group than in the placebo group
in the primary efficacy population. One
possible explanation for this finding is
an association with bleeding events:
24.7% of patients with new cardiovas-
cular dysfunction had a hemorrhage
(34.5% for antithrombin III and 11.9%
for placebo) compared with 11.3% of pa-
tients without this dysfunction (14.9%
for antithrombin III and 8.1% for pla-
cebo); and most patients with new car-
diovascular dysfunction had hypoten-
sion (18.8% for antithrombin III and
13.2% for placebo) or tachycardia (10.8%
for antithrombin III and 9.0% for
placebo).

This difference favoring the placebo
group is no longer significant when the
patient population without protocol
violations and with full study drug ad-
ministration is analyzed (per protocol
population). In the per protocol popu-

Figure 2. Antithrombin III Activity Levels
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Table 1. Patient Characteristics of Primary Efficacy Population*

Placebo
(n = 1157)

Antithrombin III
(n = 1157)

Age, mean (SD), y 58 (17) 57 (17)

Men 61 62

Simplified Acute Physiology Score version II, mean (SD) 49 (16) 49 (17)

Body weight, mean (SD), kg 77 (20) 77 (19)

Race
White 83 85

Black 8 7

Other 9 9

Underlying problem or site of infection†
Respiratory system 34 35

Intra-abdominal infection 28 27

Genitourinary system 8 6

Injury 6 7

Other 24 24

Blood culture results
Gram-negative 16 15

Gram-positive 17 15

Other/mixed 2 4

Not done/not verified 64 66

Surgical status
No 53 54

Yes 47 46

Baseline antithrombin III �60% 55 52

Circulatory shock‡ 47 49

*Values are expressed as percentages unless otherwise indicated.
†International Classification of Diseases, Ninth Revision.
‡See “Methods” section for definition.
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lation there is also a trend toward less
severe renal and pulmonary dysfunc-
tion in the antithrombin III group com-
pared with the placebo group. Among
survivors, time spent in the intensive
care unit did not differ between treat-
ment groups at any point (FIGURE 5).

Heparin Interactions
With Antithrombin III
Among the predefined subgroups, an
important treatment interaction
between antithrombin III and heparin
use was noted. Patients who received
any heparin (n=1616) at any time dur-

ing the initial 4-day administration of
the study drug did not respond to anti-
thrombin III as favorably as patients
who did not receive heparin. This treat-
ment interaction was observed even
when relatively low doses of unfrac-
tionated or low molecular weight
heparin were given for venous throm-
bosis prophylaxis (�10000 IU subcu-
taneous per day), and also with hepa-
rin flushes for vascular catheter patency
(IV of �2 IU per kilogram of body
weight per hour). Therapeutic doses of
heparin at levels intended to provide
systemicanticoagulation(�10000units

per day) were not permitted during
study drug infusion. A total of 698
patients received no concomitant hep-
arin in the first 4 days of study entry
(30% of the pr imary e f f i cacy
population). The 28-day mortality in
patients who did not receive concomi-
tant heparin was 37.8% of the anti-
thrombin III groupand43.6%of thepla-
cebo group (P=.08); for patients who
received concomitant heparin, the cor-
responding figures were 39.4% and
36.6%. Statistical evidence for the inter-
action between antithrombin III and
heparin was provided from the mul-
tiple logistic regressionanalysis inwhich
heparin exposure was the only vari-
able with a significant (P=.02) inter-
action effect. Antithrombin III levels at
baseline, although strongly predictive
for 28-day mortality, did not interfere
with the main treatment effect of anti-
thrombin III vs placebo. The 90-day

Figure 3. Survival Rates for 90 Days
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Table 2. 28-Day Mortality Overall and in Subpopulations*

Population
No. of

Patients

28-Day Mortality, %

RR (95% CI)Placebo Antithrombin III

Primary efficacy 2314 38.7 38.9 1.01 (0.91-1.11)†

Per protocol 1766 36.8 37.1 1.01 (0.90-1.14)†

Sex
Male 1414 36.6 38.9 1.06 (0.93-1.22)

Female 900 42.0 38.9 0.93 (0.79-1.09)

Age, y
�65 912 46.4 49.3 1.06 (0.93-1.22)

�65 1402 33.5 32.3 0.97 (0.83-1.12)

Baseline antithrombin III, %
�60 1171 47.5 46.2 0.97 (0.86-1.10)

�60 1023 28.5 29.1 1.02 (0.84-1.24)

Shock at baseline
No 1191 34.8 34.2 0.98 (0.84-1.15)

Yes 1118 43.2 43.5 1.01 (0.88-1.15)

Simplified Acute Physiology
Score version II stratum‡

Moderate risk (�30%) 652 19.2 21.9 1.14 (0.88-1.54)

High risk (30%-60%) 1008 40.7 36.9 0.91 (0.78-1.06)

Very high risk (�60%) 654 54.8 58.9 1.07 (0.94-1.23)

Surgical status
No 1246 38.8 36.8 0.95 (0.82-1.09)

Yes 1068 38.6 41.4 1.07 (0.93-1.24)

Microbial type
Gram-negative 362 35.3 37.6 1.07 (0.81-1.40)

Gram-positive 375 41.8 37.9 0.91 (0.71-1.17)

Other/mixed 73 46.2 38.3 0.83 (0.47-1.46)

Not done/not verified 1504 38.5 39.4 1.03 (0.90-1.16)

Race
White 1941 37.1 37.7 1.02 (0.91-1.14)

Black 175 45.1 54.8 1.22 (0.90-1.64)

Other 198 48.1 37.2 0.77 (0.56-1.07)

Concomitant heparin
administration§

No heparin 698 43.6 37.8 0.86 (0.73-1.02)

Heparin (within or
above limits)

1616 36.6 39.4 1.08 (0.96-1.22)

*RR indicates risk ratio; CI, confidence interval.
†Values are stratified.
‡Risk to die according to LeGall et al.35

§During 4-day study treatment.
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Kaplan-Meier plot of patients who did
not receive concomitant heparin treat-
ment and who were randomized to
either antithrombin III (n=352) or pla-
cebo (n=346) is presented in Figure 3B.

Antithrombin III resulted in a 15%
absolute improvement in 90-day mor-
tality in this subgroup of patients
(n=680; 44.9% for antithrombin III
group vs 52.5% for placebo group;
P = .03). An analysis of other sub-
groups within the population of pa-
tients who received no concomitant
heparin administration is shown in Fig-
ure 4B. This analysis demonstrates that
the antithrombin III treatment effect is
in the same direction consistently for
almost all subgroups.

Safety Analysis of High-Dose
Antithrombin III Treatment
The total percentage of patients with ad-
verse events and serious adverse events
was high (46%) as expected in this criti-
cally ill population of intensive care unit
patients with severe sepsis and septic
shock. Except for bleeding events, these
adverse events did not differ signifi-
cantly in type or overall frequency be-
tween the 2 treatment groups. The he-
moglobin concentrations, activated
partial thromboplastin time, prothrom-
bin time, and fibrinogen concentra-
tions were not significantly different be-
tween the antithrombin III group or
placebo group during the first 7 days
of the study (data not shown).

The overall incidence of bleeding
complications was significantly more
common in the high-dose antithrom-
bin III treatment group (255 events
[22.0%]) than in the placebo group
(148 events [12.8%]) (P�.001). This
difference was most marked in those pa-
tients who received concomitant hep-
arin therapy either in low doses al-
lowed in the protocol or in large
therapeutic doses (ie, as deviations from
protocol) (TABLE 4). Intracranial bleed-
ing was rare with 5 (0.4%) events in the
placebo group and 8 (0.7%) events in
the antithrombin III group (P=.58).
Bleeding events were more common in
both the antithrombin III and placebo
groups in patients undergoing sur-

Figure 4. Mortality Rates for 28 and 90 Days
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gery during the first 7 days of the study
than in medical patients. However, the
relative risk of bleeding between treat-
ment groups did not increase in surgi-
cal patients (data not shown). Hemor-
rhagic episodes were not related to
higher antithrombin III levels in the an-
tithrombin III treatment group. Anti-
thrombin III activities were compa-
rable in patients with bleeding episodes
and those without bleeding complica-
tions (FIGURE 6). Among patients with
bleeding incidents, 28-day mortality
was 50.7% in the placebo group and
51.4% in the antithrombin III group.
For the majority of nonbleeding pa-
tients, the corresponding figures were
36.9% in the placebo group and 35.4%
in the antithrombin III group.

COMMENT
Theresultsof theKyberSeptTrialofhigh-
doseantithrombinIII treatment insevere
sepsis joins a long list of promising
experimental agents for sepsis that failed
to show a significant benefit in a multi-
center, randomizedphase3clinical trial.40

Theresultsof this large international trial
are particularly disappointing since anti-
thrombin III has extensive preclini-
cal20,21,25-27 and prospective phase 2 clini-
cal evidence of efficacy in sepsis.10,28-31

Despite a compelling series of con-
trolled and uncontrolled clinical trials
with antithrombin III in human sepsis
(performedwithvariousdosagesanddif-
ferentheparinizationregimens),10 theuse
of antithrombin III in high doses in this
large, carefully conducted multicenter
clinical trial failed to achieve efficacy in
the primary study end point of 28-day,
all-cause mortality.

The lower than expected frequency of
reduced levels of circulating antithrom-
binIII at studyentrymayhaveaccounted
for the less than expected therapeutic
benefits of high-dose administration of
antithrombin III. The levels of anti-
thrombin III attained in the blood after
24 hours in recipients of antithrombin
III was also lower than expected as well.
It was hypothesized that a blood level
of approximately 200% to 250% of nor-
mal levels would be necessary to derive
maximum benefits of antithrombin III

in the severely septic population.41,42 In
a previously conducted pharmacoki-
netic trial with antithrombin III in
patientswithsevere sepsis, thesamedos-
age regimen of antithrombin III was
administered and mean antithrombin III
plasma levels of about 200% were
achieved over 4 days of treatment.43 In
the phase 3 trial, mean measured levels
of antithrombin III 24 hours after the
start of treatment were approximately
180% of normal. Antithrombin III lev-
els decrease rapidly in sepsis as a result
of lowered hepatic synthesis, enhanced
use, and increased degradation by elas-
tase from activated neutrophils.41 The
continuous infusion of antithrombin III
in this study may have been insuffi-
cient tokeepupwithexcess loss inmany
of these severely septic patients.

Additionally, antithrombin III must
bind to glycosaminoglycans on endo-
thelial surfaces and/or to inflamma-
tory cells like polymorphonuclear leu-
kocytes to promote local anticoagulant
activity and anti-inflammatory activi-
ties as a number of recent in vitro and
in vivo experiments showed.44,45 It has
been demonstrated that heparin com-
petitively inhibits the binding of anti-
thrombin III to other glycosaminogly-
cans.41 This finding is consistent with
the observation that the subgroup with-
out heparin benefits from the high-
dose antithrombin III therapy. An ar-

bitrary level of antithrombin III was
given (total of 30000 IU) to each pa-
tient randomized to the antithrombin
III group and it is unclear if this pro-
vided optimal antithrombin III levels in
each patient with sepsis.

An independent data and safety
monitoring board analyzed the fre-
quency of hemorrhagic events through-
out the study.While itwasobserved that
the bleeding episodes were more com-
mon in the antithrombin III group, the
absence of excess deaths attributable to
hemorrhage between the 2 treatment
groups and the lack of fulfillment of the
priori stopping rules allowed the study
to continue to completion. Excess of

Figure 5. Intensive Care Unit Discharge
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The placebo group had 496 patients censored and the
antithrombin III group had 488 censored.

Table 3. Incidence of New Organ Dysfunction According to Limit of Detection Within 7 Days
After Admission by Treatment Groups, Primary Efficacy Population

Body System
of Dysfunction

No. of
Patients*

Incidence of New Organ
Dysfunction, No. (%) Relative Risk

(95% Confidence
Interval)†Placebo Antithrombin III

Neurologic (Glasgow Coma
scale score �14)

1013 94 (9.3) 67 (6.8) 0.75 (0.49-1.15)

Cardiovascular‡ 751 167 (22.2) 222 (29.6) 1.33 (1.04-1.70)

Renal§ 413 164 (39.6) 155 (37.6) 0.94 (0.74-1.20)

Pulmonary� 361 96 (26.6) 81 (22.5) 0.84 (0.58-1.21)

Hematologic¶ 1992 227 (11.4) 205 (10.3) 0.92 (0.71-1.18)

Hepatic# 1805 312 (17.3) 325 (18.0) 1.04 (0.86-1.27)

*Only patients without the dysfunction on admission.
†Overall stratified estimate and 2-sided 95% confidence interval according to Mantel-Haenszel.
‡Heart rate of less than 30/min or greater than 139/min or systolic blood pressure of less than 90 mm Hg or greater

than 239 mm Hg.
§Serum urea of 0.36 g/L (6 mmol/L) or higher; blood urea nitrogen level of 17 mg/dL (6 mmol/L) or higher; serum cre-

atinine of 1.2 mg/dL (106 mmol/L) or higher; or urine output of less than 0.75 L/d or 10 L/d or higher.
�Mechanically ventilated, under continuous positive airway pressure or under inspiratory postive airway pressure.
¶White blood cell count of less than 2.5 � 103/µL or 50 � 103/µL or platelet count of less than 50 � 103/µL.
#Bilirubin level of 2.0 mg/dL (34.2 µmol/L) or higher or prothrombin time of less than 25% (Quick test) or greater than

3 multiplied by prothrombin time of standard plasma (seconds) or prothrombin time (international normalized ratio) of
greater than 3 on the International Sensitivity Index.
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major bleeding had not been observed
in previously conducted controlled
phase 2 studies with high-dose anti-
thrombin III.28,43

Conclusion
The results of this study indicate that
high-dose administration of antithrom-
bin III in combination with heparin in
this setting of a severely septic patient
population offers no mortality advan-
tage over standard care for sepsis. How-
ever, in the predefined subgroup of pa-
tients not receiving concomitant heparin,
there is a trend toward reduced 28-day
and 90-day mortality with antithrom-
bin III, based on the following, gener-
ally acceptedcriteria: subgroupswere few
in number, defined a priori, and the hep-

arin interaction has a biological ratio-
nale (antithrombin III is a cofactor of
heparin). The possible survival benefit
of antithrombin III in this specific sub-
group of patients with severe sepsis may
be worthy of further investigation.

However, hemorrhagic complica-
tions were more likely even when low
doses of heparin were administered in
this patient population in combina-
tion with high-dose antithrombin III.
This clinically important safety con-
cern must be considered when using
high-dose antithrombin concentrates.
Furthermore, the effect of selectively
applied heparin on 28-day mortality
cannot be reliably interpreted since hep-
arin was not a randomized study fac-
tor. With regard to safety, the treat-

ment interaction with heparin was
expected but the magnitude of adverse
events attributable to interactions
between heparin and antithrombin III
was not expected. During 2 interim
analyses, the risk benefit assessment of
the data safety and monitoring board
did not lead to recommendations for the
further conduct of the study.

It is notable that potential differ-
ences in outcome were most apparent
after long-term follow-up (90 days af-
ter study entry). This finding suggests
that prolonged follow-up may be worth-
while in future sepsis studies rather than
the standard mortality end point of 28
days after study entry. Another phase 3
sepsis trial with a similar anticoagulant
strategy (recombinant human acti-
vated protein C) resulted in a statisti-
cally significant survival benefit.46 The
explanation(s) for the disparity in out-
come between antithrombin III and re-
combinant human activated protein C
trials are not entirely clear at this time
but may relate to trial design issues, dos-
ing, differences in anti-inflammatory
properties, and differential effects of con-
comitant heparin administration. This
topic will be the focus of a separate ar-
ticle with a detailed analysis of similari-
ties and differences between antithrom-
bin III and recombinant human activated
protein C and the design of these 2 clini-
cal trials.
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Figure 6. Antithrombin III Levels According to Bleeding Status for 24-Hours
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Table 4. Bleeding Events

Outcome Placebo, % Antithrombin III, %
Relative Risk

(95% Confidence Interval)

Overall

(n = 1155) (n = 1161)

Any bleeding 12.8 22.0 1.71 (1.42-2.06)

Major bleeding 5.7 10.0 1.75 (1.31-2.33)

Minor bleeding 7.8 14.3 1.83 (1.45-2.33)

Without Concomitant Heparin

(n = 345) (n = 354)

Any bleeding 11.3 17.8 1.58 (1.10-2.28)

Major bleeding 4.6 7.9 1.71 (0.95-3.07)

Minor bleeding 7.0 12.7 1.83 (1.15-2.91)

With Concomitant Heparin

(n = 810) (n = 807)

Any bleeding 13.5 23.8 1.77 (1.43-2.18)

Major bleeding 6.2 10.9 1.77 (1.27-2.45)

Minor bleeding 8.2 15.0 1.84 (1.39-2.43)
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Klinikums der Stadt Gera; Greifswald: M. Gründling,
Ernst-Moritz-Arndt-Universität; Jena: K. Reinhart, Klinik
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