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Background: Site-specific validation of the activated partial
thromboplastin time (aPTT) therapeutic range is required to ensure
administration of the optimal dose of unfractionated heparin.
Therapeutic ranges of 1.5 to 2.5 times the control value are
subtherapeutic for most modern aPTT reagents.

Purpose: To audit the appropriateness of aPTT monitoring in
clinical trials comparing unfractionated heparin and low-molecu-
lar-weight heparin in patients with venous thromboembolism.

Data Sources: Search of PubMed database from 1984 to 2001.

Study Selection: Randomized, controlled trials that compared
unfractionated and low-molecular-weight heparin for the treat-
ment of venous thromboembolism.

Data Extraction: Use of unvalidated and potentially suboptimal

therapeutic ranges for aPTT in patients assigned to receive unfrac-
tionated heparin.

Data Synthesis: Fifteen studies met inclusion criteria. Only 3
studies used a validated aPTT therapeutic range, and 11 studies
used a range that included aPTT values 1.5 times the control
value. Ten studies reported unfractionated heparin doses, and 7 of
these documented a reduction to less than 30000 U/d in re-
sponse to aPTT results.

Conclusions: Most studies monitored unfractionated heparin
inappropriately. This shortcoming could be responsible for the
reduced efficacy of unfractionated heparin in clinical trials.
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Many randomized, controlled trials (1-15) have com-
pared the relative efficacy and safety of low-molecular-
weight heparin (LMWH) and unfractionated heparin in
treating venous thromboembolism. Several meta-analyses
of these trials have reported that LMWH provides superior
clinical outcomes (16, 17). These results could be influ-
enced by bias if clinical trials administered unfractionated
heparin in a suboptimal manner.

When unfractionated heparin is used to treat venous
thromboembolism, efficacy and safety depend on the use
of an optimal activated partial thromboplastin time
(aPTT) therapeutic range to adjust the heparin dose. In the
1970s, an aPTT ranging from 1.5 to 2.5 times the control
value was associated with a reduced risk for recurrent
thromboembolism and correlated with heparin levels of
0.2 to 0.4 IU/mL by protamine titration. A heparin level
of 0.2 to 0.4 IU/mL by protamine titration was subse-
quently equivalent to an anti—factor Xa heparin level of 0.3
to 0.7 IU/mL. This aPTT range (1.5 to 2.5 times control)
and associated heparin levels were considered to be the
optimal therapeutic range for treating venous thrombosis
and gained wide clinical acceptance.

However, the reagents and instruments used to deter-
mine the aPTT have changed substantially in the past 25
years. More than 300 different laboratory methods are in
use, and wide variation in their responsiveness to the anti-
coagulant effect of heparin has become apparent. This vari-
ability is largely due to differences among thromboplastin
reagents, but differences in specific lots of reagent and co-
agulometer instrumentation are also important (18, 19).
The magnitude of this variability is such that aliquots of
plasma containing a heparin concentration equivalent to
0.3 IU/mL (by factor Xa inhibition) yield mean aPTT
results ranging from 48 to 108 seconds, depending on the
laboratory method used (18-19). Thus, a target aPTT
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range of 60 to 85 seconds could be subtherapeutic, thera-
peutic, or supratherapeutic, depending on the aPTT re-
agent laboratory method used for clot detection.

Modern thromboplastin reagents are also more sensi-
tive than the reagents used to establish the traditional
aPTT therapeutic range of 1.5 to 2.5 times the control
value. As a result, the aPTT ratios of a plasma sample
containing therapeutic concentrations of heparin vary from
1.6 to 2.7 times the control value to 3.7 to 6.2 times the
control value with modern thromboplastin reagents (Table
1) (18, 19). Therefore, the use of a fixed aPTT therapeutic
range of 1.5 to 2.5 times the control value will result in
unfractionated heparin underdosing in many institutions.

The College of American Pathologists (20), the Amer-
ican College of Chest Physicians (21), and others have
recommended against the use of an aPTT therapeutic
range based on an aPTT ratio, such as 1.5 to 2.5 times the
control value. Instead, they recommend that the therapeu-
tic aPTT range be calibrated specifically for each reagent
lot or coagulometer by determining the aPTT values that
correlate with therapeutic heparin levels—equivalent to
0.3 to 0.7 IU/mL by factor Xa inhibition. Clinical trials
comparing LMWH with unfractionated heparin should
use this method at each study site to ensure that unfrac-
tionated heparin adjustments result in optimal unfraction-
ated heparin dosage (>30 000 U/d [21]).

We performed a literature search to identify random-
ized trials comparing LMWH with unfractionated heparin
in venous thromboembolism. Our primary aim was to au-
dit the appropriateness of aPTT monitoring. We hypoth-
esized that suboptimal methods of unfractionated heparin
monitoring and dose adjustment might be prevalent. If this
was the case, it could contribute to the reported superiority
of LMWH over unfractionated heparin in recent meta-
analyses.
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MEeTHODS
Study Identification

We performed a literature search from 1984 to 2001,
using the National Library of Medicine’s PubMed database
with the following search logic: heparin or low molecular
weight heparin (Medical Subject Headings [MeSH] terms),
deep venous thrombosis or pulmonary embolism (MeSH
terms), and randomized, controlled trial (publication type).
We searched the bibliographies of selected articles.
Study Eligibility

We selected only published articles that randomly as-
signed patients with venous thromboembolism to subcuta-
neous LMWH and intravenous unfractionated heparin,
reported original data, and used objective measures to as-
sess symptomatic recurrent thromboembolism and major

bleeding.

Data Extraction

We extracted the following data on each of the se-
lected studies: number of study sites; definition of aPTT
therapeutic range; whether the studies validated aPTT
therapeutic range; whether the studies specified a protocol
for unfractionated heparin dose adjustment; whether the
studies reported the percentage of patients with therapeutic
aPTT at 24 to 48 hours; and the steady-state dose of un-
fractionated heparin—defined as the mean dose adminis-
tered at the latest reported point in treatment after the first
day. Rates for major bleeding and symptomatic, radio-
graphically confirmed, recurrent thromboembolism with at
least 30 days’ follow-up were also collected.

REsULTS

We identified 15 studies that met inclusion criteria
(1-15). Table 2 lists the rate of recurrent thromboembo-
lism and major bleeding for each study. Only 3 studies
stated that they used a validated aPTT therapeutic range;
10 studies used aPTT ranges that included values 1.5 times
the control value (Table 2). Only 2 studies reported a
standardized protocol by which the unfractionated heparin
dose was adjusted (3, 9), and 4 studies reported the per-
centage of patients achieving therapeutic aPTTs (2, 8, 12,
13). Ten studies reported the steady-state unfractionated
heparin dose, and 7 of these documented a reduction in

Context

Efficacy and safety of unfractionated heparin in thrombo-
embolic disease depend on accurate measurement of the
adjusted partial thromboplastin time (aPTT). Failure to
standardize aPTT measurement may have led to wide vari-
ation in unfractionated heparin dosing in previous studies
that showed superiority of low-molecular-weight heparin
(LMWH) to unfractionated heparin.

Contribution

A survey of published randomized, controlled trials com-
paring LMWH with unfractionated heparin shows that few
of the studies used validated aPTT therapeutic ranges or
standardized protocols for adjusting unfractionated heparin
dose.

Implications

While this study does not show that variations in aPTT
measurement account for the apparent superiority of
LMWH to unfractionated heparin, it highlights some seri-
ous methodologic concerns.

—The Editors

the unfractionated heparin infusion rate to less than
30 000 U/d in response to aPTT results.

Discussion

Our results demonstrate a potential source of bias in
clinical trials comparing LMWH with unfractionated hep-
arin for treating patients with venous thromboembolism.
Most trials used unvalidated aPTT therapeutic ranges that
could lead to suboptimal dosing with unfractionated hep-
arin. Most trials did not specify the manner in which un-
fractionated heparin dose was adjusted, did not report the
percentage of patients achieving therapeutic aPTT values, and
did not document that patients were treated with an optimal
steady-state unfractionated heparin dose (>30 000 U/d [21]).

In our review, three studies reportedly used validated
aPTT therapeutic ranges (1, 10, 11). Site-specific valida-
tion of the aPTT therapeutic range is important because it
allows a uniform interpretation of aPTT results that is in-
dependent of variation in reagents used at different clinical

Table 1. Activated Partial Thromboplastin Time Therapeutic Ranges for Representative Modern Thromboplastin Reagents, Determined

by Validated Method*

Reagent Therapeutic aPTT, s Therapeutic aPTT Ratio Year Reference
Actin (Dade Diagnostics, Aguada, Puerto Rico) 49-92 to 49-109 1.9-3.7 to 2.1-4.6 2001 18
Actin FS (Dade Diagnostics, Aguada, Puerto Rico) 60-85 1.8-2.5 1989 17
79-105 2.3-3.0 1991 17
72-119 to 98-165 2.6-4.3 10 3.7-6.2 2001 18
Actin FSL (Dade Diagnostics, Aguada, Puerto Rico) 57-98 to 84-124 2.1-3.5102.6-3.8 2001 18
IL Test (Instrumentation Laboratories, Fisher Scientific, Unionville,
Ontario, Canada) 49-109 to 63-101 1.7-3.8t0 1.9-33 2001 18
Thrombosil | (Ortho Diagnostic Systems, Raritan, New Jersey) 44-75 to 58-112 1.6-2.7 to 2.4-4.5 2001 18

*aPTT = activated partial thromboplastin time.
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Table 2. Some Aspects of Unfractionated Heparin Monitoring, Unfractionated Heparin Dose Adjustment, and Clinical Outcomes in

Reviewed Studies*

Study (Reference) Sites Patients aPTT Therapeutic Range Steady-State
Range Validated Unfractionated
Heparin
Dosage
n u/d

Belcaro et al. (1) 3 294 60-85 s Yes NR

Breddin et al. (2) 71 2607 1.5-2.5 times control No NR

The Columbus Investigators (3) 31 1021 1.5-2.5 times control No 28 600

Duroux (4) 20 166 1.5-2.0 times control No 34225

Fiessinger et al. (5) 16 80 1.5-3.0 times control No 26 300

Harenberg et al. (6) 29 538 2.0-3.0 times control No 34 200

Hull et al. (7) 15 432 1.5-2.5 times control No NR

Koopman et al. (8) 9 400 1.5-2.0 times control Yes 27 800

Levine et al. (9) 15 500 60-85 s Yes NR

Lindmarker et al. (10) 5 204 1.5-3.0 times control No 25 400

Luomanmaki et al. (11) 7 330 1.5-3.0 times control No 27 300

Merli et al. (12) 74 900 55-80 s No 29 050

Prandoni et al. (13) 2 170 1.5-2.0 times control No 33 000

Simonneau et al. (14) 6 134 1.5-2.5 times control No NR

Simonneau et al. (15) 11 612 2.0-3.0 times control No 27 500

* aPTT = activated partial thromboplastin time; DVT = deep venous thrombosis; INR = international normalized ratio; LMWH = low-molecular-weight heparin;

NR = not reported; PE = pulmonary embolism.

sites—analogous to using an international normalized ratio
to interpret prothrombin time results. However, it is un-
clear whether these three studies actually used the recom-
mended procedure, since they used a single aPTT thera-
peutic range at multiple sites. Such an approach would not
be valid unless the same thromboplastin reagent, reagent
lot, and coagulometer were used in every contributing site.

Most of the clinical trials we reviewed considered an
aPTT ratio of 1.5 times the control value as therapeutic.
Yet when we reviewed reports published over the last 20
years, we could not find a single aPTT reagent that pro-
duced aPTT results as low as 1.5 times the control value in
response to therapeutic heparin levels. Examples from a
few of the studies included in that review appear in Table
1. An aPTT of 2.0 to 3.5 times the control value is re-
quired to achieve therapeutic heparin levels for most mod-
ern aPTT reagents (19).

Unfortunately, the recommended method for estab-
lishing a therapeutic range for aPTT reagents is onerous
and beyond the capacity of many laboratories. The labora-
tory in question is required to collect plasma samples from
approximately 30 patients receiving heparin and to per-
form simultaneous aPTT and heparin levels (by factor Xa
inhibition or protamine titration) (18). Linear regression is
then used to calculate the aPTT range that correlates with
heparin levels of 0.3 to 0.7 IU/mL by factor Xa inhibition
or 0.2 to 0.4 IU/mL by protamine titration. In almost all
cases, the resulting validated therapeutic aPTT range will
be higher than 1.5 to 2.5 times the control value. The
efficacy and safety of unfractionated heparin are likely to be
compromised at clinical sites that fail to calibrate their
aPTT method in the recommended manner.

We conclude that in most of the clinical trials com-
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paring unfractionated heparin with LMWH in treating pa-
tients with venous thromboembolism, the effectiveness of
unfractionated heparin could have been compromised be-
cause of suboptimal unfractionated heparin monitoring
and dosing. Because of limitations of the available data, we
could not demonstrate that suboptimal dosing and moni-
toring were associated with worse clinical outcomes. How-
ever, the results of our analysis suggest that the apparent
inferiority of unfractionated heparin to LMWH reported
in meta-analyses could be the result of suboptimal dosing
of unfractionated heparin. This observation does not de-
tract from other important advantages of LMWH. Unfrac-
tionated heparin is difficult to monitor and dose in an
optimal manner. In contrast, LMWH does not require lab-
oratory monitoring and is effective and safe when given as
a once-daily subcutaneous injection.
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