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Antithrombin Ill in critically ill patients: systematic review
with meta-analysis and trial sequential analysis

Arash Afshari," Jarn Wetterslev,? Jesper Brok,? Ann Mgller®

ABSTRACT

Objective To evaluate the benefits and harms of
antithrombin Il in critically ill patients.

Design Systematic review and meta-analysis of
randomised trials.

Data sources CENTRAL, Medline, Embase, International
Web of Science, LILACS, the Chinese Biomedical Literature
Database, and CINHAL (to November 2006); hand search
of reference lists, contact with authors and experts, and
search of registers of ongoing trials.

Review methodsTwo reviewers independently selected
parallel group randomised clinical trials comparing
antithrombin with placebo or no intervention and
extracted data related to study methods, interventions,
outcomes, bias risk, and adverse events. Disagreements
were resolved by discussion. Trials in any type of critically
ill patients in intensive care were eligible. All trials,
irrespective of blinding or language status, that compared
any antithrombin Ill regimen with no intervention or
placebo were included. Trials were considered to be at
low risk of bias if they had adequate randomisation
procedure, blinding, and used intention to treat analysis.
Risk ratios with 95% confidence intervals were estimated
with fixed and random effects models according to
heterogeneity.

Main outcome measures Mortality, length of stay in
intensive care orhospital, quality of life, severity of sepsis,
respiratory failure, duration of mechanical ventilation,
incidence of surgical intervention, intervention effect
among various populations and adverse events (such as
bleeding).

Results 20 trials randomly assigning 3458 patients met
inclusion criteria. Eight trials had low risk of bias.
Compared with placebo or no intervention, antithrombin
Il did not reduce overall mortality (relative risk 0.96, 95%
confidence interval 0.89 to 1.03). No subgroup analyses
on risk of bias, populations of patients, or with and
without adjuvant heparin yielded significant results.
Antithrombin Ill increased the risk of bleeding events
(1.52,1.30t0 1.78). Heterogeneity was observed in only a
few analyses.

Conclusion Antithrombin Ill cannot be recommended for
critically ill patients based on the available evidence.

INTRODUCTION

Antithrombin III is a potent anticoagulant with anti-
inflammatory properties. It is thought to have an
inhibitory effect on the proinflammatory and procoa-
gulant processes.'”> The blood concentration of anti-
thrombin III falls by 20-40% in critically ill (septic)
patients and correlates with severity of disease.'®
Hence, theoretically replenishing concentrations

might benefit critically ill patients. Furthermore, its
interaction with heparin, which is a standard treatment
for patients with disseminated intravascular coagula-
tion, seems important.*'

Four small meta-analyses assessed the use of anti-
thrombin Il in critically ill patients.****** A Cochrane
systematic review with two randomised controlled
trials assessed use of antithrombin III for respiratory
distress syndrome in preterm infants.” These meta-
analyses had selected populations. All found non-
significant effects on mortality, with wide confidence
intervals (that is, “absence of evidence”).

Information from the Danish Medicinal Agency
suggests that the extrapolated annual costs of anti-
thrombin III in the US and the European Union are
around £70m (€100m, $145m). The clinical benefit of
supplementation in critically ill patients, however, is
still controversial and its efficacy debated.

METHODS

Study selection

We searched the Cochrane central register of
controlled trials (CENTRAL), Medline (1950 to
November 2006), Embase (1980 to November 2006),
International Web of Science (1945 to November
2006), LILACS (1984 to March 2005), the Chinese
Biomedical Literature Database (to March 2005),
and CINHAL (1982 to March 2005). We used
the search terms: antithrombin, antithrombin-3, sepsis,
and critically ill. We searched for ongoing clinical trials
and unpublished trials on http://controlled-trials.com,
http://clinicaltrials.gov, and http://centerwatch.com
up to March 2005. See bmj.com for full details.

Trials were included only if they were clearly
randomised trials, reported in a full paper article, and
provided data on mortality. The included patients were
loosely defined as being critically ill—that is, sepsis,
septic shock, disseminated intravascular coagulation,
and other critical illnesses. There was no restriction of
dose and duration of treatment. We excluded trials
assessing administration of antithrombin IITin invasive
treatment of acute myocardial infarction.

Data abstraction
Two investigators independently screened the titles
and abstracts for relevant articles, and abstracted trial
data based on a predefined form. Disagreements were
resolved by discussion. Authors of the included trials
were approached for relevant additional information.
We evaluated the validity and design characteristics
of each trial and major potential sources of bias (such as
adequate random sequence generation, adequate

BMJ | 15 DECEMBER 2007 | VOLUME 335



RESEARCH

allocation concealment, adequate blinding, and use of
intention to treat analysis). Trials were defined as low
risk of bias if they fulfilled all of the above criteria. Our
primary outcome was mortality, using the longest
follow-up data from each trial. Secondary outcomes
included length of stay in intensive care or hospital,
severity of sepsis, respiratory failure (mechanically
assisted ventilation), duration of mechanical ventila-
tion, need for surgical intervention, and adverse events
(such as bleeding).

Statistical analysis

We used random and fixed effect models for all meta-
analyses. In the case of heterogeneity, we reported
results from the random effects model. We analysed
data by intention to treat and included all patients.
Heterogeneity was explored by Cochrane’s Q? testand
I?. I* >75% is considered as a heterogeneous meta-

analysis.

Study or subcategory AT Il Control Relative risk  Weight Relative risk

n/N n/N (fixed 95% CI) (%) (fixed 95% CI)
Trials with low risk of bias
Fourrier"® 7/17 9/18 e 1.25 0.82(0.40t0 1.71)
Baudo"!® 30/60 32/60 - 4.58 0.94 (0.66 t0 1.33)
Haire"?! 9/24 14/25 — 1.96 0.67 (0.36 t0 1.25)
Schmidt"?® 7/61 3/61 —+———  0.43 2.33(0.63t08.61)
Maki"® 0/74 0/72 Not estimable
Warren"! 536/1157  561/1157 . 80.35 0.96 (0.88 to 1.04)
Fulia"? 1/30 2/30 -~ 0.29 0.50 (0.05t0 5.22)
Kobayashi"* 0/14 0/15 Not estimable
Subtotal (95% Cl) 1437 1438 1 88.87 0.95 (0.88t0 1.03)

Total events: 590 (AT IIl), 621 (control)
Test for heterogeneity: x?=3.49, df=5, P=0.62, 1>=0%
Test for overall effect: z=1.19, P=0.23

Trials with high risk of bias

Harper"?? 14/44 13/49 —_ 1.76  1.20 (0.64 to 2.26)
Albert"4 4/16 5/16 e 0.72  0.80 (0.26 to 2.45)
Baudo"!® 1/13 5/16 -~ 0.64 0.25(0.03 to 1.85)
Langley"?* 11/13 9/12 - 1.34 1.13(0.76 t0 1.68)
Diaz-Cremades"!” 7/20 5/16 —— 0.80 1.12 (0.44 to 2.87)
Smith-Erichsen"?’ 7/43 6/40 _ 0.89  1.09 (0.40 to 2.96)
Inthorn?3 13/20 16/20 —r 2.29  0.81(0.55t0 1.20)
Eisele"? 5/20 9/22 e 1.23  0.61(0.25t01.52)
Waydhas"?® 8/20 4/20 ————  0.57 2.00(0.72t05.59)
Schorr2¢ 6/24 6/26 _— 0.83  1.08 (0.40 to 2.90)
Grenander"?° 1/13 0/15 ——————— 0.07 3.43(0.15t077.58)
Mitchell" 0/25 0/60 Not estimable

Subtotal 271 312 - 11.13 1.00 (0.78t0 1.27)

Total events: 77 (AT Ill), 78 (control)
Test for heterogeneity: x?=7.34, df=10, P=0.69, 1’=0%
Test for overall effect: z=0.03, P=0.98

Total (95% Cl) 1708 1750 [ 100.00 0.96 (0.89 to 1.03)
Total events: 667 (AT Ill), 699 (control)
Test for heterogeneity: x°=10.95, df=16, P=0.81, I’=0%
Test for overall effect: z=1.12, P=0.26

0.10.2051 2 510

Favours Favours
treatment  control

Fig 1| Forest plot of mortality (subgroup analyses on risk of bias). Weight is relative contribution of
each study to overall estimate of treatment effect on log scale assuming random effects model
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We carried out subgroup analyses in different
populations (for example, trauma, newborns, etc), in
patients with and without adjuvant heparin, in trials
with short (less than one week) and long duration of
treatment, in trials with short (less than the median
follow-up) and long follow-up, and in trials with high
and low risk of bias. If any results were significant, we
estimated the difference between the estimates of the
subgroups according to tests of interaction.

We created funnel plots for mortality to assess
publication bias and other types of bias. We also carried
out trial sequential analysis, which provides the
necessary sample size for our meta-analysis and
boundaries that determine whether the evidence in
our meta-analysis is reliable and conclusive.® See
bmj.com for further details.

RESULTS

Study search results

We identified 8778 references through electronic and
hand searches. After exclusions, 20 trials fulfilled our
inclusion criteria (see bmj.com). We received addi-
tional data for six trials through correspondence with
authors.

Characteristics of included trials and assessment of risk of
bias

The trials included 3458 patients, and the sample sizes
varied from 25 to 2314. Patients had sepsis (n=13) or
were from paediatric (n=3), obstetric (n=2), and trauma
(n=2) specialties. The dose regimen of antithrombin III
varied from a single bolus to 14 days of administration,
aiming for above normal antithrombin III activity.
Follow-up ranged from 7 to 90 days.

Nine trials reported adequate allocation sequence
generation; 12 adequate allocation concealment; 10
adequate double blinding; 14 performed intention to
treat analysis, or provided sufficient data to allow us to
do so, and the remaining trials excluded drop outs from
the final analyses. Only eight trials reported adequate
generation of allocation sequence, allocation conceal-
ment, blinding, and intention to treat analyses. These
were classified as trials with low risk of bias.

Effects of antithrombin Il
Combination of data from all 20 trials showed no
significant effect of antithrombin III on mortality, with
667 (39.1%) deathsin the intervention group compared
with 699 (39.9%) in the control group (pooled relative
risk 0.96, 95% confidence interval 0.89 to 1.03). There
was no heterogeneity between trials (I>=0%) (fig 1).
Compared with no intervention or placebo, anti-
thrombin III did not significantly influence the
incidence of respiratory failure (0.93, 0.76 to 1.14),
duration of mechanical ventilation (weighted mean
difference 2.2 days, (—1.2 days to 5.6 days), need for
surgical intervention (relative risk 1.04, 0.85 to 1.27)),
and length of stay in hospital (weighted mean
difference —1.9 days, —11.4 days to 7.7 days) or in
intensive care unit (0.0 days, —1.8 days to 1.8 days). One
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trial found no significant effect of antithrombin III on
quality of life, and most scores used to assess severity of
sepsis were also non-significant.® Antithrombin III
significantly increased the risk of bleeding events (1.52,
1.30 to 1.78, I*=0%) fig 2).

There was no significant effect on mortality or other
outcome measures (P>0.05) in all analyses of different
subgroup populations. Additionally, subgroup ana-
lyses of trials with short and long duration of treatment,
short or long follow-up, and high or low risk of bias
showed no significant effect on the examined outcome
measures. In the subgroup of patients who received
antithrombin III without adjuvant heparin, anti-
thrombin IIT was associated with a significant effect
(0.87, 0.75 to 0.99) but with heterogeneity (I>=1.1,
P=0.41). When we used a random effects model
because of the observed heterogeneity, the significant
effect was no longer present (0.87, 0.77 to 1.02).
Antithrombin III showed no significant effect in
patients with adjuvant heparin (0.99, 0.90 to 1.09).
The funnel plot analysis showed no evidence of bias
(P=0.37).

Trial sequential analysis

Trial sequential analysis showed that a relative risk
reduction of 10% or more on mortality is unlikely and
that we would need asample of 14 294 (with 80% power
and o 0.05) to detect a plausible treatment effect for
antithrombin III on mortality, corresponding to a
relative risk reduction of 5%. Currently 3458 patients
have been randomised and no boundaries have been

Study or subcategory AT Il Control Relative risk  Weight Relative risk
n/N n/N (random 95% Cl) (%) (random 95% CI)

Trials with low risk of bias

Baudo"'® 5/60 6/60 —_— 1.90 0.83(0.27 to 2.58)

Schmidt"* 37/61 30/61 - 22.76 1.23(0.89t01.71)

Maki** 0/74 0/72

Warren"! 255/1157 148/1157 - 68.59 1.72 (1.43102.07)

Fulia"*? 8/30 9/30 — 3.74  0.89 (0.40 t0 1.99)

Kobayashiw“ 1/14 1/15 ~—++—> 0.34 1.07 (0.07 to 15.54)

Subtotal (95% CI) 1396 1395 - 97.32 1.37(1.04t01.82)

Total events: 306 (AT lll), 194 (control)

Test for heterogeneity: x%=6.31, df=4, P=0.18, 1°=36.6%

Test for overall effect: z=2.20, P=0.03

Trials with high risk of bias

Langley"?* 5/13 4/12 e 2.19 1.15(0.40to 3.31)

Grenander"?° 1/13 0/15 ————~— 0.25 3.43(0.15t077.58)

Mitchell"® 0/25 1/60 ~——— 0.24 0.78(0.03t018.57)

Subtotal 51 87 ——— 2.68 1.23(0.48t0 3.20)

Total events: 6 (AT lll), 5 (control)

Test for heterogeneity: x%=0.51, df=2, P=0.77, 1’=0%

Test for overall effect: z=0.43, P=0.67

Total (95% Cl) 1447 1482 . 100.00 1.52(1.30to01.78)

Total events: 312 (AT Ill), 199 (control)

0.10.2051 2 510

Test for heterogeneity: x?=7.02, df=7, P=0.43, 1°=0.3%

Test for overall effect: z=5.26, P<0.001

Favours
control

Favours
treatment

Fig 2 | Forest plot for bleeding events
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crossed, indicating that the cumulative evidence is
inconclusive for a 5% relative risk reduction (see
bmj.com).

DISCUSSION

Treatment of critically ill patients with antithrombin III
does not significantly affect mortality and length of stay
in hospital or in intensive care but is associated with a
significantly increased risk of bleeding events. In
patients who do not receive heparin there might be a
benefit, though this should be explored in further
randomised trials. In the overall mortality analysis, one
low bias risk trial*'! dominates the analysis, contribut-
ing 80% of the available information.

Strength and limitations

We carried out a comprehensive search to identify
randomised controlled trials. Two investigators inde-
pendently obtained data from all corresponding
authors. This reduces the risk of publication, ascertain-
ment, and information bias. We incorporated mortality
data from 20 randomised controlled trials in our meta-
analysis (adding 11 trials more than previously
reported).

Furthermore, we evaluated the strength of the
available evidence through trial sequential analysis.®
This analysis supports our findings and shows that if
antithrombin III has any effect on mortality, it is small.

The weaknesses of our conclusions are closely linked
with the weaknesses in the individual trials. Only eight
of the 20 included trials reported adequate randomisa-
tion, double blinding, and intention to treat analysis.
We found no significant association between risk of
bias and trial estimates of intervention effects in
subgroup analyses. Furthermore, the funnel plot did
not indicate publication bias and other bias. These
findings, combined with the absence of heterogeneity
observed in most meta-analyses, support the robust-
ness of our results but do not exclude the possibility of
bias.

Although there was minimal heterogeneity among
trial results on mortality, we are aware that we pooled
heterogeneous trials regarding patients, setting, and
treatment regimen. However, all included conditions
were associated with low concentrations of anti-
thrombin III, can result in disseminated intravascular
coagulation, and have similar inflammatory pathways.
Further, a broad meta-analysis increases power,
reduces the risk of erroneous conclusions, and
facilitates exploratory analyses, which can generate
hypotheses for future research (such as adjuvant
heparin).

Effects of antithrombin Il in subgroups

All subgroup analyses but one had non-significant
results, analogous to the overall analyses on mortality.
In one subgroup that did not receive adjuvant heparin,
antithrombin III seemed to reduce mortality signifi-
cantly with a fixed effect model. When we used a
random effects model, the effect was no longer
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Antithrombin Il is a costly intervention that is widely used for critically ill patients

Four minor meta-analyses of randomised and non-randomised trials in selected populations
have previously shown inconclusive evidence on mortality

WHAT THIS STUDY ADDS

Trial sequential analysis showed that there is evidence of absence of beneficial effects (10%
mortality reduction or more) of antithrombin Ill in critically ill patients

Antithrombin Il increases the risk of bleeding
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significant. This might or might not support the
previously generated hypothesis that antithrombin
IITis beneficial in patients who do not receive adjuvant
heparin.*" In this subgroup analysis, however, we split
one trial*" into two “separate trials” with and without
concomitant use of heparin. If this trial was not split, the
subgroup without adjuvant heparin becomes insign-
ificant. These results could suggest that antithrombin
IIT cannot be recommended for patients without
adjuvant heparin, but it might be relevant to explore
this further in future trials. The negative interaction
between antithrombin III and heparin has been
recognised on a molecular level.?

Nevertheless, if antithrombin III is used in clinical
practice adjuvant heparin should be avoided as the
potentially harmful interactions are unclear.”®

Conclusion
We have shown that antithrombin III seems ineffective
in any population of critically ill patients regarding

mortality and it even increases the risk of bleeding
events. Its use in critically ill patients cannot be
recommended based on the available evidence, but it
may be relevant to explore this further in future trials.
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Hemiarthroplasty or internal fixation for intracapsular
displaced femoral neck fractures: randomised controlled

trial

Frede Frihagen, Lars Nordsletten, Jan Erik Madsen

ABSTRACT

Objective To compare the functional results after
displaced fractures of the femoral neck treated with
internal fixation or hemiarthroplasty.

Design Randomised trial with blinding of assessments of
functional results.

Setting University hospital.

Participants 222 patients; 165 (74%) women, mean age
83 years. Inclusion criteria were age above 60, ability to
walk before the fracture, and no major hip pathology,
regardless of cognitive function.

Interventions Closed reduction and two parallel screws

(112 patients) and bipolar cemented hemiarthroplasty
(110 patients). Follow-up at 4, 12, and 24 months.
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Main outcome measures Hip function (Harris hip score),
health related quality of life (Eq-5d), activities of daily
living (Barthel index). In all cases high scores indicate
better function.

Results Mean Harris hip score in the hemiarthroplasty
group was 8.2 points higher (95% confidence interval 2.8
to 13.5 points, P=0.003) at four months and 6.7 points
(1.5 to 11.9 points, P=0.01) higher at 12 months. Mean
Eg-5d index score at 24 months was 0.13 higher in the
hemiarthroplasty group (0.01 to 0.25, P=0.03). The Eg-5d
visual analogue scale was 8.7 points higherin the
hemiarthroplasty group after 4 months (1.9 to 15.6,
P=0.01). After 12 and 24 months the percentage scoring
95 or 100 on the Barthel index was higher in the
hemiarthroplasty group (relative risk 0.67, 0.47 to 0.95,
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